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Splash-like marine biodiversity additions after the Cambrian

DMITRY A. RUBAN!

Abstract. Some Phanerozoic biotic radiations in the marine realm led to marine biodiversity additions, i.e.,
increases in the global number of genera to unprecedented levels. Each of the two alternative biodiversity
curves implies five post-Cambrian events of this kind, which coincided with parts of the biotic radiations.
However, differences between these curves do not allow to find coherent marine biodiversity additions with
the only exception of those occurred at the interval of the Great Ordovician Biodiversification. The attempt-
ed interpretations indicate that the marine biodiversity additions increased the number of marine genera by
10-30 % (from the previous unprecedented level to that new). All additions were relatively brief and occurred
as splashes throughout the Phanerozoic. Peculiar intrinsic and extrinsic factors, as well as the speed of diver-
sification should be considered when triggers of these events are looked for. Undoubtedly, splash-like marine
biodiversity additions played an important role in the evolution of life in the sea, but a lot of research is
required in order to understand their true nature.

Key words: marine biodiversity, radiation, evolution, Phanerozoic.

AncrpakT. [lojenune 6noTHuke panujanyje Koje Cy ce J0rofnie y MOPCKHM o0JlacTUMa TOKOM (aHepo-
30MKa JI0JIaTHO Cy yTHUIlaJle Ha Pa3HOBPCHOCT MOPCKMX OpraHu3ama (0oaTHO MOpPCKa pajaujanyja), OAHOCHO
yrunane cy Ha nosehame 6pojHOCTH poioBa Ha II0OATHOM HMBOY KOje 110 Taaa Huje Omio mo3Haro. CBaka of
JIBE aJITepHATHBHE KpHBe OMOAMBEP3UTETA YKa3yjy Ha IMET MOCTKaMOPHjyMCKHIX Joraljaja oBoOT THIIa, KOjU Ce
moAyaapajy ca aeiaoBuMa OHoTHUKe paaujanuje. naxk, paznuke usmely oe nBe kpuBe He oMoryhaBajy ma ce
3aKJBYYH O jeMWHCTBEHO] IOjaBH rmoBehaBama MOpPCKOT OMOAMBEP3UTETa Ca M3Y3€TKOM KOjU je TPUCYTaH y
MEpUOy BENHWKE OpAOBUIMjyMcKe OmommBepcudukamnmje. Objanmmene JaT0 OBOM IIPIIINKOM YKasyje na je
JIOAAaTHO yBehame MOPCKe pa3HOBPCHOCTH JJOBENO 10 nmoBehama Mopckux poxosa 3a 10-30 % (ox mpeaxomHor
HUBOA 10 HOBOI HMBOa). CBa nomaTHa moBehama pPa3sHOBPCHOCTH OWJIa Cy pENaTHBHO KPaTKOTpajHa U
TMojaBHJIa Cy ce Kao OJbecak TokoM (eHepo3onka. [loceOHM yHYTpalllby U crioJballlbi pakTopH, Kao U Op3nHa
nuBep3udukaimje Tpedano Ou na Oyny y3eTd y o03Mp NPHIMKOM pa3Marparma y3poka oBux jorahaja. bes
CYMIbE, MyEEBUTH JI0OJJaTHH MOPCKH OMOAMBEP3UTET Urpa Ba)KHY YJOTY Y €BOJYLHjH )KUBOTA Y MOpPY, ajH
HEONXOJHO CYy JI0ZIaTHa UCTPAXHBambha Kako Ou ce 00Jbe pasyMeo HEeroB MpaBH KapakTep.

Kibyune peun: Mopcku OHOAMBEP3UTET, pajrjalija, €BOIyNHja, GEeHEPO3OHK.

Introduction

Marine biodiversity neither remained stable, nor in-
creased gradually through the Phanerozoic; it experi-
enced significant fluctuations (SEPKOSKI ef al. 1981;
RAUP & SEPKOSKI 1982; SEPKOSKI & RAUP 1986; SEP-
KOSKI 1993; BENTON 1995, 2002; PETERS & FOOTE
2001; FootEe 2003, 2007; BAMBACH et al. 2004; BaM-
BACH 2006; BENTON & EMERSON 2007; STANLEY 2007;
ALROY et al. 2008; PURDY 2008; MILLER et al. 2009;

ALROY 2010; KIESSLING et al. 2010; LIEBERMAN &
KAESLER 2010; MARSHALL 2010; BUsH & BAMBACH
2011; HANNISDAL & PETERS 2011; HEIM & PETERS
2011; MEeLOTT & BamMBACH 2011a,b; PETERS & HEM
2011; ABERHAN & KIESSLING 2012; ABERHAN et al.
2012; VALENTINE et al. 2013; MANNION et al. 2014).
There were several major radiations in the history of
the marine life, including those occurred in the
Cambrian and the Ordovician (SEPKOSKI & SHEEHAN
1983; DROSER & SHEEHAN 1995; DROSER et al. 1996;

I Department of Tourism, Higher School of Business, Southern Federal University, 23-ja linija Street 43, Rostov-na-
Donu, 344019, Russia; address for postal communication: P.O. Box 7333, Rostov-na-Donu, 344056, Russia.

E-mails: ruban-d@mail.ru, ruban-d@rambler.ru



2 DMITRY A. RUBAN

MILLER & FOOTE 1996; GEYER 1998; CONWAY MORRIS
2000, 2003; CONNOLLY & MILLER 2001, 2002; MILLER
& ConNoLLY 2001; WEBBY 2001; KIRSCHVINK & RAUB
2003; Dzik 2005; HARPER 2006; LIEBERMAN 2008;
MARUYAMA & SANTOSH 2008; SERVAIS et al. 2008,
2009, 2010; TROTTER et al. 2008; BRASIER 2009; MA-
SUDA & EzAk1 2009; MEYER 2009; VANNIER 2009; PLO-
TNICK et al. 2010; RuBaAN 2010, 2013; MALETZ et al.
2014; SANTOSH et al. 2014). However, many of these
radiations were only recoveries after precedent biodi-
versity losses. For instance, the number of genera incre-
ased strongly in the Middle Triassic, but this radiation
did not permit marine invertebrates to reach the same
diversity as it was before the Permian/Triassic mass
extinction (ALROY et al. 2008; PURDY 2008). Therefore,
it appears very important to focus on those time inter-
vals, when the marine biodiversity reached unprece-
dented levels. Such radiations (often parts of longer
radiations) can be called “biodiversity additions”. An
interest to them is also facilitated by the present discus-
sions of thresholds for the global biodiversity and car-
rying capacity of the planetary ecosystem (ABERHAN &
KIESSLING 2012; ABERHAN ef al. 2012; RUBAN 2013).

The issues relevant to the marine biodiversity addi-
tions were considered earlier by ALROY et al. (2008),
ABERHAN & KIESSLING (2012), ABERHAN et al. (2012),
and RuBaN (2013), but in only general form. The
main objective of the present brief paper is to estab-
lish biodiversity additions in the post-Cambrian evo-
lution of the global marine fauna on the basis of the
already-documented Phanerozoic biodiversity chan-
ges. The Cambrian is excluded from the present ana-
lysis because much has been told already about the so-
called “Cambrian explosion” (GEYER 1998; CONWAY
Morris 2000, 2003; KiRSCHVINK & RAUB 2003; Dzik
2005; LIEBERMAN 2008; MARUYAMA & SANTOSH
2008; BRASIER 2009; VANNIER 2009; PLOTNICK et al.
2010; RuBaN 2010; ErRwWIN & VALENTINE 2013;
MALETZ et al. 2014; SANTOSH et al. 2014).

Terms, original biodiversity curves,
and method

Marine biodiversity addition can be defined as a
long-term event in the biotic evolution, when the bio-
diversity increased from the previous unprecedented
level to the new unprecedented level (Fig. 1). Evi-
dently, such an event differs from “usual” biotic radi-
ations, including those Paleozoic major radiations rec-
ognized in the marine realm by RuBaN (2010). Ra-
diation (sensu lato) is an increase in the biodiversity
from the minimum to the maximum. If the minimum
was below the previous unprecedented biodiversity
level and the maximum was above it, the only part of
the radiation corresponded to the marine biodiversity
addition (Fig. 1). And in those rare cases, when the
biodiversity reached unprecedented level, remained

on its for some time, and then started to rise again, this
latter rise marks the radiation, which completely coin-
cides with the biodiversity addition. The definition
presented above may leave an impression that each
biodiversity addition is an “occasional” event. How-
ever, one should note that reaching unprecedented
level of biodiversity means fundamental change in the
ecological state of the planet, which begins to sustain
a higher number of organisms than anywhen earlier.
The proposed idea of the marine biodiversity addition
is linked to the modern ideas on thresholds for biodi-
versity, global carrying capacity, etc. (ABERHAN &
KIESSLING 2012; ABERHAN et al. 2012; RUBAN 2013).

A biodiversity
addition

new unprecedented
biodiversity level

previous unprecedented
bicdiversity level

biodiversity

biodiversity
curve

Y

bigtic radiation

\J

geologic time

Fig. 1. A simple graph demonstrating biodiversity addition
(projected on the geologic time line by dashed lines) and its
relationship with biotic radiation (projected on the geologic
time line by grey area).

Following its definition, the marine biodiversity ad-
ditions can be identified on the basis of graphical analy-
sis of “simple” biodiversity curves reflecting total num-
ber of taxa and their changes through the geologic time.
Now, two curves are available (Fig. 2). The first curve
was proposed by PURDY (2008, Fig. 1, p. 653) on the
basis of the “classical” palaeontological database com-
piled by SEPKOskI (2002) (this database is also avail-
able on-line: strata.geology.wisc.edu/jack/start.php).
The second curve was proposed by ALROY et al.
(2008, Fig. 1, p. 98) on the basis of the new palaeon-
tological database (available on-line: paleodb.org).
The both reflect changes in the number of genera of
marine organisms (chiefly invertebrates) throughout
the Phanerozoic. When the first curve is reconstructed
via “simple” calculation of the number of genera per
geologic time intervals, the second curve employs a
more complex, sample-standardized approach (see
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ALROY et al. (2008) for details and BENTON et al. (2011)
for discussion of the utility of this approach). In the
other words, these are alternative curves presenting dif-
ferent views on marine biodiversity, and the both
should be considered in the analysis of marine biodi-
versity additions. The other reconstruction of ALROY
(2008, Fig. 4, p. 100) is not considered in this article,
because it does not depict really alternative curves.

Analysis of each biodiversity curve (ALROY ef al.
2008; PurDY 2008) allows to outline radiations in the
marine realm between the minima and maxima in the
total number of genera. Presumably, the “Cambrian
explosion” reflects the first Phanerozoic unprecedent-
ed level of biodiversity. The curves permit to find the
forthcoming biodiversity increase, when this level
was exceeded and, consequently, the new unprece-
dented level was established. This increase is the
marine biodiversity addition. Projecting it on the geo-
logic time line allows to evaluate its duration in the
history of the Earth. Then, the procedure is repeated to
look for the next biodiversity additions.

The present study is based on the modern relative
and absolute time scales developed by the International
Commission on Stratigraphy (GRADSTEIN et al. 2012;
see on-line: www.stratigraphy.org). Differences be-
tween the time scales employed by ALROY et al. (2008)
and PurDY (2008) and the modern chronostratigraphy

Alray et al. (2008)

should be considered. Some modern developments in
the lower Paleozoic chrono- and biostratigraphy and
absolute geochronology (OGG et al. 2008; COCKS et al.
2010; LoypeLL 2012; COMPSTON & GALLAGHER 2012)
are also taken into account. Formal chronostratigraphi-
cal units are capitalized (e.g., Middle Ordovician, Late
Cretaceous, etc.) in this article to be distinguished from
those informal, which are not capitalized (e.g., early
Paleozoic, late Oligocene, etc.).

Nomenclature of post-Cambrian marine
biodiversity additions

A total of five post-Cambrian marine biodiversity
additions can be established with each original curve
(ALROY et al. 2008; PUurDY 2008) to be labelled A1-5
and S1-5 respectively (Fig. 2, Tables 1, 2). The curve
of PURDY (2008) permits to establish the only marine
biodiversity addition in the Paleozoic and a series of
such events in the late Mesozoic—Cenozoic (Fig. 2,
Table 1). The curve of ALROY et al. (2008) implies
“concentration” of marine biodiversity additions in
the early Paleozoic and two ‘“separate” events in the
end-Paleozoic and the end-Mesozoic (Fig. 2, Table 2).
The only A2 and S1 events coincided, whereas the
other interpreted additions did not. The noted coinci-
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Fig. 2. Alternative curves of the marine biodiversity changes through the Phanerozoic and the relevant interpretations
of the marine biodiversity additions. See Tables 1, 2 for more details. Chronostratigraphy follows the latest develop-
ments of the International Commission on Stratigraphy (see on-line: stratigraphy.org).
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Table 1. Marine biodiversity additions established with the curve of PURDY (2008) on the basis of data from SEPKOSKI

(2002).

Abbreviature
(see Fig. 2)

Approximate timing

Approximate increase in

the total number of taxa

relatively to the previous
unprecedented level

Correspondence
to biotic radiation

Relevant interpretations*®

Sl Dapingian—Katian +85-95 % middle and last parts of | major biotic radiation
(Middle-Late Ordovician) the Ordovician radiation | (DROSER ef al. 1996;
RuBaAN 2010, 2013),
regional biodiversity
peak (KALJO ef al. 2011)
82 Campanian +20-30 % second half of late Late | threshold for biodiversity
(late Late Cretaceous) Cretaceous radiation (ABERIIAN & KIESSLING
2012)
83 Priabonian (late Eocene) +10-20 % middle and last parts of
the Priabonian radiation
$4 Chattian (late Oligocene) +1% terminal part of the
Chattian radiation
S5 Burdigalian—Serravallian +10-20 % second and last parts

(mid-Miocene)

of the Early—Middle
Miocene radiation

* In all cases, there was only partial correspondence between the marine biodiversity additions and the earlier-interpreted

events.

Table 2. Marine biodiversity additions established with the curve of ALROY et al. (2008).

Abbreviature

Approximate timing

Approximate increase in
the total number of taxa

Correspondence

Relevant interpretations™®

(see Fig. 2) relatively to the previous to biotic radiation
unprecedented level
Al Early Ordovician +5-15% first phase of the major biotic radiation
Ordivician radiation (DROSER et al. 1996,
RUBAN 2010, 2013)
A2 Middle—Late Ordovician +10-20 % second phase of the major biotic radiation
Ordovidian radiation (DROSER et al. 1996;
RUBAN 2010, 2013),
regional biodiversity
peak (KALJO et al. 2011)
A3 late Silurian (Ludlow?)— +25-35% middle and last parts of | major biotic radiation
Early Devonian the SilurianEarly (Runan 2010), threshold
Devonian radiation or biodiversity (ABCRHAN
& KIESSLING 2012)
A4 late Early Permian and/or +1-5 % end of Permian radiation | major biotic radiation
early Middle Permian (RUBAN 2010)
A5 early Late Cretaceous +10-20 % second half of early Late | threshold for biodiversity

Cretaceous radiation

(ABERIAN & KIESSLING
2012)

* In all cases, there was only partial correspondence between the marine biodiversity additions and the earlier-interpreted

events.

dence is not surprising, because it corresponds to the
Great Ordovician Biodiversification (DROSER &
SHEEHAN 1995; DROSER et al. 1996; MILLER & FOOTE

1996; MILLER & ConNoLLy 2001; WEBBY 2001;
HARPER 2006; SERVAIS et al. 2008, 2009, 2010;
Masupa & Ezaxi 2009; RusaN 2010, 2013). The
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absence of coincidence of the other established events (a
challenge for the modern palaeobiologists) should be
explained by the differences of the original curves of
ALROY et al. (2008) and PURDY (2008) with regard to the
data and the methods employed for their construction.
The both original curves (ALROY et al. 2008;
PurDY 2008) permit to make some interesting obser-
vations. Firstly, the marine biodiversity additions can
be subdivided into three categories, namely those that
led to significant (up to 90%), moderate (10-30 %), and
small (~1%) increases in the number of genera. The
events of the second category prevailed (Tables 1, 2).
However, the cumulative effect of the marine biodi-
versity additions was very significant. These rare
events facilitated increase in the number of genera of
marine organisms by several times after the Cam-
brian. Secondly, the marine biodiversity additions
were relatively short-term events, except for the A3
and S1 events (Fig. 2). Thirdly (hypothetically), the
marine biodiversity additions occurred in a splash-like
mode, and some of them tended to “concentrate” at
the 100 Ma-long intervals of the geologic time (Fig.
2). If so, the strength, brevity, and rarity, of the marine
biodiversity additions echo the scenario of punctuated
equilibrium proposed by ELDREDGE & GOULD (1972)
and GouLDp (2002, 2007), as well as some general
ideas on critical transitions in evolution (SCHEFFER
2009). All above-said underlines the outstanding
importance of marine biodiversity additions in the his-
tory of life on the Earth. The necessity of their separa-
tion from “usual” biotic radiations is also proven.
Yet another interesting observation is worth to
made. One would expect that biodiversity additions
were only culminations of “usual” biotic radiations,
i.e., the former were the only terminal parts of the lat-
ter. However, the both biodiversity curves (ALROY et
al. 2008; PurDpY 2008) (Fig. 2) and the interpretations
made in this article (Tables 1, 2) do not support this
idea. In contrast, the majority of the marine biodiver-
sity additions corresponded to significant parts of the
relevant biotic radiations (the S4 and A4 events are
exceptions). On the one hand, this observation pro-
vides an evidence against “occasional” nature of the
marine biodiversity additions. On the other hand, the
same observation allows to hypothesize that there was
a specific category of biotic radiations that quickly
“lifted” biodiversity to new unprecedented levels.

Possible triggers: a general framework for
analysis

Various intrinsic (biological) and extrinsic (palaeo-
environmental) processes and events, as well as their
combinations might have triggered marine biodiversity
additions, similarly to how this occurred with “usual”
biotic radiations (RuBan 2010, 2013; ABERHAN &
KIESSLING 2012; ABERHAN ef al. 2012). However, it

should be noted that the former were very peculiar
events, because they changed the state of the planetary
ecology (see above). Extraordinary forces were requ-
ired. One should take into account several assumptions.
The first assumption is the action of very specific fac-
tor(s) influencing the carrying capacity of the global
ecosystem at the intervals of the marine biodiversity
additions. E.g., the latter might have been triggered by
the highest position of the global sea level, extraordi-
nary global warming, etc., i.e., by processes/events that
were extraordinary at the interval of the marine biodi-
versity addition. The second assumption is as follows.
If all post-Cambrian marine biodiversity additions were
triggered by the same force (or combination of several
forces), this force strengthened at the time of the
younger additions, because the latter needed more
“support” to exceed the previous additions.

The third assumption is that a given marine biodi-
versity addition requires certain time. It is possible
that one extraordinary intrinsic or extrinsic process or
event did not necessarily lead to the biodiversity addi-
tion if there was not enough time for the relevant
acceleration in the number of taxa. Sudden catastro-
phes (like mass extinctions) or gradual development
of unfavourable conditions were able to interrupt a
trend towards biodiversity acceleration. As a result,
the similarly strong (but not stronger!) trigger repeat-
ed later could facilitate diversification above the
unprecedented level. In the other words, the potential
of each biotic radiation to culminate as a biodiversity
addition can be realized either in full or partly. Most
probably, more assumptions can be formulated in the
same manner. Consideration of them reveals a diver-
sity of models explaining marine biodiversity addi-
tions (Fig. 3). Development and further discussion of
these models in the light of the available palaeonto-
logical and geological data will permit to judge about
triggers of the marine biodiversity additions. The
complexity of the “Cambrian explosion” (BRASIER
2009; ERWIN & VALENTINE 2013; SANTOSH et al.
2014) demonstrates how challenging is this task.

An agenda for further research

This brief article stresses the importance of splash-
like marine biodiversity additions in the history of life
in the Earth’s seas. However, much work is yet to be
done for correct and comprehensive understanding of
these events. The urgent tasks for further studies are
as follows. Firstly, the new, globally-representative
biodiversity curve is required in order to bring the
nomenclature of marine biodiversity additions in
order. The absence of coherence of the “classical”
(PurDpY 2008) and “innovative” (ALROY et al. 2008)
curves is a serious challenge. Achievement of the
noted task will also permit to establish the exact dura-
tion of each marine biodiversity addition.
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biodiversity
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biodiversity
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geologic time

_level abave which bigdiversity
becomes unprecedentedy high
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Fig. 3. Selected examples of possible relationships between biodiversity changes and potential single triggers of biodiversi-
ty additions. A, biodiversity addition as a result of the strengthened trigger. B, no biodiversity addition occurred despite the
strengthened trigger, because the time, when the latter persisted, was not enough for recovery from the previous biodiversi-
ty loss. C, biodiversity addition did not require a stronger trigger, because the previous unprecedented level was below the

maximum carrying capacity.

Secondly, it should be understood whether marine
biodiversity additions involved all or some fossil
groups and whether they occurred in all or some
regions. A correspondence to coeval events in the evo-
lution of terrestrial biota should be also discussed.
Thirdly, a diverse set of models explaining marine
biodiversity additions have to be developed and test-
ed, and the assumptions presented above need to be
verified. The works of ABERHAN & KIESSLING (2012),
ABERHAN et al. (2012), and RuBAN (2013) are the first
stepts in this direction. This third task can be achieved
partially by special attention to biological and
palaeoenvironmental peculiarities of time intervals of
these events and their comparison.
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Pe3ume

IHocT-KaMOPHUjyMCKO 0/b€CKOBUTO
yBehame MopcKkor 6MoguBep3uTETA

BuonuBep3uTeTr MOpCKHUX cpenrHa TOKOM (eHepo-
30MKa HHje 0o ctaduiaH, a Takohe ce Huje HU yBeha-
Bao MOCTETeHO, Beh ce oIMKoBao 3HaYajHIM Bapupa-
meM. McTopujy MOpCKHX opraHm3ama KapaKTepullie
HEKOJIMKO BEIMKUX pajdjallfja y Koje cranajy u OHe
KOj€ Cy ce JemaBaie y KaMOpHjyMy U OpIOBUIIH]yMY.
Mehytrm, MHOTE O] OBHX paaHjalidja MpeacTaBibaie
Cy caMO OIopaBak OMOAMBEP3UTETA KOjU j& YCIETUO
HakKoH KaractpoduuHux morabaja. 300r Tora je Beoma
BaXHO OOpaTHTH NMaXiby Ha OHE BPEMEHCKE HHTEp-
Bajie y KOjUMa jé MOPCKH OMOIMBEP3HUTET ITOCTH320
BUIIIe HUBOE KOjU C€ paHHUje HUCY jaBspanu. OBakBa
panujamija (Koja 9ecTo mpencraBiba neo Behe panuja-
1IMje) Moriia O ce Ha3BaTH ‘‘NOAaTHUM OWMOTUBEp3H-
tetom”. JlomaTHH MOPCKH OMOIMBEP3UTET MOXKE J1a C€
YCTaHOBU Ha OCHOBY IpadHuKuX aHaln3a “TIpocTux’’
KpUBU OHOIMBEpP3UTETa KOje Cy OApa3 IENOKYITHOT
Opoja TakCcOHa W HUXOBUX MPOMEHA KPO3 TEOIOIIKO
Bpeme. CBakM O TMET MOCTKaMOPHjCKUX TOJATHUX
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MOPCKHX OMOAMBEP3UTETa MOXE C€ YTBPAWUTH JBEMa
nmoctymHUM KprBuMa. [lomohy mpBe KpuBe U3/1BOjEH je
JeOVHH TONAaTHW MapWHCKH OWOAMBEpP3HWTET Yy Ta-
JIE030HKY, Ka0 U CepHje TaKBUX Jloral)aja TOKOM TOpHer
Me3030MKa W KeHo3owka. Jlpyra kpumBa ykasyje Ha
“KOHIIEHTpAIN]y”’ JOAaTHUX MOPCKHUX OMOIUBEP3UTETA
Yy paHOM TMajeo30uKy, Ka0 W Ha JABa ‘‘pa3mBojeHa’
nmorahaja Ha Kpajy Tajie030MKa M Ha KPajy Me3030HMKa.
OBaxBo nogyaapame Hije n3HeHalyjyhe ¢ 003upom na
OJIrOBapa BEJIMKO] OPAOBHIIMjYMCKOj OMOmnMBepcUbU-
karju. OJCYCTBO Moaynapama apyrux Beh mozHarmx
norahaja Moxe ce 00jaCHUTH pa3fiKama OpUTHHAITHE
KPHBE Y OTHOCY Ha TIOIaTKE U METO/IE MMPUMEHEHNX Y
IUXOBO] PEKOHCTPYKUHWjU. JlomaTHu MOpCKH OHOIH-
BEP3UTET MOXe OWTH TIOIeJbeH y TPU KaTeropuje, OHe
Koje Bofe 10 3Ha4dajHor (10 90%), ymepenor (10-30%),
u ciabor (~1%) nosehama Opoja pomosa. [Ipeosnalyyjy
norahaju cekyHmapHe kareropuje. JlomatHu MapuHCKH
OMOMUBEP3UTET je peNlaTUBHO KPaTKOTpajHu norahaj ca

HEKOJIMKO M3y3eTaka. Morio Ou ce O4YeKHBaTH Ja cy
JIofaTHA OWOAMBEP3UTETH CaMO KylIMHHamuja ‘“‘o0u-
yHe” OMOTCKE pajaujainuje, Tj. Ja Cy OHEe CaMO HHUXOBH
3aBpiiHA AenoBu. Melhytum, obe OmommBep3uTCKe
KpHBE WM FHMXOBa HHTEpIpeTalldja y OBOM paay He
moAipkaBajy oBy miejy. Hacympor tome, Behuna mo-
JMATHIX MOPCKHX OHOAWMBEp3WTETa ONroBapa 3HAUaj-
HUM JIeIOBIMa ofpeh)eHnx OHOTHUYKMX pajujaiyja.
Pasmautn yHyTpammy (OHONOMIKH) W CIIOJHAIIEHH
(yTrmaj maneocpenuHe) mpormecd W gorahaju, kKao u
FbUXOBE KOMOHMHAIIM]€ MOTY J]a U3a30BY JOIAaTHU MOp-
ckn OmonmuBep3uTet, Mnak, Tpedaao Ou HamTacuTH 1a
Cy oMeHyTH joralaju Ouiam BeoMa pPeTKH, jep Cy YTH-
[AJTM HA TIPOMEHY EKOJIOIIKUX yCJIOBa Ha YMTABO] IjIa-
HeTH. HeolrxoHo je ycTaHOBUTH M TIPOOATH Pa3uanTe
Mojienie koju Ou 00jacHIUTH T10jaBy JONATHOT MOPCKOT
OnommBep3nTeTa, a Takohe je MOTpeOHO W MPOBEPUTH
MIPETIOCTaBKy KOja je OB/Ie U3HeTa.

b. P.
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The role of conodonts in the global stratigraphic correlation
on example of southern Siberia (Russia) and eastern Serbia

SERGEI A. RODYGIN!

Abstract. Conodonts are very precise tools for global stratigraphic correlation of Devonian deposits. They
can be correlated at the level of standard conodont zones even for basins having very different geological
structure. In this paper Devonian conodont correlations between north-western margin of the Kuznetsk Basin
(Siberia) and eastern Serbia are demonstrated. The geology of both regions is quite different. East Serbian
zone is the southern tip of the Carpathian folded area (Carpatho-Balkanides). Middle Paleozoic carbonate and
terrigenous deposits (Silurian, Devonian and Lower Carboniferous) are replaced by Hercynian molasse, and
sedimentation continued throughout the Mesozoic and Cenozoic Eras. Rocks were exposed to repeatedly tec-
tonic effects, olistoliths, olistostromes are widespread. Middle Paleozoic sediments, including Devonian, are
localized within separate small tectonic blocks, often shifted from its place and form allochthons. In the west-
ern part of the Altai-Sayan folded area the Middle Paleozoic sediments have undergone folding and orogeny
during the Hercynian phase of tectonic and magmatic activity, but since that time the continental conditions
have been dominant in this region. The Devonian deposits are well represented in the marginal parts of the
Kuznetsk Basin. In both regions the Devonian rocks have been well studied and the standard conodont zones
varcus, gigas (rthenana) — linguiformis, crepida, expansa and praesulcata were established.

Key words: conodonts, correlation, Devonian, Serbia, Siberia.

Ancrpakt: KoHOOHTH Cy BeoMa 3Ha4ajHM 3a TIO0ANHY CTpaTurpa)cKy Kopeanujy NeBOHCKHX CEIH-
MeHaTta. OHH MOTY TIOCITY)KHTH 32 KOpEJIalyjy CTaHIapIHUX KOHOIOHTCKHX 30Ha YaK ¥ 3a OaceHe ca pa3jinyu-
TOM T'€O0JIOIIKOM CTPYKTYpOM. Y OBOM pajy IpHKa3aHa je Kopenalyja AeBOHCKUX KOHOJOHATa ceBepo3amnal-
Hor 00ona Kysmerckor 6acena (Cubup) u ucroune Cp6uje. ['eonoruja oBUX pernoHa je cacBUM Pa3lIMInTA.
Hcrouna Cpbuja mpencrasiba jyxuu kpaj Kapmarcke nabopue obmactu (Kapnaro-bankanumm). Cpenmo-
NaJIe030jCKN KapOOHATH M TEPUTEHH CEJUMEHTH (CHITYp, ICBOH U JIOKHU KapOOHA) CY 3aMEH-EeHU XEPIIMHCKUM
MoJlacama, 4dja ce CeIUMEHTalja HacTaBJba Kpo3 Me3030HMK M KeHo30uK. CTeHe Cy Omie M3JI0KEHU BHIe-
CTPYKHM TEKTOHCKUM yTHIajuMa. OJHCTOIUTH H OIUCTPOCTPOME cy decte. Cpeamonane030jCKU CEUMEHTH,
YKJbY4yjyhu u eBOHCKe, Hajla3e ce YHyTap M3/[BOjEHHX MalbUX TEKTOHCKUX OJIOKOBA M 4ECTO CY NMPEMEIITEHN
ca cBor Mecra popmupajyhu amoxtone. ¥ 3anmamHuM jenoBuMa Antan — Canan HabopHE 00JacTH CpeIHhO-
IUIa€030jCKU CEJUMEHTH Cy OWIM IOABPTHYTH HaOUpamy M OpOreHy TOKOM TEKTOHCKE W MarMaTcKe aKTHB-
HOCTH XepluHCKe (ase [locie Tor BpeMeHa y 0BOM PEruoHy Cy NpeoBiagaid KOHTHHEHTAIHH yclIoBH. [le-
BOHCKH CEIMMEHTH cy 100po pa3BUjeHH y MapruHAJIHUM aeioBuMa Kysmerckor OaceHa. Y o0a permoHa
JIEBOHCKH CEJMMEHT Cy 10OpO MPOYYEHU M YCTAaHOBJbEHE Cy CTaHAapAHE KOHOJOHTCKE 30HE: varcus, gigas
(rhenana) — linguiformis, crepida, expansa u praesulcata.

Kiby4yHe peun: KOHOIOHTH, Kopenanuja, 1eBoH, Cpouja, Cudup.

Introduction

The significance of conodonts as a supervising fau-
nistic group for Paleozoic stratigraphy is very high.
They were abundant in the Middle Paleozoic seas, par-
ticularly in the Devonian ones. The Standard Conodont
Zones Scale based on the evolutionary development of
deep-sea conodonts. This scale is a recognized world

standard of all Devonian boundaries. It was constantly
being improved and updated (Fig. 1). Unfortunately, in
its latest edition some regular zones names were
changed and zones have been divided into several new
ones (BECKER et al. 2012). These innovations do not
cause approval from the specialists for other faunal
groups. Standard conodont scale cannot be fully used in
sections of shallow-water deposits. But conodonts still

I Chair of the Paleontology and Historical Geology, Geological and Geographical Faculty, Tomsk State University, Lenin
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Fig. 1. The Standard Conodont Zonation in the Devonian
(BECKER et al., 2012, abridged).

remain the major biostratigraphical correlation tools.
By studying the distribution of conodonts in certain
sections, every specialist tries always to tie their subdi-
visions to zones of the standard conodont scale and to
implement the inter-regional and global correlation of
strata. The Devonian subdivisions of southern Siberia
and eastern Serbia can serve as an example of such cor-
relation (RODYGIN 2014).

Methods

Ten years ago during geological excursions in east-
ern Serbia the author could see that the geology of this
area is very differing from the geology of southern Si-
beria. East Serbian zone is the southern tip of the Car-
pathian folded area (Carpatho-Balkanides). Middle
Paleozoic carbonate and terrigenous deposits (Silu-
rian, Devonian and Lower Carboniferous) are re-
placed here by Hercynian molasse, and sedimentation
continued throughout the Mesozoic and Cenozoic
Eras (CIRIC 1996). Rocks were exposed to repeatedly
tectonic effects, particularly strong in Alpine phase of
tectonic and magmatic reactivation. Overthrusts, olis-
toliths, olistostromes are widespread there; Middle
Paleozoic sediments, including Devonian are local-
ized within separate small tectonic blocks, often shift-
ed from its place and formed allochthons. Tectonic
blocks are interpreted as terranes, significantly
changed its initial spatial position (KRSTIC et al
2004).

In the western part of the Altai-Sayan folded area the
Middle Paleozoic sediments have undergone folding
and orogeny during the Hercynian phase of tectonic
and magmatic activity, but since that time the continen-
tal conditions have been dominant in this region. The
Kuznetsk coal basin (Kuzbass) began to form. The Ku-
znetsk Basin is an intermountain depression filled in its
middle part by coal-bearing Carboniferous and Per-
mian sediments. The Devonian deposits are well repre-
sented in the marginal parts of the Kuzbass. They are
confined to the Givetian Stage of the Middle Devonian,
to Frasnian and Famennian of the Upper Devonian. The
studied sections are located in the vicinity of the town
of Anzhero-Sudzhensk, in the Yaya, Barzas rivers
basins, in the Tom’ basin downstream of the city of Ke-
merovo (the northern district of the Kemerovo Region)
and in the vicinity of village Vassino of the Novosibirsk
Region (Type sections, 1992; RoDYGIN 2011, 2014).
The sections are composed of terrigenous and carbona-
ceous, mainly shallow deposits bearing rich associa-
tions of benthic fauna with brachiopods, rugoses, tabu-
lates and stromatoporoids predominantly. Crinoids,
ostracodes, tentaculites, bivalves are encountered; less
common are gastropods, cephalopods, trilobites and
fish integument fragments. Along with the fauna, stro-
matolites, algae, vegetable debris and spores were
found from certain of the sections.

For many years these sections were tested for con-
odonts being of great stratigraphic importance. Repre-
sentative conodont assemblages were established,
which enabled the stratigraphical position of horizons
to be defined more precisely and the correlation be-
tween the sections and the Standard Conodont Scale
to be made. L.M. Aksenova and V.G. Halymbadzha
took part in studying conodonts jointly with the pres-
ent author (AKSENOVA et al. 1994; Type sections..,
1992; RoDYGIN 2011, 2014).
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Results

Lower Devonian and Eifelian deposits are absent in
this region. The Givetian deposits compose the Ma-
zalovsko-Kitatskyi Horizon subdivided into the Ma-
zalovsko-Kitatskaya, Siberian-Lebedyanskaya and
formations. The Mazalovsko-Kitatskaya Formation en-
closes the conodonts: Polygnathus timorensis KLAPPER,
PHILIP et JACKSON, Icriodus obliquimarginatus Bis-
CHOFF et ZIEGLER, I. brevis STAUFFER and others indi-
cating its belonging to the Lower varcus conodont
zone. The Siberian-Lebedyanskaya Formation contain-
ing the Conodont species Polygnathus ansatus ZIEGLER
et KLAPPER, P. timorensis KLAPPER, PHILIP ef JACKSON,
P, ovatinodosus ZIEGLER et KLAPPER, P varcus STA-
UFFER, Icriodus brevis STAUFFER, Ozarkodina semial-
ternans (WIRTH), among others, is assigned to the
Middle and Upper varcus zones and, probably, to the
hermanni-cristatus zone. The Izylinskaya Formation,
containing Polygnathus cf. webbi STAUFFER, P. cf. de-
corosus STAUFFER, P dubius HINDE, Icriodus brevis
STAUFFER, [. difficilis ZIEGLER et KLAPPER, I. cf. diffi-
cilis ZIEGLER et KLAPPER, [. aff. expansus BRANSON et
MEHL, I. expansus BRANSON et MEHL and other con-
odont species, is correlatable to the Early falsiovalis
(norrisi) zone (RODYGIN 2011, 2014).

The Frasnian Stage of the Kuzbass is subdivided
into the Vassinskyi, Glubokinskyi and Solominskyi
horizons. The Vassinskyi Horizon contains the con-
odont assemblage including the following species:
Polygnathus webbi STAUFFER, P. alatus HUDDLE, P,
decorosus STAUFFER, P. aequalis KLAPPER et LANE, P.
aff. angustidiscus YOUNGQUIST, Ancyrodella lobata
BRANSON et MEHL, Icriodus expansus BRANSON et
MEHL, 1. brevis angustulus SEDDON, I. subterminus
YOuUNGQUIST, and others. This horizon can be con-
fined to the interval of the falsiovalis — hassi —jamieae
zones. In the limestones of the Glubokinskyi horizon
(Izvestkoviy Zavod section) follows conodonts were
found: Polygnathus ex gt. brevilaminus BRANSON et
MEHL, P. alatus HUDDLE, P. foliatus BRYANT, Ancy-
rodella nodosa ULRICH et BASSLER, Icriodus symmet-
ricus BRANSON et MEHL, 1. brevis angustulus SEDDON,
allowing to position the horizon to the interval of the
hassi — jamieae zones. The Solominskyi Horizon con-
tains the conodont assemblage composed of Polygna-
thus decorosus STAUFFER, P. evidens KLAPPER et LA-
NE, P. cf. normalis MILLER et YOUNGQUIST, P. webbi
STAUFFER, Ozarkodina gradata YOUNGQUIST and oth-
ers is confined to the interval of the rhenana — lin-
guiformis conodont zones (RODYGIN 2011, 2014).

In the Famennian Stage (northern margin of the
Kuzbass) the Kosoutesovskyi, Mitikhinskyi, Podo-
ninskyi and Topkinskyi horizons are established. The
conodont assemblage distinguished in the Kosoute-
sovskyi Horizon includes Palmatolepis triangularis
SANNEMANN, Pa. minuta minuta BRANSON et MEHL,
Pa. subperlobata BRANSON et MEHL, Pa. delicatula

delicatula MILLER et YOUNGQUIST, Pa. aff. quadrantin-
odosalobata SANNEMANN, Polygnathus brevilaminus
BRANSON ef MEHL, P. politus OVNATANOVA, P, aff. xylus
STAUFFER, Icriodus iowaensis ancylus YOUNGQUIST et
PETERSON, 1. cf. subterminus YOUNGQUIST, 1. alternatus
BRANSON ef MEHL, I. cornutus SANNEMANN, etc. This
assemblage is indicative of the possibility to confine
this horizon to the interval of the conodont triangu-
laris — trachytera zones. There is very small conodont
assemblage in the Mitikhinskyi Horizon deposits.
Only quite recently some conodonts were collected
from the Mitikhinskyi Horizon stratotype and Glubo-
kaya River section, but their study yet will be imple-
mented. The Podoninskyi Horizon contains the con-
odont complex (J.M. Gutak’s sampling) composed of
Polygnathus delicatulus ULRICH et BASSLER, P. inor-
natus E.R. BRANSON, Siphonodella praesulcata
SANDBERG, and some others, which is characteristic
for the praesulcata zones of the uppermost Famen-
nian. In the limestones of the Topkinskyi Horizon the
following conodonts are distinguished (Plate 1): Poly-
gnathus aff. parapetus DRUCE, Neopolygnathus lectus
KoNoNovA, Polygnathus inornatus E.R. BRANSON,
Icriodus costatus costatus (THOMAS), Icriodus costa-
tus darbyensis KLAPPER Morphotype 2, Pseudopoly-
gnathus primus BRANSON et MEHL; Mehlina strigosa
(BRANSON et MEHL). They are widely occurring in the
expansa and praesulcata zones of the uppermost De-
vonian (GUTAK et al. 2004; 2007; GUTAK & RODYGIN
2011; RopYGIN 2011, 2014).

Consequently, the deposits of the northern margin
of the Kuznetsk Basin represent the section that is
almost continuously characterized by conodonts and
confidently comparable with the Standard Conodont
Zones Scale.

Discussion

B. KRrsTIC and M. SUDAR during 1989-1994 made
efforts on the conodonts study of the Devonian in
Eastern Serbia. These researchers had complexes sim-
ilar to those that we have been identified in Kuzbass.
This is particularly important, given that both regions
have quite different geological history (KRSTIC &
SuDpAR 1989, 1990a, b, 1991, 1992, 1993, 1994).

For example, the conodont complex found in the
location of Donja Nevlja: Polygnathus linguiformis
linguiformis gamma Morphotype Bultynck, P. pseu-
dofoliatus WITTEKINDT, P. varcus STAUFFER, P. xylus
xylus STAUFFER is typical for Givetian Lower varcus
zone (KRSTIC & SUDAR, 1990b), connecting these
beds with the Mazalovsko-Kitatskaya formation
developed on the river Mazalovskyi Kitat near the
town of Anzhero-Sudzhensk (RODYGIN, 2014).

In the south-eastern Serbia, near the spa Zvonacka
Banja in a small interlayer of dolomitic limestone
among clastic rocks, quite a rich conodont complex
was found: Palmatolepis gigas MILLER et YOUNG-
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QUIST, Pa. semichatovae OVNATANOVA, Pa. subrecta
MILLER et YOUNGQUIST, Pa. linguiformis MULLER,
Ancyrodella lobata BRANSON et MEHL, Anc. curvata
(BRANSON et MEHL), Anc. nodosa ULRICH et BASSLER,
Polygnathus decorosus STAUFFER, P. webbi STAUFFER,
Icriodus alternatus BRANSON et MEHL. These cono-
donts occur together at the top of the Frasnian, gigas
(thenana) — linguiformis zone (KRSTIC & SUDAR,
1989). In Devonian of the Kuznetsk Basin margins
similar complex conodonts was established on the top
of Vassinskyi and Solominskyi horizons.

In the Rtanj Mts., southern Srpska Kosa, such con-
odonts are present: Icriodus alternatus alternatus
BRANSON et MEHL, I. alternatus helmsi SANDBERG et
DREESEN, Palmatolepis crepida SANNEMANN, Pa. mi-
nuta loba HELMS, Pa. quadrantinodosalobata SANNE-
MANN, Pa. subperlobata subperlobata BRANSON et
MEHL, Polygnathus brevilaminus BRANSON et MEHL
etc. They are of the crepida zone characteristic (KRs-
TIC & SUDAR, 1990b). Towards the bottom of the same
zone treat conodonts from the vicinity of the village
Miljkovac: Icriodus alternatus alternatus BRANSON et
MEHL, Palmatolepis triangularis SANNEMANN, Pa.
quadrantinodosaloba-ta SANNEMANN (KRSTIC & Su-
DAR, 1993). These conodonts bring enclosing beds
together with Kosoutesovskyi horizon on the Kuzbass
margins (Tom’ River).

Variety of conodonts were extracted from olisto-
liths of Kucaj-Zvonce flysch near Gornja Studena on
Suva Planina (KRSTIC & SUDAR, 1991). Among them
there are Famennian conodonts: Polygnathus inorna-
tus E.R. BRANSON, P. communis communis BRANSON
et MEHL, Mehlina strigosa (BRANSON et MEHL) etc.,
which resemble conodont complexes of expansa and
praesulcata zones of Podoninskyi and Topkinskyi
horizons in Kuzbass (RODYGIN, 2014).

Conclusions

Eastern Serbia and Kuznetsk Basin with their mar-
gins both have different geological structure and his-
tory. Devonian terrigenous-carbonate deposits on
Kuzbass margins were mainly deposited in shallow
marine conditions, with often reef constructions, bra-
chiopod banks and rich benthic fauna. Along Devo-
nian sections near the town of Anzhero-Sudzhensk,
rivers Yaya and Tom, representative conodont com-
plexes were collected and standard conodont zones of
Middle and Upper Devonian and regional stratigraph-
ic horizons were established. But in the north-western
margins of Kuzbass a complete stratigraphic Devo-
nian succession was not preserved. In the absence of
zonal conodont species, the age was sometimes deter-
mined on benthic fauna (RoDYGIN 2011, 2014). In the
Eastern Serbia the Devonian sediments are preserved
in separate tectonic blocks. There are both autochtho-
nous and allochthonous blocks. From rare limestone
beds the representative collection of conodonts con-

taining many zonal species was obtained (KRSTIC &
SuDAR, 1995; RoDYGIN, 2014). Standard conodont
zones were established for the Devonian beds of
Eastern Serbia. Conodonts have high correlation po-
tential, whereby the opportunity to compare the De-
vonian of Eastern Serbia with many regions around
the world, in particular, with the margins of the
Kuznetsk Basin in southern Siberia, where similar
conodont complexes were also found and the standard
conodont zones were established.
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Pe3nme

Yiora KOHOZOHATA Y IJI00AJIHO]
CTPATUIPA(PCKOj KopeJallMju HA TPUMeEPY
jysxknor Cuoupa (Pycuja) m ucroune
Cponje

CranmapiHe KOHOIOHTCKE 30HE 3aCHOBaHE Cy Ha
€BOJIYIIMOHOM Pa3B0jy TyOOKOBOIHMX KOHOMOHaTa. OBe

30HE TIPEJICTaBIbajy CTAaHIApA 3a CBE JIEBOHCKE TPaHU-
tie. [Ipema HOBHjM TomariMa Heke Beh mo3Hare 30He
Cy TIO/IeJheHe y HEKOJNWKO HOBMX 30HA. CBakWl CIIeIH-
jaNnCcTa KOjH TpOy4aBa KOHOMOHTE MOKYIIaBa a WX
ynoTpebu 3a MelhypernoHaHy U TI00aHy KOpenarujy
ciojeBa. JleBoHcka mozena jyxHor CrOupa M UCTOYHE
CpOuje moxe ma Oyne mprMep TakBe KOpemanyje.

AyTop je mpe JeceT ToauHa, TOKOM T'€0JIOIIKE eKC-
Kyp3uje y ucrounoj CpOuju mpuMeTHo 1a je Teolo-
THja OBHX MPOCTOpa BEOMa PA3NINYHUTA O TEOJOTH]e
jyxHor Cubupa. Mcrouna Cpbuja npencraBiba jyKHH
kpaj Kapmarcke mabopue obmactu (Kapmaro-bamnka-
Huan). Cpenme naneo3ojcke kKapOoHaTHE U TEpHUTeHE
CTeHe OmIIe Cy M3JI0KEHEe yUeCTaINM TEKTOHCKHAM T10-
Kpetnma. HaBiake, ONHCTONHMTH U ONUCTOCTPOME CY
IIMPOKO pacrpocTpamern. Cpeamonane030jcKu ce-
TUMEHTH, YKJbY4yjyhu u [eBoHCKe, Hala3e ce yHyTap
W3[IBOj€HUX MambHUX TEKTOHCKUX OJIOKOBA.

3a BpeMe TeKTOHCKE M MarMaTCKe aKTHBHOCTH Xep-
nuHCcKe (aze y 3amamHoM neny Antam — CamaH Ha-
OOpHE O00NacCTH CPEARONANC030jCKH CEANMETH CY
MTOJIBPTHYTH HaOWpamuMa M OpPOTeHY, Al HAaKOH TOoTa
y O0BOj 001acTH JOMUHHPA]y KOHTHHEHTAIHH YCIOBH.
Kysmercku 6aceH je MehymiaHHHCKA AeTpecHja Koja
j€ V CpeIuIIHBuM AEOBHMA 3alyHheHa YIJhbOHOCHUM
KapOOHCKMM W TePMCKHUM CeAnMeHTHMa. [|eBOHCKH
CEIMMEHTH Cy J00pO pa3BHjeHU Y OOOAHHUM JETIOBH-
Ma Kysbaca. M3manmm cy msrpaljeHu o TepUreHNX o
KapOOHATHUX CTEHA, YIIIABHOM IUTHTKOBOIHUX, ca 00-
raToM acolyjarujoM OeHTOHCKe (hayHe y K0joj Tpeo-
Bnalyjy O6paxuononun, xopanu (Rugosa u Tabulata) u
CTPOMATOIIOPHUIH.

JKusercku cenumenTH koju usrpalyjy Ma3zamoBcko-
Kurarcku xopu3oHT cy nonessenn y cienehe gpopma-
umje: MazanoBcko-Kurarcka, Cubupcko-Jlebennancka
n Wzmnmacka. MazanoBcko-Kurarcka dopmarnuja
caapxu KoHomoHTe: Polygnathus timorensis KLAPPER,
PHILIP et JACKSON, Icriodus obliquimarginatus BI-
SCHOFF et ZIEGLER, I. brevis STAUFFER W np. (moma
varcus KOHOIOHTHaA 30Ha). Y Cubupcko-Jlebeamancka
(dopmaruju on KOHOZOHATa ce jaBibajy: Polygnathus
ansatus ZIEGLER et KLAPPER, P. timorensis KLAPPER,
PHILIP et JACKSON, P ovatinodosus ZIEGLER et KLAP-
PER, P varcus STAUFFER, Icriodus brevis STAUFFER
(cpemmu W TOpHH AeO varcus 30Ha). M3mimmHCKa
tdopmantuja canpxku: Polygnathus cf. webbi STAUFFER,
P. dubius HINDE, Icriodus brevis STAUFFER, I. difficilis
ZIEGLER et KLAPPER, I. expansus BRANSON et MEHL etc.
(momu meo falsiovalis (norrisi) 30He).

Opazaman Kysbaca je momesreH Ha BacuHckw,
I'my6okmaCcKM 1 COMOMHUHCKH XOPHU30HT. BacwHCkH
XOPH30HT CaJip Ki KOHOMOHTCKY 3ajeqHuny: Polygna-
thus webbi STAUFFER, P. alatus HUDDLE, P. decorosus
STAUFFER, P. aequalis KLAPPER et LANE, Ancyrodella
lobata BRANSON et MEHL, Icriodus expansus BRAN-
SON et MEHL, [. brevis angustulus SEDDON, 1. sub-
terminus YOUNGQUIST u gp. (falsiovalis — hassi — ja-
mieae 30He). [TyOOKWHCKM XOPH3OHT CaJpKu Clie-
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nehe xoHomonte: Polygnathus ex gr. brevilaminus
BRANSON et MEHL, P. alatus HUDDLE, P. foliatus Bry-
ANT, Ancyrodella nodosa ULRICH et BASSLER, Icriodus
symmetricus BRANSON et MEHL, I. brevis angustulus
SEDDON (hassi — jamieae 30He). COTOMHUHCKH XOpH-
30HT caapxu: Polygnathus decorosus STAUFFER, P
evidens KLAPPER et LANE, P. webbi STAUFFER, Ozar-
kodina gradata YOUNGQUIST u ap. (rthenana — lingui-
formis KOHOOHTCKE 30HE).

VY ¢damennany cy ycnocraBibeHn KocoyTecoBckw,
MuTtnxuHcky, [TononnHcku 1 TONKUHCKU XOPU30HTH.
Kononontcky 3ajeqanity KocoyTtecoBckor Xopu3oHTa
yuHe: Palmatolepis triangularis SANNEMANN, Pa.
minuta minuta BRANSON et MEHL, Pa. subperlobata
BRANSON et MEHL, Pa. delicatula delicatula MILLER et
YounGQuisTt, Pa. aff. quadrantinodosalobata
SANNEMANN, Polygnathus brevilaminus BRANSON et
MEHL, P politus OVNATANOVA, Icriodus iowaensis
ancylus YOUNGQUIST et PETERSON, [I. alternatus
BRANSON ef MEHL, 1. cornutus SANNEMANN u Ap. (tri-
angularis — trachytera 3one). [lomOHWHCKM XOPHU3OHT
canpxu: Polygnathus delicatulus ULRICH et BASSLER,
P, inornatus E.R. BRANSON, Siphonodella praesulcata
SANDBERG " Jp. (praesulcata 3oHa HajBuIer dame-
Huana). Y TomkmHckoM xopu3oHTy cpehy ce: Poly-
gnathus aff. parapetus DRUCE, Neopolygnathus lectus
KonNoNova, Polygnathus inornatus E.R. BRANSON,
Icriodus costatus costatus (THOMAS), Icriodus costatus
darbyensis KLAPPER Morph. 2, Pseudopolygnathus
primus BRANSON et MEHL; Mehlina strigosa (BRANSON
et MEHL). OBe BpCTe Cy IIUPOKO PAaCHpPOCTPAREHH Y
ehpansa u praesulcata 30HamMa HajBHIIIET I€BOHA.

b. Kectuh & M. Cyaap (1989-1994) cy netaspHO
MpoyYaBalid JIEBOHCKE KOHOAOHTe ucTouHe CpoOwuje.
[ToMeHyTH HUCTpaXWBa4W Cy W3ABOJHIIN jEAMHHIIC
cIIMYHe OHUMa Koje cy yTBphene y Kyszoacy.

Ha mpumep, xoHOZOHTCKa aconujanuja HaheHa y
nokanurery Joma Hesma canpxu: Polygnathus
linguiformis linguiformis gamma morph. BULTYNCK,
P. pseudofoliatus WITTEKINDT, P. varcus STAUFFER, P,
xylus xylus STAUFFER (IoBa varcus 30HeE), TIOBE3Yje
oBe cIiojeBe ca MazamoBcko-Kurtarckom gpopmanmjom.

V jyrouctounoj Cpb6uju, y 6musznau 3BoHauke ba-
b€, ¥ TaHKUM IPOCIOjIMMa JOJIOMUTHYHHUX Kped-

maka mmel)y KracTHYHHX cTeHa HaljeHa je Oorara
KOHOZOHTCKa acowjanujanmja: Palmatolepis gigas
MILLER et YOUNGQUIST, Pa. semichatovae OVNA-
TANOVA, Pa. subrecta MILLER et YOUNGQUIST, Pa.
linguiformis MULLER, Ancyrodella lobata BRANSON et
MEHL, Anc. curvata (BRANSON et MEHL), Anc. nodosa
ULRICH et BASSLER, Polygnathus decorosus STAUF-
FER, P webbi STAUFFER, Icriodus alternatus BRANSON
et MEHL (gigas (rhenana) — linguiformis 3omne). Ciu-
YHa JIEBOHCKa acolujanuja Takolhe je HaheHa y obomy
Kysmerckor 6acena, mpu Bpxy Bacunckor u Como-
MHUHCKOT XOPH30HTA.

Ha Py, jyxna Cpricka Koca, cmidHa KOHOZOHTCKa
acoljanyja je npencraBibeHa ca: Icriodus alternatus
alternatus BRANSON et MEHL, I alternatus helmsi
SANDBERG et DREESEN, Palmatolepis crepida SANNE-
MANN, Pa. minuta loba HELMS, Pa. quadrantino-
dosalobata SANNEMANN, Pa. subperlobata subper-
lobata BRANSON et MEHL, Polygnathus brevilaminus
BRANSON et MEHL u np. OHU MMajy KapaKTepPHUCTHKE
crepida 3one. [Ipema 6a3m ucte 30He, y OIM3MHU cena
MwbkoBan, onapehenu cy: Icriodus alternatus alter-
natus BRANSON et MEHL, Palmatolepis triangularis
SANNEMANN, Pa. quadrantinodosalobata SANNEMANN.
OBu koHOZOHTH cy Takohe Halenn y KocoyrecoBckom
xopu3oHTy Ky30acke maprune (peka Towmj).

Pa3zHOBpcHa KOHOMOHTCKA acolujaluja je wu3-
nBojeHa m3 ommcronuTa Kydajcko-3BoHadkor (uimia,
omuzy l'opme Crynene Ha CyBoj ruianuHu. Mely mu-
Ma cy (hameHCKH KOHOMOHTHU: Polygnathus inornatus
E.R. BRANSON, P. communis communis BRANSON et
MEHL, Mehlina strigosa (BRANSON et MEHL) u np.
KOjU Cy OJIMCKY KOHOAZOHTHUM KOMILJIEKCHMa expansa
u praesulcata 3ona ITomoaMHCKOT U TOITKHMHCKOT XOPH-
3oHara Kysbaca.

Kononontu npyxajy Benuky moryhHocT 3a kopena-
1Mjy, neBoHa ucroune CpOuje ca MHOTHM perHOHHMA
y CBETY a HapouuTo ca obonom Kysmerckor b6aceHa y
jyxaom Cubmpy rme cy takohe mponaljeHe cnmuHe
KOHOJIOHTCKE acollfjaIlije U YCTaHOBJhEHE CTaHIapHE
KOHOZIOHTCKE 30HE.

b. P.

PLATE 1.

Late Famennian Conodonts from Topkinskyi Horizon of the Kuznetsk Basin:
(see also GUTAK & RODYGIN, 2011). Sample G-08-46, Collection of TSU Paleontological Museum, No. 68:

Figs. 1, 6, 7. Polygnathus aff. parapetus DRUCE

Figs. 2, 5. Neopolygnathus lectus KONONOVA

Figs. 3, 4. Polygnathus inornatus E.R. BRANSON

Fig. 8. Icriodus costatus costatus (THOMAS)

Fig. 9. Icriodus costatus darbyensis KLAPPER, Morphotype 2

Fig. 10.

Pseudopolygnathus primus BRANSON ET MEHL
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Discrimination of tectonic dynamism, quiescence and third order
relative sea level cycles of the Cauvery Basin, South India

MUTHUVAIRAVASAMY RAMKUMAR!

Abstract. Application of integrated stratigraphic modeling of sedimentary basins with the help of sequence
and chemostratigraphic methods for improved understanding on the relative roles of depositional pattern and
history of a Barremian-Danian stratigraphic record of the Cauvery Basin, India was attempted. Through enu-
meration of facies characteristics, tectonic structures and geochemical characteristics of the sedimentary rocks
the use of geochemical signatures in distinguishing the relative roles of major factors has been evaluated. The
results indicate that the geochemical signatures of the sedimentary rocks accurately record the prevalent geo-
logical processes and an ability to distinguish them through employing stratigraphic variations of composi-
tional values and discrimination diagrams help in understanding the basinal history better. In addition, pre-
domination of relative sea level fluctuations and active nature of tectonic movements during few time slices,
which in turn was overwhelmed by sea level fluctuations are also inferred.

Key Words: Barremian-Danian relative sea level, tectonic events, source area weathering, tectonic setting,
Cauvery Basin, India.

Ancrtpakr: Y paiy je MoKynIaHa NpUMeHa HHTETPHCAHUX CTpAaTUrpackux Mojesna Ha CeAMMEHTHe Oace-
He y3 HoMoh CEeKBEHIIMOHUX XeMOCTpaTUrpa)CKuX MeTola y IInJby 00Jber pa3yMeBama oAroBapajyhnx yiaora
JETIO3UIIMOHUX 00pa3ala M UCTOpHje OapeMCKo-ITaHCKOT crparturpadekor 3amuca y Kyeepu Oaceny. Ilyrem
Kinacudukanyje (QanujasHuX KapaKTepUCTHKA, TEKTOHCKUX CTPYKTypa M TEOXEMHjCKMX OCOOMHA ceniu-
MEHTHHMX CTEHA M3BpILEHA je NPOLCHA yIoTpede reoXeMHjCKHX I0Ka3aTesba 3a Pa3IMKoBambe oroBapajyhux
yJI0ra Koje cy UMaJi IaBHH (akTopu. Pesynararu ykasyjy Ja reoxeMujcka CBOjCTBa CEANMEHTHHX CTEHA IIpe-
IIU3HO OJIpa’kaBajy INIaBHE T'€0JIOMIKE Mpoliece Kao U Aa MOIYhHOCT BUXOBOT IPeNo3HaBama IyTeM ynorpede
cTparurpa)CKUX Bapujanyja KOMIIO3ULIMOHUX BPEIHOCTU U Jijarpama pa3BpcTaBarmba IoMaxke 00JbeM pasy-
MeBamwy ucropuje O6acena. Ilopen Tora, pasMaTpaHe Cy W 3Ha4yajHe IPOMEHE HUBOA MOpPa Kao M TEKTOHCKU
MOKPETH KOjU Cy OWITM aKTHBHU TOKOM JIy’KeT BpEMEHCKHUOT MIepHo/ia a LITO je 3a MOCICIHILYy HMaJOo KoJieOame
HHMBOA MOpa.

Kibyuyne peun: bapeMcko-JaHCKH pPeNaTUBHU HUBO MOpa, TEKTOHCKH J0Taljaju, IOBPIIMHCKO pacliafambe

Y 30HHU MOpEKJIa MaTepujaja, TeKTOHCKHU ycinoBH, Kaysepu Oacen, Unanja.

Introduction

The theory of sequence development defines the
sedimentation system under the control of four major
variables, namely, tectonic subsidence, eustatic sea
level change, volume of sediment influx and climate
(SARG 1988). The relative sea level cycles, first pub-
lished by VAIL et al. (1977), revised by HAQ et al.
(1987) espoused that the sedimentary sequences are
produced principally under the influence of sea level
cycles that vary between few tens of millions of years
(1st order cycle) to few million years (314 order cycle).

Successive studies have shown that distinct sedimen-
tary sequences could be traced to sea level cycles up
to infra seventh order (NELSON et al. 1985; WILLIAMS
et al. 1988; CARTER et al. 1991). VAIL et al. (1977)
stated that the sea level chart published by them is
incomplete and cycles of varying order could be
added, so that, more complete chart could be estab-
lished. The aim behind this statement is to incorporate
sea level cycles at Milankovitch scale, to which the
response of the sedimentation system is proved
beyond doubt (CARTER et al. 1991). RUBEN et al.
(2012), HAQ (2014) and RuBAN (2015) have present-

I Department of Geology, Periyar University, Salem - 636011. India. E-mail: muramkumar@yahoo.co.in
* Present Address: South East Asia Carbonate Research Laboratory (SeaCarL), Universiti Teknologi Petronas, Tronoh,
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ed the updates based on the progress made in this field
of research so far.

HAYS et al. (1976) have convincingly demonstrated
that climatic records were dominated by frequencies
characteristic of variations in the Earth’s tilt, preces-
sion and eccentricity relative to the Sun. In the years
since, numerous studies have upheld the validity of
the Milankovitch climatic cycles in terms of 100, 41,
23 Ka orbital periods that influence or control varia-
tions in global ice volume, thermohaline circulation,
continental aridity and run off, sea surface tempera-
ture, deep ocean carbonate preservation and atmos-
pheric CO, and methane concentrations (RAYMO et al.
1997; GALE et al. 2002, 2008; GALEOTTI et al. 2009).
While examining the compiled data on the sediment
volumes (mass) or sediment fluxes of the continental
and marine subsystems to determine the complete
routing in terms of mass conservation for specific
time periods since Cenozoic, HINDERER (2012) report-
ed that the response times of the large sedimentary
systems are within the Milankovitch band. HILGEN et
al. (2014) opined that despite fragmentary sedimenta-
tion, stratigraphic continuity as revealed by cyclostra-
tigraphy unequivocally established the dominant role
of depositional processes at the Milankovitch scale.

Global chemostratigraphic signals such as those
carried by organic matter (MIDDLEBERG et al. 1991;
PASLEY et al. 1993; MEYERS & SIMONEIT 1989; Tu et
al. 1999; CALVER 2000) oxygen isotope (ANDERSON et
al. 1996; VEIZER et al. 1999) and strontium isotope
(VEIZER 1985; VEIZER ef al. 1999; MUTTERLOSE ef al.
2014) and their relationships with sea level changes,
and in turn, the climatic fluctuations are well known.
The global carbon cycle varies on a million year time
scale affecting the isotopic and chemical composition
of the global carbon (WALLMANN 2001). The glacial
intervals coincide with shifts in 8180 and &!3C. For
the carbon isotope record, rate of burial of Cg,, and
thereby changes in atmospheric CO, and for the oxy-
gen isotopic records, temperature and ice volume
effects on the seawater reservoirs and thereby sea
level changes may be linked (KAMPSCHULTE et al.
2001).

Spectral analysis of 5180 and 313C shows that their
significant variances are concentrated at 100, 43, 23
and 19 Ka spans (Oprpro ef al. 1990; Orro & FAIR-
BANKS 1989). While examining 3180 of Phanerozoic
seawater, VEIZER et al. (1997) observed high frequen-
cy cycles within first order cycle. STRAUSS (1997)
recorded fourth order cycles of sulphur isotope that
stack up to form 3rd order cycle fluctuations that in
turn accommodated within 2nd order cycles. GOLD-
HAMMER et al. (1991) showed that the sequences of
Paradox Basin exhibited a hierarchical stacking pat-
tern of 5th order (80 Ka duration) shallowing upward
cycles grouping into 4t order (400 Ka duration)
cycles, which in turn stacked vertically into part of a
3rd order cycle. Large number of studies has docu-

mented the occurrences of high frequency sea level
changes within major sea level cycles (for example,
GIL et al. 2006; KULPECZ et al. 2009; ELRICK & SCOTT
2010; PELLENARD et al. 2014; ULICNY et al. 2014).
These abilities of sequence and chemostratigraphy
helped successfully reinterpret the basinal history, and
establish regional and global stratigraphic correlation
and are being widely applied for petroleum exploration,
inter-well correlation and reservoir characterization,
etc. (RAMKUMAR et al. 2010, 2011). On the contrary,
there are many studies that have questioned the veraci-
ty of the sequence stratigraphic concepts (MIALL 1991;
2009), especially the third order cycles (for example,
CLOETING 1988; MIALL 1991; HiscoTT 2001; SPALLETTI
et al. 2001; STEPHENS & SUMNER 2003) and the preci-
sion of the cycle durations and the applicability of such
cycles on a global scale (MIALL & MIALL 2001).

Nevertheless, there are reports that have document-
ed the occurrences of sedimentary records typical of
high-frequency cycles deposited under the primary
control of tectonics (for example, BHATTACHARYA &
WiLLis 2001; VAKARELOV et al. 2006) though doubts
have been raised over the rate at which the tectonic
movements can mimic high-frequency cycles (GOLD-
HAMMER et al. 1987; MASETTI et al. 1991). Influence
of regional-global plate movements over third order
cycles has also been reported by BACHMANN et al.
(2003) and VEIGA & SpALLETTI (2007). In an innova-
tive study, VAN DER MEER et al. (2014) recently
demonstrated the control exercised by tectonics over
atmospheric CO, through a complex and intrinsically
coupled chain of processes and thereby over cli-
mate—continental weathering and sea level fluctua-
tions, and ensuing sedimentary records. HiscOTT
(2001), SpALLETTI et al. (2001), BACHMANN et al.
(2003) and BRrETT et al. (2004) opined that it is a com-
mon phenomenon of sedimentary records to have sea
level cycles affected by local tectonics either positive-
ly or negatively. Depending on the local, regional and
global scale of processes, these cyclic changes may
get preserved in the ensuing sedimentary strata, the
temporal scale of which may vary from few thousand
years to few or few tens of millions of years — a pos-
tulate widely utilized in seqeuence and chemostrati-
graphy.

Thus, the enigma of relative roles of tectonics-sea
level fluctuations over depositional pattern remains to
be there where it had all started when VAIL et al.
(1977) proposed the sequence stratigraphic concepts.
It has also raised questions on the very fundamentals
of sequence and chemostratigraphic applications. At
this juncture, it becomes essential to address the prob-
lem of discrimination relative influences of tectonics
and relative sea level fluctuations over sedimentary
records.

The Cauvery Basin (Fig. 1) is located in the south-
ern part of Indian peninsula. It contains a near com-
plete stratigraphic record of Barremian—Danian. It is
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Fig. 1. Location and Geology of the study area (After RAMKUMAR et al. 2004a).

one of the most studied basins (ACHARYYA & LAHIRI
1991). In a first ever basin-scale temporally long
range chemostratigraphic study, RAMKUMAR et al.
(2011) recognized six major chemozones, separated
by type 1 sequence boundaries and other correlative
surfaces coeval with third order cycles of sea level,
which in turn contained high frequency cycles, prob-
ably in the order of 104-106 years and found to be
consistent with the timescale-sea level curve of GRAD-
STEIN et al. (2004). Though there are disagreements on
the connectedness of Indian subcontinent with other
continental plates during Barremian to Danian, (ALI &
AITCHISON 2008), the enclosed nature of Indian sub-
continent by sea and its behavior as an Island akin to
the present day Australia was not questioned. As the
climatic conditions of Island continents are predomi-
nantly controlled by the temperature of surrounding
seawater and the Cretaceous Period had experienced
extended greenhouse effect (VEIZER et al. 2000; BICE

& NORRIS 2002; CoccioNl & GALEOTTI 2003; HERRLE
et al. 2003; NAJARRO et al. 2010), changes in seawa-
ter temperature would have affected the glaciers to
retreat or advance, causing high-frequency sea level
oscillations that in turn might have influenced the
depositional system of the Cauvery Basin.

As the provenance area of the Cauvery basin sedi-
ments were confined to adjacently located horsts and
hinterland (RAMKUMAR et al. 2004a, 2006) the sea
level changes and the tectonic events might have been
exacerbated (VEIGA & SPALLETTI, 2007) and reflected
in the sedimentary records. The basin fill shows tex-
tural immaturity all through is sedimentary history. In
addition, high-frequency sea level cycles during Bar-
remian—Santonian and Late Cretaceous—Danian, over-
lap of much older lithostratigraphic units by younger
units and angular unconformity surfaces characterize
the basin fill and indicate the involvement of certain
amount of tectonism (VEIGA et al. 2005) over deposi-
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Table 1. Lithostratigraphy of the exposed part of the Cauvery Basin (affer RAMKUMAR et al. 2004a).

Age Formation Member Thickness (m)

Mio- Pliocene Cuddalore S.St. Fm. >150
S e Unconformity - === ———————————————__.

Niniyur Fm Periyakurichchi biostromal Mbr 26

Danian Anandavadi arenaceous Mbr 30
e Unconformity —=——---—-=--———————————.

Kallamedu Fm. 100
———————————————————— Unconformity -=================--—-

2‘ Ottakoil Fm. 40
Maastrichtian O mmmmmmmm e Unconformity - ------=-————ccoo-—.

(; Srinivasapuram gryphean L.St. Mbr. 18

_ | Kallankurichchi Fm. Tancem biostromal Mbr. 8

= Kattupiringiyam inoceramus L.St. Mbr. 8

= Kallar arenaceous Mbr. 6
— > --- - Unconformity ==----=-—--=--=—-——————-.

Campanian :: Varanavasi S.St. Mbr. 270

— Sillakkudi Fm. Sadurbagam pebbly S.St. Mbr. 80

Santonian Varakuppai lithoclastic conglomerate Mbr. 45
— M- Unconformity -=--=-=-=-=-===---------.

Coniacian Anaipadi S.St. Mbr. 215

- Garudamangalam Fm. ~ Grey S.St. Mbr. 35

Kulakkanattam S.St. Mbr. 123
-------------------- Unconformity -=--=-=-=========———————.

Turonian - Karai Fm. Odiyam Sandy clay Mbr. 175

Gypsiferous clay Mbr. 275
-------------------- Unconformity------========-==-----:

Cenomanian Kallakkudi Calcareous S.St. Mbr. 60

Dalmiapuram Fm. Olaipadi conglomerate Mbr. 65

— Dalmiya biohermal L.St. Mbr. 15

. Varagupadi biostromal L.St. Mbr. 23

Albian Grey shale Mbr. 7
— mm e mmmmmm—— e Unconformity ==================—=—-.

Aptian Terani clay Mbr. 30

Sivaganga Fm. Kovandankurichchi S.St. Mbr. 24

Barremian — Basal Conglomerate Mbr. 18
g Unconformity - ==—====——————ceeeee.

Basement Rocks (Granitic gneiss, charnockite, pegmatite, etc.)

tional history and creation of accommodation space.
By these traits, the Cauvery Basin offers a test site to
discriminate relative influences of tectonics and sea
level fluctuations. As the stratigraphic record is the
outcome of an exogenic system consisting of geolog-
ic setting, changes in sea level, changes in geochemi-
cal reactions between the sea and earth and climate
(SrRINIVASAN 1989) and as the sedimentary geochem-
istry is a faithful recorder of provenance, tectonic set-
ting and palaeoclimatic conditions prevalent (BHATIA
1983; BHATIA & CROOK 1986; ROSER & KORSCH
1986; TAYLOR & MCLENNAN 1985; MONGELLI et al.
1996; CINGOLANI et al. 2003), this paper attempts

understanding the dynamics of provenance, tectonic
setting and sea level fluctuations of the Cauvery Basin
and to discriminate them through geochemistry.

Thus, the objectives of this paper are set to examine
a) hierarchical variations of geochemical signatures
(sensu RAMKUMAR, 2015) in tune with prominent con-
trols of sequence-chemostratigraphic cycles, b) ability
of geochemical signatures to distinguish the relative
significances of various depositional agents, prove-
nance and tectonic setting, etc. and ¢) utility of applica-
tion of integrated chemo-sequence stratigraphic model-
ing for characterizing basin fill on a long-short term
cycles.
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Geological setting

Among the NE-SW trending Late Jurassic—Early
Cretaceous pericratonic rift basins created all along
east coast of the Indian peninsular shield (SASTRI ef al.
1981; POWELL et al. 1988; CHARI et al. 1995; JAFAR
1996; CHATTERIEE et al. 2013), in response to the frag-
mentation of Gondwana super continent and rifting of
Africa—India—Antarctica (LAL et al. 2009), the Cau-
very Basin (Fig. 1) is located at the southern part of
the Indian peninsula. The basin continued evolving till
the end of Tertiary through rift, pull-apart, shelf sag
and tilt phases (PRABAKAR & ZUTSHI, 1993). It lies
between the latitudes 08°30’N and the longitudes
78°30’E and covers an exposed area of about 25,000
km? onland and 17,500 km? in the offshore (SASTRI et
al. 1981) of the Bay of Bengal upto 200 m isobath. It
is a structurally elongated basin with NE-SW trend-
ing half-graben morphology and a regional dip of
5-10° E and SE directions.

This basin is well differentiated into sub-basins and
horsts (ACHARYA & LAHIRI, 1991; CHANDRA, 1991;
PRABHAKAR & ZULCHI, 1993; Chari ef al. 1995) name-
ly, Ariyalur - Pondicherry sub-basin, Tanjore - Tran-
quebar - Nagapattinam sub-basin, Ramnad - Palk Bay
sub-basin, Pattukottai - Mannargudi - Karaikal ridge,
Kumbakonam - Mandanam ridge, and Mandapam -
Delft ridge. The evolutionary (SASTRI et al. 1981;
PRABHAKAR & ZUTCHI, 1993; CHARI et al. 1995; LAL
et al. 2009), stratigraphic (RAMANATHAN, 1968; BA-
NERJL, 1972; SUNDARAM & RaAO, 1986, TEWARI et al.
1996; SUNDARAM ef al. 2001; RAMKUMAR et al. 2004a,
2005a), palaeontologic (CHIPLONKAR, 1987; GOVIN-
DHAN et al. 1996; BHATIA, 1984; JAFAR & Ral, 1989;
KALE & PHANSALKAR, 1992; KALE et al. 2000; GUHA,
1987; GUHA & SENTHILNATHAN, 1990, 1996; RAMKU-
MAR & CHANDRASEKARAN, 1996; RAMKUMAR et al.
2010a; RaI et al. 2012), and geochemical (RAMKU-
MAR, 2007; RAMKUMAR et al. 2004b, 2005b, 2006,
2010b, 2010c, 2011) characteristics of this basin are
well-documented. The sedimentary succession of this
basin exceeds 5500 m in thickness (GOVINDAN et al.
2000). Lithofacies associations and fossil data indi-
cate periodic sediment-starved nature and basin filling
process of depositional pattern (Ayyasamy, 1990).
Based on the facies characteristics, comprehensive
lithostratigraphy of the onland part this basin was pre-
sented by TEWARI et al. (1996) and was modified by
SUNDARAM et al. (2001) and later a systematic revi-
sion was made by RAMKUMAR et al. (2004a) following
standard stratigraphic procedures and terminologies.
The lithostratigraphic sub-divisions (Table 1; Fig. 1)
are separated by sequence boundaries and other cor-
relative surfaces (RAMKUMAR et al. 2011) and are geo-
chemically distinct to the tune of 100% from each
other (RAMKUMAR et al. 2010b). A brief description on
facies characteristics of the Barremian-Danian sedi-
mentary sequence is presented in the table 2.

Materials and methods

Systematic field mapping in the scale of 1:50,000
was conducted through ten traverses (Fig. 1) in which
308 locations were logged and sampled. At each loca-
tion and along the traverses, information on lithofa-
cies, contact relationships, sedimentary and tectonic
structures and occurrences of mega and ichnofossil
assemblages were recorded. For characterizing the
strata for sequence analysis, the conceptual standard
workflow of CATUNEANU (2006) and CATUNEANU et
al. (2009, 2010, 2011) were followed. It included def-
inition of type sections, recognition of sequence strati-
graphic surfaces (among the seven types of surfaces),
defining them into sequence boundaries, and relating
them with any of the four events of the base-level
cycle, and then with any of the three systems tracts
(forced regression, normal regression and transgres-
sion) based on the outcrop, facies and other relevant
criteria. The sequence model so developed was pre-
sented earlier (RAMKUMAR et al. 2004a).

Based on the field data, a composite stratigraphic pro-
file of Barremian-Danian strata was constructed that
allowed selection of 157 rock samples for analyzing
trace elemental composition. From these 157 samples,
70 samples were further selected and analyzed by XRF
for major elemental composition following the proce-
dures discussed in KRAMAR (1997) and STUBEN ef al.
(2002). Stable isotopic analyses were performed as per
the procedures presented in KELLER et al. (2004).
Analyses of 157 samples for petrography and whole-
rock mineralogy, 70 samples for clay mineralogy were
also performed. The geochemical data were interpreted
with stratigraphic variation, plotting in established dis-
crimination diagrams (for example, ROSER & KORSCH,
1986) and computation of weathering indices (NESBITT
& YOUNG, 1982), and corroboration with major geolog-
ical events. Collation of all these information along with
the published data allowed elucidation of the prevalent
changes in provenance, tectonic setting, and fluctuations
in relative sea level with which, the relative influences
of various processes were interpreted and discussed.

Results
Tectonic events

All along its western margin, basin margin faults are
recognizable (Fig. 1) which separate the Archaean
shield from the sedimentary deposits. Based on the field
structural criteria, contact relationships, and lithological
association and displacement, basin scale tectonic
movements and their relative timings were interpreted
viz., initial block faulting (F1 in Fig. 1), movement of
fault blocks during Albian-Cenomanian boundary inter-
val (F2 in Fig. 1), reactivation of older fault blocks and
creation of new fault during Santonian (F3 in Fig. 1) and
reactivation of fault blocks during post Danian—pre
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Table 2. Lithofacies characteristics of the Barremian-Danian strata of the Cauvery Basin.

Formation

Member

Facies characteristics

Niniyur

Periyakurichchi

Thick arenaceous bioclastic limestone bed followed by medium to thick, pa-
rallel, even bedded recurrent biostromal limestone and marl typify this mem-
ber. Regionally varying concentrations of shell fragments and whole shells
of bivalve, gastropod and remains of amphibia, pisces, algae, foraminifera
and ostracoda are also observed.

Anandavadi

Isolated coral mounds, impure arenaceous limestone and lenses of sandstone
and clay, deposited in a restricted marine regime under subtidal to intertidal
regions. Occurrence of localized concentrations of shell fragments, coralline
limestone and reef derived talus deposits are characteristics of this member.
This member rests over the Kallamedu Formation with distinct disconformity.
At top, an erosional surface is recognizable

Kallamedu

Unconsolidated, well rounded and poorly sorted barren sands with rare-scarce
dinosaurian bone fragments. Towards top, these grade to medium to thin
bedded, relatively highly argillaceous sandstones. Local occurrence of clays
and silts with dispersed detrital quartz grains and sandy streaks, non-bedded
nature, rare lamination and mud cracks in them indicate sedimentation as over
bank deposits. Towards top, this formation has paleosol indicating return of
continental conditions.

Ottakoil

The rocks are coarse to medium sized, well-sorted, fossiliferous, low angle
cross-bedded and planar to massive bedded sandstones with regionally vary-
ing sparse calcareous cement. They also show recurrent fining upward sequ-
ences. Abundant Stigmatophygus elatus and few trace fossils indicative of
shallow marine environment of deposition. This formation rests over Kallan-
kurichchi Formation with disconformity and overlapped by Kallamedu
Formation.

Kallankurichchi

Srinivasapuram

Uniform, parallel, thick-very thick-bedded gryphean shell banks with Tere-
bratula, Exogyra, bryozoa and sponge. Extensive boring in gryphean shells,
synsedimentary cementation, colonies of encrusting bryozoa over gryphean
shells and micritization of bioclasts deposition of this member in inner shelf.

Tancem

Biostromal limestone beds with thin to thick, parallel, even bedded nature,
cross bedding, normal grading, hummocky cross stratification, feeding traces,
escape structures and tidal channel structures. Local concentrations of various
fossils, sporadic admixture of siliciclastics and intraclasts.

Kattupiringiyam

Dusty brown friable carbonate sands with parallel, even and thick to very
thick bedding that contains only /noceramus and bryozoa. This member has
diagenetic bedding and abundant geopetal structures filled with mm to cm
sized dog tooth spars of low magnesian non-ferroan calcite. This member
has non-depositional surface at bottom and has erosional surface at top.

Kallar

Normal graded conglomerates in which well-rounded clasts of basement
rocks, fresh feldspar, resedimented colonies of serpulids and other older sedi-
mentary rocks that range in size from coarse sand to boulder are observed.
Lower contact of this member is an erosional surface. The upper contact is
non-depositional surface resulted from marine flooding,

Sillakkudi

Varanavasi

Featureless, massive, thick to very thick bedded, coarse to medium grained
sandstones. Occasional very coarse sandstone lenses, pockets of shell hash,
intraformational lithoclastic bounders in association with vertical cylindrical
burrows and resedimented petrified wood logs are observed. The rocks rest
over the pebbly sandstone member with non-depositional surface Upper sur-
face of this member represents erosional surface associated with regression.
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Table 2. continued.

Formation

Member

Facies characteristics

Sillakkudi

Sadurbagam

Coarse siliciclastics with abundant marine fauna, shell fragments and vary-
ing proportions of calcareous matrix At the base, an erosional surface follow-
ed by distinct cobble-pebble quartzite conglomerate is observed. The rocks
show normal grading, low angle cross bedding, massive, thick to medium,
even and parallel bedding. At places, pockets of shell rich carbonate lenses
with abundant siliciclastic admixture are found to occur. Load casts, slump
folds, pillow structures and synerasis cracks, occasional development of algal
mounds are also found.

Varakuppai

It rests over older sedimentary rocks with typical erosional surface. The ero-
sional intensity was such high that, the beds have direct contact with much
older Karai Formation. Fluviatile sandstones with well-rounded basement
rocks, quartzite and older sedimentary rock boulders in addition to unsorted
coarse sand-pebble sized siliciclastics constitute this member. These are typi-
cally reverse graded and show cyclic bedding, large scale cross bedding and
lack any body fossils. Large scale cross bedding, mud drapes, fresh feldspar
and sandstone clasts are also recorded. Towards top,thalassinoid burrows are
reported, that indicate gradual submergence of the depocentre by rising
sealevel.

Garuda mangalam

Anaipadi

Massive and thin-bedded claystones, silty claystones and clayey sandstones
in south that gradually grade to silty clay in south center and thin down.
Again, from there, thickness of these beds and sediment grain size increaseand
contain abundant large ammonites. Further north, these were observed to be
clayey siltstones with abundant shell fragments and ammonites.

Grey sandstone

Highly well cemented. sorted and rounded grains giving massive appearance.
The beds are cyclic, parallel, even bedded alternative layers of barren and
highly fossiliferous and sandy layers with regionally varying thicknesses.
This member rests conformably over the Kulakkanattam member and has
distinct erosional and non-depositional surface. Upper contact is non-deposi-
tional surface associated with marine flooding.

Kulakkanattam

Massive, yellowish brown ferruginous sandstones with abundant admixture
of silt and clay. Localized concentrations of shell fragments, bivalves and
gastropods and ammonites are common, It also contains abundant wood frag-
ments with extensive oyster boring. Cross bedding, channel courses, planar
bedding and feeding traces are also common. The depositional surface was
strongly bioturbated and riddled by roots. An angular erosional unconformity
separates this member from underlying Karai Formation.

Karai

Odiyam sandy clay

Siltyclays and sandy clays with abundant ammonites. Load structures and
syndepositional slump folds are frequently observed. Upper portion of this
member has localized pockets of fine sandstone along with ammonites. While
the lower contact is conformable with underlying member, upper contact is
erosional.

Gypsiferous clay

Unconsolidated deep marine clays and silty clays. These beds contain thick
population of belemnite rostrum and phosphate nodules. While a non-deposi-
tional unconformity surface separates this member from the underlying mem-
ber, upper contact is non-depositional and erosional. From south to north,
gradual reduction of thickness, population of belemnite and phosphate nodu-
les and frequency of gypsum layers are observed. Repetitive occurrences of
1-3 cm thick red and green colored clay layersthat can be traced for many
kilometers are ubiquitous.
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Table 2. continued.

Formation Member Facies characteristics

Fine-coarse sandstones with alternate medium to thick beds of silty clay, cal-
careous siltstones, bioclastic arenaceous limestone and gypsiferous clay. In
the southern region, these beds show recurrent bands of fining upward sequ-
ences of siliciclastics with calcareous cements. The intercalations are recur-
rent and show typical Bouma sequences, normal grading, load casts and
channel and scour structures. Towards northern regions, this member grades
to more silty and clayey, but gradation and gypsiferous bands are persistent
with an addition of ferruginous silty clay bands.

Dalmiapuram
Kallakkudi

Basinal silty clays and clays in which chaotic blocks are embedded. The beds
contain large blocks of angular and subrounded basement rocks, coralline
limestone blocks, claystones (lithoclasts of carbonates and greenish claysto-
nes typical of Karai Fm.) and lithoclasts of older conglomerates, etc. Towards
the top, deep marine clays grade into calcareous siltstone and include granitic
cobbles and minor amounts of siliciclastic sands.

Olaipadi

Pure algal and coral facies limestone beds that form reef core. Upper contact
of this member is a forced regression surface.

Dalmia

Limestone beds typical of reef flank biostromal beds deposited under high-
energy conditions. Thin to thick bedded, even to parallel, bioclastic limestone
beds that have drawn their detritus from reefs predominate. These beds are
found to be directly overlying the Grey shale member. The rocks show wack
stone to rudstone fabric and have clasts of redeposited boundstones.

Varagupadi

Grey shale beds with frequent thickening upward interbeds of fossiliferous
grey limestone and minor to significant admixture of silt sized siliciclastics.
Lower contact of this member is an unconformity surface associated with ma-
rine flooding and the upper contact is non-depositional and erosional.

Grey shale

White to brownish colored clay and argillaceous siltstone that show transition
from Kovandankurichchi member. Beds are massive to very thick in nature.
Lower contact of this member is non-depositional surface.

Terani Clay
Sivaganga

Grain supported coarsening upward cyclic beds (20-100cm thick each) of
very coarse sandstones that show parallel, even and thin to thick bedding.
Grains are well sorted within each lamina and show rounded-well rounded
shape. These represent recurrent sheet flow deposits probably in a sub-aque-
ous fan deltaic environment.

Kovandankurichchi

Recurrent fining upward sequences of lithoclastic conglomerates of fluviatile
and coastal marine environments. Lithoclasts are of gneissic basement rocks.
Rests over basement rocks with distinct erosional surface. Upper contact is a
non-depositional surface.

Basal conglomerate

Quaternary (F4 in Fig. 1). It is to be stated that, in addi-
tion to these major fault movements, there were minor
and local scale tectonic movements, namely across
Aptian—Albian boundary interval, during Cenomanian
(during the deposition of Olaipadi member), and during
Santonian (during the deposition of Varakuppai mem-
ber) all of which were confined only to adjustment of
fault blocks along the preexisted fault planes. There
exists a difference in trends of post Danian fault move-
ments (F4 in Fig.1) that have affected the Miocene to
Pliocene sandstones, Danian Limestones, and Maas-

trichtian deposits by folding, fracturing and faulting
(RaMKUMAR 2007). Enumeration of tectonic structures
and depositional history of the Cauvery Basin indicated
that after initial block faulting and inception of sedimen-
tation during Late Jurassic—Early Cretaceous, intensity
of tectonic control over sedimentation was diminutive
(PRABAKAR & ZUTCHI 1993; RAMKUMAR 1996; RAaM-
KUMAR et al. 2005a). WATKINSON et al. (2007) recog-
nized three major tectonic stages and resultant strati-
graphic groups for this basin; viz., syn-rift Gondwana
Group (Early Cretaceous), syn-rift Uttatur Group (Al-
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bian—Coniacian) and post-rift Ariyalur Group (Santo-
nian—Maastrichtian) and are in conformity with the
present observations.

Relative sea level fluctuations

Sedimentation in this basin took place in an epicon-
tinental sea and the bathymetry was at shallow — mod-
est levels (<50 m — as indicated by the linear curve in
Fig. 2) although variations from supratidal to basinal
levels were inferred. Based on the foraminifer data,
RaAJU & RAVINDRAN (1990) and RAJU et al. (1993) do-
cumented six 314 order cycles of glacio-eustatic ori-
gin. RAMKUMAR et al. (2004a) constructed a sea level
curve for this basin based on bathymetric trends of
lithofacies data, which is similar to the curves present-
ed by RAJU ef al. (1993) except that it additionally
recorded fourth and higher order sea level cycles (Fig.
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Fig. 2. Relative sea level fluctuations during Barremian-
Danian in the Cauvery basin (after RAMKUMAR et al.
2004a). Solid line curve is indicative of absolute values of
RSL; —- linear trend; ..... polynomial trend.

2). The global sea level peaks during 104 Ma (Ear-
ly—Late Albian), 93.7 Ma (£0.9; Middle to Late Ceno-
manian), 92.5 Ma (£1; Early to middle Turonian),
86.9 Ma (£0.5; Early to Late Coniacian), 85.5 Ma (£1;
Early to Late Santonian), 73 Ma (#1; Late Campa-
nian), 69.4 Ma (Early to Late Maastrichtian) and 63
Ma (£0.5; Early to middle Danian) were observed to
occur in this basin (RAaJU & RAVINDRAN, 1990; RAJU et
al. 1993; RAMKUMAR et al. 2004a). The 314 order cy-
cles are separated by type I sequence boundaries (re-
cognized through shift of shoreline crossing shelf
break as explicit in lithologic information, contact
relationship between strata, evidences of subaerial ex-
posure and erosion, advancement of fluvial channels
over former offshore regions, etc.). The period from
Barremian to Coniacian shows frequent occurrence of
sea level lows and highs that may be interpreted as
prevalent high frequency/higher order cycles. The
period from Coniacian to Danian shows sea level rise
and fall punctuated with lesser frequency of higher

order cycles. The sea level rise during Santonian—Ear-
ly Campanian shows steadily increasing pattern.

Geochemical characteristics

Geochemical elemental data having predominant
affiliation with detrital (Si, Ti, Zr), biogenic (Ca), and
tectonic processes (Y) and computed values of plagio-
clase alteration index (PIA) as climatic indicator were
plotted in stratigraphic profiles (Fig. 3). These profiles
depict the occurrences of inverse relationships between
detrital elements and biogenic element, six major
enrichment-depletion cycles coeval with 3td order sea
level cycles within which many high-frequency enrich-
ment-depletion cycles, significant change of the pattern
across Santonian, sudden positive excursions of Y dur-
ing Cenomanian and Santonian, and a major positive
excursion of PIA during Turonian—Coniacian.

Plotting few selected oxides percentages against
Al,O5 shows sympathetic nature of SiO,, TiO,, and
K,O, strongly anti-sympathetic nature of CaO, slightly
positive yet scattered nature of MgO and Na,O (Fig. 4).
The plot of Al,O; against CaO shows an interesting
phenomenon of distinctly recognizable twin clusters.
Other plots also show feebly recognizable but scattered
twin clusters. Textural discrimination of the samples
based on oxides percentages shows that most of the
samples fall in the texturally immature fields viz.,
litharenite, wacke, arkose, subarkose, and only very
few in the quartz arenite field (Fig. 5). Plotting the
Si0,—-Al,05*5-Ca0*2 in ternary diagrams that have
average shale, smectite, illite, kaolinite fields and
enrichment indicators of detrital (significant sediment
influx), biogenic (warm climate, sea level high), and
clay (significant weathering in the provenance) fields
show that all the samples fall either near siliciclastic or
biogenic fields (Fig. 6). Ternary plot of CN-A-K also
shows that most of the samples fall below the feldspar
join and only a few fall above the join (Fig. 7). Plot of
the data in tectonic setting discriminant diagram (SiO,
Vs K,0/Na,0) shows that the samples fall in the Arec,
active continental margin and passive continental mar-
gin (Fig. 8) fields. The tectonic discrimination diagrams
of Si0, Vs K,0/Na,O and SiO,/Al,0; Vs Na,O/K,0
show interesting phenomenon of plot of Barremian—
—Santonian samples in the active continental margin
field, Campanian—Danian samples except few samples
of Kallamedu Formation (Late Maastrichtian) in passive
continental margin field and few samples of Kallamedu
and Ottakoil formations in the island arc field (Fig. 8).

Discussion

Geological events and Depositional cycles of
the Cauvery Basin

All along the western margin of the exposed area of
the basin, the Precambrian basement rocks show the
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Fig. 4. Bivariate diagrams showing relationships among elemental oxides. Note the uniform dispersal pattern among detri-
tal elemental oxides, distinct clustering of CaO and scattered yet recognizable similar clustering among other oxides. All
these may be indicative of the existence of either siliciclastic or carbonate dominated depositional system at a given time
period and climate-sea level fluctuation controlled nature of the depositional pattern.

occurrences of fault lines aligned NE-SW (F1 in Fig.
1; Plate 1.1) that mark the initial block faulting, per-
haps during Barremian. This faulting had resulted in

transgression and commencement of sedimentation of

the Sivaganga Formation. The basement rocks located
at west of the basin margin were severely eroded and
transported to the depocenter before inheriting alter-
ation and maturity and thus fresh, angular to sub-
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Fig. 5. Discriminant diagram showing textural maturity of the rocks studied. Note that most of the samples fall in the fields
of litharenite, wacke, arkose and subarkose suggestive of predominance of mechanical weathering, and subdued nature of
chemical weathering. Among these also, litharenite dominates, suggestive of recurrent erosion of basement as well as for-
mer marine regions and recycling of sediments. It also suggests sediment starved nature of the basin.
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Kaolinite
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Fig. 6. Discriminant diagram showing the absence of any
significant weathering as all the samples fall far below the
average shale discriminant line. In addition, the diagram
shows a grouping of the samples studied either with silici-
clastic or carbonate dominated nature, suggestive of the
predomination of relative sea level fluctuation controlled
nature of the depositional cycles/pattern.

angular basement rock boulder-cobble sized clasts
and feldspar pebbles typify this formation (Plate 1.2).
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Fig. 7. Discriminant diagram of CN-A-K showing the sub-
dued nature of chemical weathering. Note that most of the
samples fall below the feldspar join. Few samples of the
Dalmiapuram Foramtion, Karai Formation, Garudaman-
galam Formation, the Sillakkudi Formation are found
above this join, indicative of episodes of chemical weather-
ing too.

As the intensity of energy conditions reduced, sedi-
ment grain size also got reduced. Significant sedimen-
tation commenced with the establishment of fluvial
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field are of Barremian—Santonian while most of the samples in the Passive continental margin field are of Campanian-
Danian and the samples found in the Oceanic island arc are from the late Maastrichtian, particularly from the Kallamedu

and Ottakoil Formations.

source onland and submarine fan delta in the basin
(represented by the Kovandankurichchi sandstone
member). Gradation of this sandstone member into
deep marine claystone-siltstone member (Terani
member) indicates prevalence of stabilized environ-
mental conditions until the end of deposition of the
Terani member. It was brought to an end due to
renewed faulting introducing an angular unconformi-
ty associated with erosion and redeposition of older
sedimentary rocks.

The rejuvenated sedimentation was through deposi-
tion of shale and shale-limestone alternate beds of the
Grey shale member of the Dalmiapuram Formation.
The depocenter was partially and periodically closed,
while grey shale was deposited. Whenever open con-
ditions of sea circulation were prevalent, bioclastic
limestone beds were deposited. These limestone
interbeds show thickening upward character indicat-
ing increase in durations of openness of the sea that
culminated in the development of biostromal member
over the Grey shale member. The biostromal member
contains principally coral clasts and algal fragments
with varying proportions of bioclasts of bryozoa, bi-
valvia and gastropoda in addition to reef dwelling
microfauna. Siliciclastic admixture is significant to
minor in proportion and varies randomly. Beds of this
member are parallel, even to uneven, thin to thick and
have frequent erosional surfaces in between. All these
signify deposition in subtidal to storm weather wave
base regions under photic zone. Typical coral reef de-
posits developed over this member that moved gradu-
ally towards offshore regions owing to fall of sea

level. At the top of this biohermal limestone member,
major erosional surface associated with faulting (F2 in
Fig. 1; Plate 1.3, 1.4, 1.5) and regression is observed.

This faulting had exposed the subtidal-storm weath-
er wave base deposits to subaerial conditions that led to
karstification. It also paved way for the deposition of
the Olaipadi conglomerate member which contains
large boulders (many of which are more than 10 m in
diameter) of basement rocks, and lithoclasts of similar
size, drawn from underlying bioclastic and coral lime-
stone, Terani claystone and lithoclasts of older sedi-
mentary conglomerates, all embedded in basinal clay
sediments! Angular to sub rounded nature of the boul-
ders, presence of basement as well as lithoclasts of
older sedimentary rocks in basinal sediments clearly
indicate a major faulting event, creation of steep slope
and short distance of transportation. Presence of argilla-
ceous siltstone over these boulders with lamination par-
allel to the boulder boundaries indicates restoration of
normal depositional conditions and gradual increase of
sea level. A detailed facies and sequence analysis of
these deposits suggested (RAMKUMAR, 2008) the preva-
lence of turbiditic current controlled depositional pat-
tern coeval with seismicity related mechanical erosion
and gravity driven deposition that acted independently.
Deposition of argillaceous sediments was brought to an
end by rejuvenation of fluvial source resulting in influx
of coarse-finer clastics and suspended sediment load.
This new set of environmental conditions led to the
deposition of the Kallakkudi calcareous sandstone
member. This member is sandy in southern region and
clayey in northern region. Occurrence of recurrent
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Bouma sequences that always top with a gypsiferous
layer followed by an erosional surface and again by
another Bouma sequence in this member indicates de-
position under the influence of turbidity currents and
gradual facies change from near shore to deep sea. On
the whole, it could be interpreted that, deposition of this
member took place in a slowly sinking basin and/or
deposition with episodic sea level rise and fall coupled
with active fault block adjustment (in minor scale) after
major movement.

With due sinking of the coastal basin and/or sea
level rise, deep marine conditions were established
and thick pile of Karai Formation clays were deposit-
ed. Deposition of about 450 m thick clay alternated
with ferruginous silty clays and gypsiferous layers
suggests well developed fluvial system onland that
supplied suspended sediment load continuously to
deep marine regions. Thick population of belemnites,
silty admixture, alternate thin-thick lamina of ferrugi-
nous silty clay and gypsiferous clay bands are fre-
quent in the southern region indicative of deposition
also in shallower regions of paleosea. These shallow-
er regions were periodically exposed subaerially due
to minor sea level oscillations to produce evaporites.
The top surface of this formation is marked by a pro-
nounced erosional surface that suggests major regres-
sion at the end of the deposition. This erosional sur-
face is overlain immediately by subtidal-supratidal
ferruginous sandstones along with shell banks typical
of estuary and shell hash typical of shallow water
shoals/distributary mouth bars that represent Kulak-
kanattam and Grey sandstone members of the Garuda-
mangalam Formation. Together, their occurrences in-
dicate shoreline retreat and associated advancement of
fluvial system over former offshore areas. This infer-
ence is substantiated by sudden appearance of large
tree trunks in these sandstones. Although the bound-
ary between the Karai clays and the Kulakkanattam
sandstones is an erosional unconformity, presence of
conformable relationship and near parallel bedding
planes of rocks between them suggests simple sea
level variation and introduction of newer environmen-
tal conditions rather than fault controlled environmen-
tal change across the boundary. The deep-water con-
ditions were restored again in this part of the basin
with the introduction of deposition of the Anaipadi
sandstone member that shows gradual increase of sea
level. Break in sedimentation, probably influenced by
major regression was witnessed at the end of deposi-
tion of the Anaipadi sandstone member.

Renewed transgression initiated during the Middle
Santonian covered the regions located north and south
that were not transgressed previously. This wide-
spread transgression, associated with downwarping of
fault blocks, had submerged the coastal tracts up to
Pondicherry in the north resulting in generation of
Archaen—Santonian and Archaen—Campanian contact
(faultline located north of Kilpalur — refer F3 in Fig.

1; Plate 1.6, 1.7, 1.8, 1.9). This period was associated
with widespread erosion of basement rocks and older
sedimentary rocks and their redeposition in the newly
created depocenters. The Sillakkudi Formation of the
Ariyalur Group, which has been the product of this
widespread transgression, has three members. The
lowermost member is a fluvial unit and shows transi-
tion to deposition under marine influence towards top.
Major channels with a width of more than a kilometer
and 30 m deep that incised older sedimentary rocks
(Fig.1), were recognized in the field. The strata of this
member have reverse graded basement boulder and
lithoclastic conglomerates (Plate 1.6, 1.7, 1.8). They
also show large scale advancing cross beds (Plate
1.7), alternate with ferruginous sandstone foresets.
From the detailed facies and sequence analysis and
tectonic structural information recognized in the field,
RAMKUMAR et al. (2005a) interpreted overwhelming
influence of sea level fluctuations over the deposition-
al pattern, and continued seismicity influenced
mechanical erosion and gravity assisted fluvial trans-
port until the deposition of the Sadurbagam member.
Continued rise of sea level had submerged the flu-
vial/estuarine mouth sediments and deposition in sub-
tidal to intertidal environments occurred. This sea
level rise has been overwhelming and covered large
tracts of western part of the basin that remained posi-
tive since inception of the basin, as indicated by the
contact between Archaen—Varanavasi member of the
Sillakkudi Formation (Plate 1.9). Towards top, the
Varanavasi member shows frequent occurrences of
pebbly sandstone layers may be as a result of preva-
lent periodic higher energy conditions (RADULOVIC et
al. 2015) and/or seismic aftershocks, erosional sur-
faces and reworked fauna. Localized occurrences of
serpulid colonies at the top of this member indicate
cessation of sediment supply, reducing sea level,
reduced circulation and lower energy conditions. A
major erosional unconformity separates this forma-
tion from overlying Kallankurichchi Formation.

The renewed transgression during the Latest
Campanian—Early Maastrichtian was marked with
widespread erosion of basement rocks and older sedi-
mentary rocks. However, the size of the basement
boulders and lithoclasts of older sedimentaries in the
basal conglomerate member of this formation, rarely
exceed 30 cm and are more rounded than their older
counter parts. These clasts seem to be recycled from
older sedimentary rocks rather than sourced fresh
from basement rocks. Thus, the Kallar arenaceous
member has lithoclastic conglomerate deposits at its
base and rests over the Sillakkudi Formation (Plate
1.10) with distinct angular erosional unconformity.
Biohermal and biostromal deposits constitute the Kal-
lankurichchi Formation and denote cessation of San-
tonian-Campanian fluvial sediment supply. As the ini-
tial marine flooding started to wane out, the deposits
show reduction in proportion and size of siliciclastics
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that were increasingly replaced by gryphea colonies.
As the sea level was gradually increasing, the gryphea
bank shifted towards shallower regions and the loca-
tions previously occupied by coastal conglomerate
became middle shelf wherein typical inoceramus li-
mestone started developing. Break in sedimentation of
this member was associated with regression of sea level
that had transformed the middle - outer shelf regions
into intertidal - fair weather wave base regions.

These newer depositional conditions resulted in
erosion of shell banks and middle shelf deposits and
redeposition of them into biostromal deposits (Tan-
cem biostromal member). As the energy conditions
were high and deposition took place in shallower
regions, frequent non-depositional and erosional sur-
faces, punctuated with cross bedded carbonate sand
beds and tidal channel grainstones and storm deposits
with hummocky cross stratification were deposited.
Again, the sea level rose to create marine flooding
surface and as a result of which, gryphea shell banks
started developing more widely than before that rep-
resent the Srinivasapuram gryphean limestone mem-
ber. Towards top of this member, shell fragments and
minor amounts of siliciclastics are observed that indi-
cate onset of regression and associated introduction of
higher energy conditions and detrital influx. The
occurrence of non-depositional surface at the top of
this formation and deposition of shallow marine sili-
ciclastics (Ottakoil Formation) in a restricted region
immediately over the predominantly carbonate
depocenter and conformable offlap of much younger
fluvial sand deposits (Kallamedu Formation) are all
suggestive of gradual regression associated with re-
establishment of fluvial system (Plate 1.11) at the end
of Cretaceous Period. Towards top of the Kallamedu
Formation, paleosols are recorded implying abandon-
ment of river system and restoration of continental
conditions at the end of the Cretaceous Period.

At the beginning of Danian, transgression took place
that covered only the eastern part of the Kallamedu
Formation. Presence of conformable contact between
the Anandavadi member and the Kallamedu Formation
and initiation of carbonate deposition from the begin-
ning of Danian are indicative of absence of any major
tectonic activity and fluvial sediment supply at this
time. Increase in sea level and establishment of shal-
low, wide shelf with open circulation paved way for the
deposition of the Periyakurichchi member with cyclic
marl-limestone couplets (Plate 1.12). At the top, this
member has distinct erosional unconformity, which in
turn, when interpreted along with the presence of huge
thickness of continental sandstone (>4000 m thick
Miocene—Pliocene Cuddalore sandstone Formation),
indicates restoration of continental conditions in this
basin. Absence of any other marine strata over the
Cuddalore sandstone Formation suggests that the sea
regressed at the end of Danian had never returned to
this part of the Cauvery Basin.

The depositional cycles in the light of lithofacies
characteristics (table 2) and succession (table 1) and
geological events described above are summarized in
the table 3. From these tables, it follows that, under
favorable climatic and other conditions, significant in-
flux of detrital materials (either with or without chem-
ical weathering in the provenance area) to the depo-
sitional basin and resultant reduction in carbonate ac-
cumulation during sea level lowstands and converse-
ly, reduction of detrital influx owing to the limited
availability of terrestrial areas, shortening and/or
drowning of fluvial channels and significant carbon-
ate accumulation during sea level highstands, which
are considered to be the fundamental processes of
sequence development were in operation in this basin
for the whole of its depositional history except during
the major tectonic events. From the tables 2 and 3, it
could also be observed that at each change (either tec-
tonic or sea level fluctuation), there were significant
erosion (either the provenance area or former marine
regions or both) and sediment recycling events, that
have removed former sedimentary records partially or
completely and obliterated the depositional continuum.

The sedimentation system is dominated by cyclic
processes that operate on a hierarchy of temporal and
spatial scales on which short-lived events are super-
imposed (VEIZER ef al. 1997). As a consequence, only
a net result of cycles and events could be recognized
in rock records. Cyclic sedimentation has been docu-
mented in several sedimentary basins and there are
many lines of evidences that relate those cycles to
short-term (Milankovitch band) glacio-eustatic pulses
(GRAMMER et al. 1996). At this juncture, report of
occurrences of all the six global sea level peaks of
eustatic in origin, occurrences of 100% distinct six
chemozones (RAMKUMAR et al. 2010b, 2011) in tune
with third order sea level cycles, pristine nature of
geochemical characteristics of the rocks (RAMKUMAR
et al. 20006) are all suggestive of predominance of cli-
mate-sea level cycle controlled depositional pattern in
this basin. However, the major faulting during Bar-
remian and reactivation of faults during depositional
history, as observed from field and lithofacies charac-
teristics necessitates examining the impact of these
events over the depositional system.

Relative influences of tectonics and sea level
fluctuations over the depositional cycles

The general knowledge about a geochemical system
allows establishing a definite number of processes go-
verning the sedimentary system namely, the redox con-
ditions, detrital input, changes in provenance and quan-
tum of sediment influx and climate, etc, (PINTO ef al
2004; MONTERO-SERRANO et al. 2010). The occurrences
of inverse relationships between the Si, Ti, Zr and Ca,
(Fig. 3), when corroborated with the lithofacies alterna-
tions between siliciclastics and carbonates (table 2) and
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Table 3. Geological events of the Cauvery Basin as inferred from the exposed area.

EVENTS

<¢——« Continental deposition, tropic climate

~~~~~~~~~~~~~ <€¢—=« Total regression, sequence boundary

«Marine flooding

~~~~~~~~~~~~~ ~<«——=«Major transgression, K-T boundary
~~~~~~~~~~~~~ <€—«Total regression

~~~~~~~~~~~~~ <«—«Secalevel fall, cessasion of carbonate deposition

Marine flooding
«Regression, tidal channel & storm deposits

«Marine flooding

~~~~~~~~~~~~~ <€«——«Sequence boundary, regression & transgression

«Marine flooding

«Transgression

Varakuppai lithoclastic conglomerate Mbr. <«——«Fluvial, estuarine & coastal deposition
~~~~~~~~~~~~~ <«——«Faulting, regression, sequence boundary

Marine flooding

Regression

~~~~~~~~~~~~~ <€—«Major sequence boundary, regression

Sealevel fall, fluvial influx increase

~~~~~~~~~~~~~ <«——«Major flooding surface

« Gradual sealevel fall

Faulting, erosion, resedimentation
Marine flooding and slow fall

Varagupadi biostromal L.st. Mbr. ~ «Sealevel rise & open marine conditions

«Periodic Restricted marine sedimentation

N N N N N U R N R Unconformity ~ ~ ~ ~ ~ ~~~r~~~n~ Hchuencc boundary, faulting. erosion

«Severe continental weathering, facies variation

Erosional unconformity, flooding

AGE FORMATION MEMBER
o[ Mio-Pliocene [ Cuddalore S.st. Fm.
H e Unconformity
£| Danian Periyakurichchi biostromal Mbr.
& Niniyur Fm. Anandavadi arenaceous Mbr.
— —~ e~~~ S~~~ S~~~ S~~~ e~~~ Unconformity
Kallamedu Fm.
~~~~~~~~~~~~~~~~~~ Unconformity
Maastrichtian Ottakoil Fm.
~~~~~~~~~~~~~~~~~~ Unconformity
Srinivasapuram gryphean L.st. Mbr.
Kallankurichchi Fm Tancem biostromal Mbr,
" Kattupiringiyam inocqﬁnus L.st. Mbr.
3 I Kallar arenaceous Mbr.
¥ Campanian | ~ oS S S S S~ Unconformity
g Varanavasi S.st. Mbr,
S | Sillakkudi Fm. Sadurbagam pebbly S.st. Mbr._
% | Santonian
= . [ e e e Unconformity
| Coniacian Anaipadi S.st. Mbr.
| Garudamangalam Fm. Grey S.st. Mbr.
Turonian Kulakkanattam S.st. Mbr.
~~~~~~~~~~~~~~~~~~ Unconformity
| Karai Fm. Odiyam sandy clay Mbr,
Gypsiferous clay Mbr.
Cenomanian | ~~~ s s s s Unconformity
Kallakkudi calcareous S.st. Mbr.
| | Olaipadi conglomerate Mbr.
2 Dalmiapuram Fm. Dalmia biohermal L.st. Mbr. <
S| Albian
& Grey shale Mbr. <—
@
b
O |  Aptian Terani clay Mbr.
§ Sivaganga Fm. Kovandankurichchi S.st. Mbr.
3 Barremian B Basal conglomerate Mbr.

Archaen granitic gneiss

their synchronicity with sea level lows and highs respec-
tively (Fig. 2), allow interpretation of sea level con-
trolled depositional pattern in this basin. Decrease in Si
and many metals typical of heavy minerals are observed
from these profiles (Fig. 3) and can be interpreted as the
result of transgressions (HILD & BRUMSACK, 1998).
Similarly, the reduction of Ca content is found to be as-
sociated with regressions. As could be observed else-
where (RACHOLD & BRUMSACK, 2001; HOFMANN ef al.
2001; BouLiLA ef al. 2010), whenever siliciclastic dep-
osition ceased, carbonate deposition was initiated
(WARZESKI ef al. 1996) in this basin. From the Falcon
Basin, northwestern Venezuela, MONTERO-SERRANO et
al. (2010) reported similar geochemical elemental gro-
uping in terms of either detrital or carbonate as a result
of siliciclastic-carbonate lithofacies alternations. SARG
(1988) observed that, sedimentary basins starve for de-
trital sediments during high stands that lead to develop-
ment of carbonates. A recent review of previously pub-
lished information on evolutionary stages and sequence
development in the Cauvery Basin (KALE 2011) suggest-
ed the availability of larger accommodation space than
the sediment influx all through its evolutionary history. It
also means that there might be climatic control over the
observed lithofacies-geochemical grouping alternations.

I L e m~ e~~~ Unconformity

~~~~~~~~~~~~~ <¢—Initial block faulting, sequence boundary

RUFFEL & RAWSON (1994) and SOREGHAN (1997)
opined that dry periods might cause a deficit in detri-
tal supply and favor deposition of carbonates. It sup-
ports the interpretation of occurrences of sea level
highstands during interglacial periods (warmer than
glacial periods) and resultant general aridity and dep-
rivation of clastic sediment supply. The glacial peri-
ods promote enhanced terrigenous supply to the
depocenters in view of shelf erosion (KAMPSCHULTE et
al. 2001) and fluvial system advancement (SARG,
1988; CARTER et al. 1991). Occurrences of paleochan-
nel courses (Fig. 1) and their association with silici-
clastic deposits, erosion during the periods of lower
sea level, influenced also by the proximity to source
rocks and adequate slope could be inferred from the
configuration of the Cauvery Basin. Occurrences of
unaltered lithoclasts and feldspar clasts in rocks that
immediately follow regressive surfaces also suggest
the prevalent mechanical erosion, rapid and short
duration of transport and quick burial. Such rapid
physical erosion and textural immaturity of ensuing
sediments could have produced the co-variation of Si
and other elements associated with quartz, feldspar
and other silicates. Based on the occurrences of all the
six global sea level peaks, recognized independently
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through foraminifer (RAJU & RAVINDRAN, 1990; RAjU
et al. 1993) and geochemical data (RAMKUMAR et al.
2005b; 2010b; 2011), influence of climate controlled
eustatic sea level changes, over the depositional pat-
tern of the basin is affirmed.

The element Y shows a peculiar polynomial peak
across Aptian—Albian boundary (Fig. 3), subdued na-
ture during most of the successive period until latter
part of middle Albian and gradual increase then
onward, a significant peak during Coniacian and
finally a gradual decrease. In magnitude and scale, it
mimics Zr (Fig. 3). As the element Y undergoes little
or no diagenetic alterations (ANDREW et al. 1996; DAS
1997; PINTO et al. 2004; MONTERO-SERRANO et al.
2010), presence of its short and significantly promi-
nent peaks exactly coinciding faulting events (Fig. 1)
and associated change in sedimentation pattern (Table
2) indicates influx of Y immediately after major tec-
tonic movements and resultant change in nature,
quantum and composition of detrital influx into the
basin. Sedimentation pattern and nature of sediments
of the periods between Barremian—Coniacian and
Santonian—Danian were different and are reflected in
the patterns of Y and Zr during these two time spans.
The differences between these elements in terms of
temporal resolution may be a consequence of their
differential response (WHITFORD ef al. 1996) to preva-
lent depositional environmental conditions as enfor-
ced/introduced by the major tectonic event. DUBICKA
et al. (2014) also observed significant changes in
environmental conditions due to Subhercynian tecton-
ic movements in Ukrine during Coniacian—Santonian.
Enrichment of these elements up to Coniacian and
their subdued nature after Coniacian could be attrib-
uted to the changes brought in by major tectonic activ-
ity occurred during Santonian, across which signifi-
cant changes in proximity of sediment source and
nature and quantum of detrital influx were witnessed
(SuNDARAM & RAO, 1986).

The abundance of Zr in clastic rocks was interpret-
ed to be the result of detrital influx as well as sediment
recycling (SPALLETTI et al. 2008). Occurrences of gen-
erally higher levels of Zr all through the Barremi-
an—Danian with the exception of latest Campa-
nian—middle Maastrichtian (Kallankurichchi Formati-
on) and many episodes of positive excursions over
this general trend suggest sediment starved nature of
the basin and significant recycling of older sedimen-
tary rocks. Ti and Zr are generally assumed to repre-
sent detrital inputs into a sedimentary basin and their
variations should be related with changes in weather-
ing conditions in the hinterland or changes of prove-
nance (BELLANCA et al. 2002). Zr and Ti are consid-
ered to be effective in discriminating volcanoclastic
sediments and also sediments of different diagenetic
and tectonic histories (ANDREOZZI et al. 1997).
Zirconium is mostly concentrated in zircons, which
accumulate during sedimentation while less resistant

phases are preferentially destroyed (ALVAREZ &
ROSER, 2007). Peak enrichments of Zr during middle
Cenomanian (Gypsiferous clay member), latest Ceno-
manian (Odium member), middle Campanian (Vara-
kuppai member), middle-late Maastrichtian (Ottakoil
Formation), early Danian (Anandavadi member) are
observed and interpreted as the durations of influx and
cessation of terrigenous materials which in turn might
have been controlled by variations in source area
weathering and/or a change from more humid to more
arid conditions or tectonic movements (MUNNECKE &
WESTPHAL, 2004). SANDULLI & RaspINI (2004) inter-
preted the elemental cycles as the precession and
obliquity periodicities, the bundles and superbundles
into short and long eccentricity cycles and similar
inference could be made to the rocks under study.
The source area consists of granitic gneisses in low
lying plains and massive hills of charnockite. These
rocks consist of very coarse grained plagioclase,
smaller grains of quartz, hypersthene, and amphibole
as major minerals, magnetite, garnet, and biotite as
minor minerals and zircon, rutile and apatite as acces-
sory phases (SHARMA & Rajamani, 2001). Cutting
across the granitic gneiss, pegmatite veins composed
of large to very large feldspar crystals (at places rang-
ing upto many tens of centimeters) occur frequently.
The nature and extent of source rock weathering,
physical sorting during transport and environmental
conditions during deposition at the depocenters exert
significant control over sediment geochemistry
(SHARMA & RaJamaNL, 2001). The samples under
study show that the period from Cenomanian—Co-
niacian have very high PIA values with a peak value
during middle Turonian meaning that the plagioclase
was almost totally destroyed by source area weather-
ing during Cenomanian—Coniacian and during other
periods, there was no such wholesome alteration. This
observation, when compared with the conditions of
chemical weathering at lower latitudes listed by
Boucor & GRrey (2001), and with paleogeographic
location of the Cauvery Basin in the lower latitudes
during Barremian—Maastrichtian, limited extent of the
provenance and the configurations of the depositional
basin and provenance, support the inference of weak-
er chemical weathering. SINGH & RajamaNI (2001)
studied the floodplain sediments of the modern (pres-
ent day) Kaveri River and observed striking similari-
ty of trace elemental and REE patterns between the
rocks of the source area and the modern floodplain
sediments. SHARMA & Rajamant (2000) reported
weaker chemical weathering, exposure of fresh unal-
tered rocks in the provenance and interpreted these
phenomena as the result of continued tectonic move-
ments, due to which, only limited weathering profiles
are exposed at the provenance. Taking clue from this,
occurrences of unaltered basement rock clasts in rocks
deposited during Barremian, Cenomanian, Apti-
an—Albian, Coniacian—Santonian, are interpreted as
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the durations of tectonic activity in this basin. These
durations are also accompanied by significant positive
excursions of Si, Ti, Zr and Y. This inference necessi-
tates checking the consistency and dynamism of
provenance and tectonic setting of these rocks.

The geochemical characteristics of clastic rocks have
been used to decipher the provenance (TAYLOR &
MCLENNAN 1985; PINTO et al. 2004). The SiO,/Al,04
ratio is sensitive to sediment recycling and the weather-
ing process and can be used as an indicator of sediment
maturity (ROSER & KorscH, 1986). The average
Si0,/Al,0; ratios in unaltered igneous rocks range from
~3.0 (basic) to ~5.0 (acidic), while values >5.0-6.0 in
sediments are an indication of progressive maturity (Ro-
SER et al. 1996). Examination of the rocks under study
in the light of these precepts and by plotting the data in
established discrimination diagrams of textural maturi-
ty, and tectonic setting have revealed the following.

The plots of two distinct clusters in the bivariate
diagrams of oxide percentages (Fig. 4), most of the
samples in the texturally immature fields (Fig. 5)
namely, (litharenite, wacke, arkose, subarkose etc), all
the samples below the average shale discriminant line,
existence of two-cluster nature (Fig. 6), all the sam-
ples below the feldspar join together with selective
samples of Dalmiapuram, Karai, Garudamangalam
and Sillakkudi formations above the feldspar join
(Fig. 7) are all supportive of the inferences of limited
extent of provenance, proximity to provenance, sedi-
ment starved nature of the sedimentary basin, preva-
lence of less significant chemical weathering, and pre-
domination of siliciclastic-carbonate alternate cycles
under the influences of relative sea level fluctuations.

The Indian subcontinent was located at the southern
latitudes during the deposition of the Ottakoil and
Kallamedu formations (RAI ef al. 2012). The studies of
LAL et al. (2009), KALE (2011), CHATTERIJEE et al.
(2013), have shown that the Indian subcontinent was on
a flight at various rates and directions since its breakup
from Africa-Antartica and was above the Reunion
hotspot (MORGAN 1981; SHETH & CHANDRASEKHARAM
1997; CHATTERIEE et al. 2013) or the Vishnu Fracture
(SHETH 1999) during the late Cretaceous. The present
observations of plot of Barremian—Santonian samples
in the active continental margin field, Campanian-
Danian samples in the passive continental margin field
and plot of few samples of Ottakoil and Kallamedu for-
mations (Late Maastrichtian) in the island arc field
(Fig. 8) are all supportive of changing palaeogeograph-
ic positions and tectonic dynamism of the Indian plate.
The change of depositional pattern across Santonian as
indicated by lithofacies and geochemical characteris-
tics are also supported by the change of tectonic setting
across Santonian (from active to passive continental
margin), suggestive of the sensitivity of geochemical
parameters to climate-sea level fluctuations, tectonic
movements, rates of sediment influx and chemical
weathering.

The recognition of island arc setting in the sedi-
mentary records of the Kallamedu Formation is im-
portant from the point of Cretaceous—Tertiary transi-
tional environmental conditions in this part of the
country. Though previous studies have either pre-
sumed or suggested the influence of Deccan volcan-
ism and the presence of vitrified volcanic ash deposits
in this formation, due to the inherent lithological char-
acteristics (thin lamina of fine grained and also diage-
netically altered sediments amidst coarse, recycled
sediments of varying bed thicknesses which in turn
were cut across by calcrete and silcrete veins), and
scattered and weathered nature of the exposures, usu-
ally thwarted characterizing these deposits so far. This
is the first time, the affinity of argillaceous siltstone
beds of the Kallamedu Formation are unequivocally
affiliated with volcanogenic sediment source. ANDRE-
0zz1 et al. (1997) commented that distinctive beds,
particularly volcaniclastic layers which may be useful
for stratigraphic and environmental reconstruction,
may escape field identification because their recogni-
tion generally depends on a marked lithological con-
trast with the surrounding sediments. Because of sev-
eral factors such as fine grain size, intense diagenetic
modifications, and selective weathering may hinder
their identification. This statement stands true to the
case of Kallamedu Formation.

Conclusions

The Barremian-Danian strata of the Cauvery Basin
record all the six third order sea level cycles within
which many high-frequency cycles could be recog-
nized. These are reflected in the lithofacies and
enrichment-depletion patterns of sensitive geochemi-
cal proxies.

The northward flight of the Indian subcontinent, in
which the Cauvery Basin is located has experienced
active and passive nature of the tectonic setting and
passed through active volcanic plume, all of which are
explicitly shown by the geochemical characteristics of
the rocks contained in the Cauvery Basin.

The depositional system was under the predomi-
nant influence of climate-sea level fluctuations de-
spite the recurrent major tectonic movements of fault
blocks. Few of the tectonic fault movements have
coincided with sequence boundaries (Barremian,
Aptian—Albian, Coniacian—Santonian, Maastrichti-
an—Danian) and may have contributed to exacerbation
of sea level cycles, particularly during the deposition
of the Olaipadi, Varakuppai and Sadurbagam mem-
bers. Thus, the present study supports the influence of
tectonics, to the development of third order cycles of
depositional system.

The predominance of mechanical weathering,
prevalence of insignificant chemical weathering of the
source rocks as indicated by textural immaturity and
the occurrences of high-frequency cycles in the
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Barremian—Coniacian deposits that have experienced
syndepositional tectonic events and the prevalence of
relatively stable environmental conditions during the
period of tectonic quiescence (Campanian—Danian)
are all suggestive of dominant role played by climate-
relative sea level fluctuations.

While the recurrent sediment recycling events sug-
gest reduced rates of subsidence (BUCHBINDER ef al.
2000), the predominance of textural immaturity and
mechanical erosion suggest dynamic nature of tecton-
ism (SHARMA & RajaMANI, 2000) suggesting the exis-
tences of balance between eustatic sea level fluctua-
tions by tectonic events.
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Pe3nme

Pacno3znaBame usmel)y akruBHe
TEeKTOHHUKE, (pa3a MUPOBaKka U IUKJIYCA
peJIaTUBHOT HHBOA Mopa Tpeher pexa y
KayBepu 0aceny, jy:kna Unauja

Teopuja 0 CeKBEeHIIMOHOM DPa3BOjy AehUHUIIE ce-
TUMEHTHU CHCTEM KOjU Ce Haja3W IOJ yTUIajeM de-
THPH IVIaBHE TPOMEHLHBE BPEITHOCTH, a TO CY TEKTOH-
CKO TOHCH-E, TII00aTHAa eycTaThdka MPOMEHa HHUBOA
MoOpa, KOJMYHMHA TIPUHOCA CEUMEeHaTa U KnMa. Y3a-
CTOIIHA WCTpakKMBama Cy IOKa3zaja aa MOjeaHHe
CeMMEHTHE CEKBEHIIE MOTy OWTH IOBE3aHe ca IH-
KITycHMa MpoOMeHa HHBOa Mopa Ha MunankoBrheBoj
CKalli M TO J0 CexMor cremeHa. Mmak, mocroje m3-
BEITajH KOjU TIOKYMEHTY]y T0jaBJbHBAKHE CENUMEHT-
HHX 3aIHCa TUIIMYHUX 32 BUCOKO (PPEKBEHTHE LIUKITY-
ce KOjU Cy JETIOHOBAHM IOJ IPUMapHOM KOHTPOJIOM
TEKTOHHUKE, MaJia TTOCTOjU CyMHba BE3aHa 3a CTEICH

O] KOjJUM TEKTOHCKH TMOKPETH MOTY Ja UMHUTHPA]Y
BHCOKO (ppekBeHTHe IuKiIyce. Tako ja murame Koje
ce OJHOCH Ha 3Ha4yaj KOje MMajy TEKTOHHKa M KOJje-
0ama HIBOA MOpa Ha JIETIO3UIIMOHE 00pasIle OCTaje Ta-
MO TJIe j€ MMPAKTUIHO U 3all0YeTO Ka/ia Cy TpeaIoKeHH
KOHIIETITH CeKBEHIMOHe cTparurpaduje. Takohe ce mo-
CTaBJhba W TNUTAFkE€ OCHOBHUX IPHUHIMIEA y TPUMEHU
CEeKBEHIMOHE W xeMmoctparurpaduje. TpeHyTHO je on
KJBYYHOT 3Ha4aja yKa3aTd Ha TPOOJIEM Pa3lIUKOBamba
OJIBOjEHOT yTHIIdja TEKTOHUKE U PENaTUBHOT KojeOama
HUBOA MOpPA y CEIMMEHTHOM 3aIliCy.

Kaysepu GaceH ce Hanaszu y jyxHoM neny MHmmj-
CKOT' TIOJTyOCTPBA M CaJpKH TOTOBO KOMIUIETaH CTpa-
TUrpad)CKA 3aImic 3a WHTepBan OapeM—maHuaH. [{oca-
JAITBIM UCTPKUBAbAMa HM3BOJEHO je IIeCT XeMo-
30Ha Koje cy MelycoOHO pa3iBojeHe CEKBEHIIHOHNM
rpaHuiamMa TUma | ¥ ocTalmM MOBpIIAMA KOj€ CY KO-
penaTuBHE ca MUKITyCUMa Tpeher peza, Koju ce cacToje
Ol BHUCOKO(PEKBEHTHHX LHKIyCca Ca BEPOBATHUM
uaTepBamuma ox 104 mo 106 rommma. IIpema Tome,
Kaysepn Oacen moxe ma Oyame MecTo 3a TEeCTHpame
YTHIIaja TEKTOHUKE U Bapupamka HUBOA MOpa.

Crparurpadcky 3amuc je pe3yirar er3oreHor CH-
cTeMa Koj je mofpeleH TeoIOmKUM yCIIOBIMA, KOJIe-
OamMMa HHBOAa MOpa W TMPOMEHaMa TEO0XEeMH]jCKHX
peaknuja u3mel)y Mopa, KorHa 1 KIuMe. Y3uMmajyhu y
003up /2 je TeoxeMuja ceMMeHaTa BepOJOCTOjaH I0-
KazaTeJb TMOpeKyIa CeTUMEHaTa, TEeKTOHCKHUX U Iajeo-
KITUMaTCKUX YCIJIOBA, OBaj pajJ IMOKYIIaBa Jla MOjacHH
TUHAMHUKY ITOPEKJIa, TEKTOHCKUX OTHOCAa M TpOMEHe
HuUBoa Mopa y KayBepum OaceHy, y3 MOKyIlaj na WX
pacuiiaHu TOMOhy TeoXxeMHjcKux MeToa. M3BpiieHo je
CHCTEMAaTCKo KapTupame y pazmepu 1 : 50 000 koje je
00aBJBEHO Ha JIECET MONPEeYHNX Mpoduiia Ha Kojuma je
orrcaHo W y3opkoBano 308 mokammrera. Ha cBakoj
JIOKAIjH W Y3OyX Tpodria 3abenexeHe cy wHboOp-
Marmje o autodarjamMa, OMHOCH Ha KOHTaKTHMa, Ce-
TVMEHTAIMOHE M TEKTOHCKE CTPYKTYpe W T0jaBJbH-
Bamke 3ajelHUIA Mera- U MXHOpocwWIa. YKIbYUEeHO je
neduHUCamhe THUIICKUX MpoQmIIa, MPETO3HABAKBE CEK-
BEHIIMOHUX cTparurpadckux mnospmuHa (u3Mely
cemaM THIIOBAa TIOBPIIH) W HHHXOBO NeUHHUCAE Y
OKBHPY CEKBEHIIMOHHMX TpaHumna. HakoH Tora je
M3BPIIIEHO TTOBE3MBAE Ca HEKUM Of] YeTupu foralaja
nuKITyca 0a3HOT HHUBOA, a 3aTHUM ca OHJIO KOjOM Off TPH
cucTeMcKe Tpyne (YCIOBJEHA perpecuja, HOpMajHa
perpecuja u TpaHCTpecHja).

OBako pa3BHjeH CEKBEHIIMOHW MOJET je paHHje
mpezacTaBbeH. Ha 0CHOBY TepeHCKHX ImojaTaka Hadu-
BEeH je IEeNOBUT cTparurpadcku mpodun OapeMcKo-
JMAHCKUX TBOPEBHHA MITO je oMmoryhmiuo m3dop 157
y30paKa CTeHa 3a aHaJIN3y cacTaBa PETKUX eJeMeHara.
On nomenytux 157 mpo6a, 70 je M31BOjeHO paay Jajbe
aHanmse myteM XP® 3a ogpernjuBame cactaBa IIaBHUX
enemeHara. Taxohe cy m3BpmieHe u merporpadcka u
MHHEpAJIONTKa aHanu3a Ha 157 mpoba, a Ha 70 u3Bp-
IIIeHa je aHaii3a MUHEPaJIHOT cacTaBa IMHA. |eoxe-
MUJUCKH TIOAAN Cy pa3MaTpaHH 3ajeHO ca CTpaTH-
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rpadckuM BapujandjaMa, 3aTUM Cy TIpHKa3aHH Ha yc-
MOCTaBJbEHUM [IMjarpaMUMa Pa3BPCTaBamba, Y3MMajy-
hu y 003up ycioBe MOBPIIMHCKOT Pacnajiamba MITo je
CBE 3ajeIHO MOTBPAMIIO IIaBHE reoiomike porahaje.
IMopeheme cBUX OBUX moOmaraka Kao U MyOJIHKO-
BaHM PaJIOBH J03BOJbABAjy Ja CE OBE MPOMEHE 00-
jacHe MOPEKJIOM, TEKTOHCKMM YCJIOBHMa M KoyeOa-
BEM HHBOa MOpa, a Takohe je HWHTepIpeTUpaH M
MPOIMCKYTOBAaH W pENAaTHBHHU YTUIQ] Pa3IHYUTHX
nporieca. Pesynraru mokasyjy Ja je JCHO3HIIMOHH
cucrem KyaBepu OaceHa OMO 1O JOMUHAHTHUM yTH-
1ajeM Kkojicbama HHBOAa MOpPa Y3POKOBAHOT KIIMMOM,
YIPKOC 3HAYAjHUM MEPHOJMYHUM KpETambuMa pace-
HYTHX OyokoBa. Hekolnko paceIHHX TEKTOHCKUX
MOKpeTa BPEMEHCKH C€ TOKJIANajy ca CeKBEHIIMOHHM
rpanuiama (Tokom Oapema, anT—aj0a, KOHUjaK—CaH-
TOHA, MAaCTPUXT-JaHMAaHA) U MOIIU Cy JONPUHETH

[Momai HM3HEIICHH OBOM TMPHIMKOM MOAPKABajy
yTHIId] TEKTOHHKE Ha pa3Boj IMKiyca tpeher pena
JICTIO3HUIIOHOT CUCTEMa. YYeCTal0CT MEXaHUIKOT pa-
Crajiama, 3aHeMapJbUBO XEMHjCKO pachaambe MaTHd-
HHUX CTCHA Ha IITa yKa3dyje He3peJOoCT TEeKCTypa, Mo-
jaBe BHCOKO(PEKBEHTHUX IHKITyca y OapeMCKO-KOHHU-
KayKMM Hacllarama Koje Cy MpOIUIe Kpo3 CHHIE-
MO3UIMOHE TEKTOHCKe jaorahaje ka0 U MOCTOjaHOCT
CTa0MJIHOCTH CpEJMHE TOKOM IIepHOJa TEKTOHCKOT
MUpOBama (KaMIaH—JaHWaH) 3ajelHO MOTBPhYjy
[JIAaBHY YJIOTY KJIMME Yy KojieOamy pelaTuBHOI HUBOA
Mopa. Mako mojaBe y3acTomHe Tpepaje CeIuMeHara
yKa3yjy Ha HHU3aK CTENeH TOHbCHha, y4eCTaloCT
HE3PENIOCTH TEKCTypa M MEXaHW4Ka epo3Hja MOry
03HaYaBaTH JUHAMUYHY TPUPOAY TEKTOHCKHX IPO-
1eca U MoCTojame YPaBHOTEKEHE MPOMEHE €yCTaTH-
YKOT' HUBOA MOpa YCJe] TeKTOHCKUX Jiorahaja.

nopemehajy IIMKITyca HUBOA MOpa.
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Plate 1

Intensively fractured and weathered nature of the basement rock. All along the basin margin, the basement rocks located in the vicinity of the
F1 fault lines (Fig. 1) show such characteristics. Location of the photograph: Near Kalpalayam village north of Uttatur.

Lithoclastic conglomerates of the Sivaganga Formation containing angular, cobble-bounder sized basement clasts. Note the random orientation
and fresh nature of the clasts and the unsorted calcareous matrix with fossil fragments.

Large (>2 m dia) boulders found embedded in the Olaipadi member. The boulders are of basement rocks (dark grey colored boulder at the bot-
tom right of the photograph) and typical coral reef limestones (light yellowish pink colored boulder at the bottom centre of the photograph) and
show angular nature. Angular nature of the clasts suggests little or no significant transportation. Fresh nature of these clasts suggests mechani-
cal erosion, rapid transport, immediate burial and faster rate of deposition. These are embedded in parallel bedded Bouma sequences. The bed-
ding planes of individual Bouma sequences follow the periphery of these large clasts and suggest syndepositional tectonic activity and erosion
of basement as well as former marine regions. Location of the photograph: Quarry section located near Tirupattur.

Field photograph showing large (>10 m dia) angular limestone boulder embedded in the Bouma sequences. Note that the bedding planes of the
Bouma sequences follow the boundary surface of the clast signifying syndepositional tectonic event that might have eroded the coral reef locat-
ed at fault margin en masse and dumped it at the adjacently located deeper regions of the basin wherein typical Bouma sequences were being
deposited under the influence of turbidity currents. Location of the photograph: Quarry section located near Tirupattur.

Close-up view of the coralalgal reef facies limestone boulder found embedded in the Bouma sequences. It is to be noted that these constitute
typical reef-core and are not at all found anywhere in the basin, signifying, their development only in the former offshore regions of the pale-
osea, complete denudation during the syndepositional tectonic movements.

Erosional and angular unconformity surface contact between the Odiyam sandyclay member (Early Turonian) of the Karai Formation and the
Varakuppai member (Santonian) of the Sillakkudi Formation (Santonian) exposed at northwest of Varakuppai Village. The intervening
Garudamangalam Formation is entirely either eroded and or missing. The major faulting across Coniacian-Santonian had brought down the pre-
viously positive areas under the influence of marine forces and the event was accompanied by intense erosion of continental and former offshore
regions alike.

The major faulting event was associated with the development of major fluvial channels that debouched at the fault margin coastlines of pale-
osea. The field photograph showing the development of climbing ripples consisting of large angular-subangular basement clasts and lithoclasts
of older sedimentary rocks and unsorted granule-very coarse sand matrix. Location of the Photograph: Northwest of Varakuppai Village.
Close-up view of the previous photograph showing the occurrences of recycled pebble-gravel sized clasts with angular and sub-rounded nature. Many
a times, they show reverse grading, suggestive of increase in energy conditions, perhaps associated with syndepositional seismicity (aftershocks?).
Field photograph showing the erosional offlap contact between Odiyam sandyclay member of the Karai Formation and the Sadurbagam mem-
ber of the Sillakkudi Formation. The Sadurbagam member was deposited under middle shelf conditions and its occurrence over the Karai
Formation signifies, differential depositional topography created by the faulting event and return of sea level fluctuation controlled deposition-
al pattern after major faulting event and fluvial deposition.

Field photograph showing the erosional contact between Varanavasi member of the Sillakkudi Formation and Kallar member of the
Kallankurichchi Formation. In addition, the beds on both the sides show parallel bedding, signifying simple sea level fall and rise
across this boundary. Location of the photograph: Kallar river section near Tancem quarry I.

Field photograph showing conformable offlap between the Srinivasapuram member of the Kallankurichchi Formation and the Kallamedu Formation.
Though conformable, the depositional topography might have been variable due to the development of shallow ephemeral river channels that cut
through paleosurface and over flown frequently. Location of the photograph: Quarry section located southeast of Kallankurichchi Village.

Field photograph showing the alternate cyclic development of Marl-Limestone couplets of Periyakurichchi member of Niniyur Formation as a

result of high-frequency sea level cycles during Danian. Location of the Photograph: Quarry section located north of Periyakurichchi Village.
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Conception to set up a new groundwater monitoring
network in Serbia
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Abstract?. The Water Framework Directive of the European Union (WFD) adopted in year 2000. outlines
number of water policy and management actions, where monitoring is of primary importance. Following
WED principles Serbia adopted new legislation in water sector aiming to conserve or achieve good ecologi-
cal, chemical and quantitative status of water resources. Serbia, as most of the countries of former Yugoslavia
mostly uses groundwater for drinking water supply (over 75%). However, the current situation in monitoring
of groundwater quality and quantity is far from satisfactory. Several hundred piezometers for observation of
groundwater level under auspices of the Hydrometeorological Service of Serbia are located mostly in alluvi-
ums of major rivers, while some 70 piezometers are used by the Serbian Environmental Protection Agency
for controlling groundwater quality. Currently only 20% of delineated groundwater bodies are under observa-
tion. This paper evaluates current conditions and proposes to expand national monitoring network to cover
most of groundwater bodies or their groups, to raise number of observation points to a density of ca. 1 object
/200 km? and to include as much as possible actual waterworks in this network. Priority in selecting sites for
new observation piezometers or springs has to be given to groundwater bodies under threats, either to their
water reserves or their water chemical quality. For the former, an assessment of available renewable reserves
versus exploitation capacity is needed, while to estimate pressures on water quality, the best way is to com-
pare aquifers’ vulnerability against anthropogenic (diffuse and punctual) hazards.

Key words: monitoring, groundwater, ,,good* status, EU Water Framework Directive, Serbia.

Ancrpakr. OxkBupHa qupekTHBa o Bogama EBporicke Vaumje (OAB) ycBojerna 2000. romquae, yTBphyje oc-
HOBHE MOJIUTUKE U yIpaBJbatba BOAHUM PECYpCHMa, IIPU YeMy je MOHHTOPHHI BOJA OX IPHUMAapHOT 3Ha4aja.
Cpbuja je ycBojuna ocHoBHe npuHImne O/IB kpo3 nHOBHpaHU 3aKOH O BOJaMa KOjU MPOMOBHIIEC IUJHCBE
odyBamkba WM IIOCTHU3amha ,[[O6p01" CKOJIOIIKOT', XeMI/IjCKOF U KBAHTUTATUBHOI' CTaryCa BOAHUX pECypca.
Cpbuja, xkao u Behuna 3emaspa OuBIiIe Jyrociasuje, 3a muhe yriaBHOM KOPUCTH HoA3eMHE Boze (0ko 75%).
MelyTiM, TpeHyTHA CUTYalHja y IOIIey MOHUTOPHHIA KBAJIUTETA U KBAHTHTETa ITOA3EMHUX BOJA JIAJIEKO je
o7 3a10BoJhaBajylie. Hekonmiko CTOTHHA MHje3oMeTapa 3a OcMaTpame HHBOA MMOA3EMHHX BOIA IOJ WHIe-
peHjoM Xuapomereoposomkor 3asojga CpOuje, Hanasy ce yriaBHOM y anyBHjoHMMa Behux peka, 1ok ce
oko 70 muje3omerapa KOPUCTH OJ] CTpaHe ATreHIMje 3a 3alTUTY XHMBOTHE cpeauHe PemyOmuke CpOuje 3a
Y30pKOBamke W KOHTPOJIY KBaJUTETa MOA3EMHUX Boaa. TpeHyTHO ce camo oko 20% om ykymHOr Opoja
M3[IBOjEHUX BOJHUX Tella HaJla3u IO MOHUTOPHHIOM PEXUMa KBAJIUTETa M KBaHTHTETa nojx3eMHe Boze. OBaj
IPUJIOT Jiaje Tperie]l akTyeIHOT CTamba M Cagp kKU MPEeUIor MPOIINpekha HalMOHATIHE MPEKe MOHUTOPHHTA
Koja Mopa Jla TOKpHje M3IABOjeHa Tela MOA3EMHUX BONIA WM HHUXOB Hajehm 1eo, kako OW ce MOCTHITIa
no)keJbHa rycTuHa oxf oko 1 objexra Ha 200 km?2. IIpu ToMe, y by paliioHaIM3alije TPOIIKOBA, Tpebalo
0M y HaIMOHAJIHY MPEXY YKJbYUHTH IITO je Moryhe BHIlIe jaBHUX BOJIOBOJA M IPYTHX KOPHCHHKA TTOJI3EMHUX
Boza. IlpropuTer y oabupy JioKaije 3a HOBE ocMarpadke MUje3oMeTape MM M3BOpe Yy KapcTy Tpeba Ja
MMajy BOAHA TeJa IoJ MPUTHUCKOM Ha BOAHE pecypce (MHTEH3MBHA E€KCIUIOAaTallfja), FIM Ha KBAIUTET BOJAE
(peructpoBana 3araljuBama WIH IPEKOMEPHH Ca/IPiKaj TI0jeTMHIX KOMITOHEHTH XEMH]CKOT cacTaBa). 3a OleHy
NPUTUCKA HAa KBAHTUTET, OTPEOHA je peallHa IpOLeHa PACIIOIOKHBUX OOHOBJBHBUX PE3EPBH BOJA Y OIHOCY

I University of Belgrade, Faculty of Mining & Geology, Centre for Karst Hydrogeology of the Department of Hydro-
geology, Belgrade 11000, Pusina 7, Serbia. zstev_2000@yahoo.co.uk

2 The ideas and formulations of this paper are firstly presented at the XVI Serbian Geological Congress held in Donji
Milanovac in May 2014. and were published in the form of an extended abstract in the Proceedings volume.
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Ha aKTyeJHy eKCIUTIOATaIlH]y, IOK je 3a MPOIeHy MPUTHCKA Ha KBAIUTET BOJE HAjOOJbH HAYHMH J]a Ce YIOPEIN
PamHUBOCT KOHKPETHHX HM3/IaHU Y OJHOCY Ha aHTpOINOreHy (Au(y3Hy M TadkacTy) NpeTmy 3arahuBameM

(omieHa xazapja).

Kiby4He peun: MOHUTOPHHT, ITOA3EMHE BOJE, ,,100ap‘ craryc, OkBupHa aupektusa EY o Bogama, Cpbuja.

Introduction

The complex geology of Serbia and adjacent areas
has produced hydrogeological heterogeneity and con-
siderable variety in aquifer systems and groundwater
distribution. The area is characterized by both, the pres-
ence of formations with small groundwater reserve (Pa-
leozoic formations, magmatic and metamorphic rocks,
Jurassic and Cretaceous flysch or deeper and thick sed-
imentary complexes), as well as Mesozoic carbonate
rocks, and Tertiary or Quaternary alluvial and terrace
deposits which can be very rich in groundwater. Serbia
is therefore a relatively rich in groundwater reserves,
deposited in different aquifer systems, but unequally
distributed along the territory. The major groundwater
reserves are accumulated in thick Quaternary and
Neogene intergranular aquifers and in karstic aquifers
which dominate in south-western and eastern regions
of Serbia (STEVANOVIC 1995). Alluvial aquifers of large
rivers (the Danube, Sava, Velika Morava and Drina) are
particularly important and widely used for drinking
water supply. Roughly 90% of the population has
access to the public water supply, while some 75% of
water for public water supply is abstracted from
groundwater resources. In some areas, currently tapped
resources are unable to quantitatively meet the popula-
tion’s water demand. However, there are other consid-
erable groundwater resources especially in alluvium of
large rivers or in karstic aquifers which are still under-
exploited. Artificial recharge is also not used to a large
extent: Only around 1 m3/s of water is delivered by
such sources, which represents less than 5% of the esti-
mated prospect (DIMKIC ef al. 2011).

Most resources deliver a good natural groundwater
quality. The main exception is the northern Serbian
province of Vojvodina where thick Pleistocene and
Neogene sediments of the Pannonian basin formed
sub-artesian aquifers. The organic material has been
deposited in the natural sediments, and groundwater is
frequently loaded with organic substances and ammo-
nia, occasionally, also arsenic or boron.

Although large groundwater consumer Serbia is not
properly organizes monitoring of groundwater quality
and quantity. Situation is not very different in other
countries of former Yugoslavia with exception of
those which already become EU members. The obli-
gations of Serbia and steps to be taken to achieve EU
standards in environmental sector and particularly
requirements of Water Framework Directive (WFD,
60/2000) should definitely include reorganization of
current Monitoring network and strengthening of te-
chnical capacity of responsible institutions.

History of the existing hydrological
network and groundwater monitoring

Systematic groundwater monitoring in Serbia
began immediately after World War II. Network of
groundwater monitoring stations were set up in 1947.
under a decision of the Federal Administration of the
Hydrometeorological Service of the Federal People’s
Republic of Yugoslavia. In 1948, groundwater moni-
toring was initiated at 41 stations and as early as 1950.
the number of stations grew to 233 and then in 1960.
to 279. Unfortunately, some of the stations were shut
down and abandoned from 1961. and 1990, such that
in 1990. there were only 201 piezometers in place.
However, after 1990, the Republic Hydrometeorolo-
gical Service of Serbia (RHMS) placed increasing
emphasis on groundwater monitoring. The number of
restored and new piezometers grew and doubled by
2014. when the number of monitoring stations was
409 (Fig. 1). Groundwater levels and temperatures
had been measured since the very beginning but
groundwater sampling for analyses began in 1968. at
35 stations (piezometers). The number of stations has
varied since 1969, from as low as 34 to a maximum of
84 (Kocic 2004; NIKOLIC et al. 2012).
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Fig. 1. Number of groundwater monitoring stations in Ser-
bia after WW II.

In spatial terms, the stations have been set up sole-
ly in the alluviums of large rivers and at aquifers com-
prised of Quaternary (Pleistocene) sediments in the
Province of Vojvodina. With regard to watersheds, the
national network of stations covers the Velika Mora-
va, Zapadna Morava, JuZzna Morava, Kolubara and
Mlava rivers, the District of Mac¢va and the provinces
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STATIONS

In 2008 groundwater regime monitoring
was performed on a total of 415 stations
within 13 areas:

1 VELIKA MORAVA
- 1 main station
- 70 stations of the first level
- 21 stations of the second level
2 ZAPADNA MORAVA
- 1 main station
- 7 stations of the first level
- 12 stations of the second level
"3 JUZNA MORAVA
- 1 main station
- 15 stations of the first level
- 18 stations of the second level
4 VETERNICA
- 7 stations of the second level
5 KOLUBARA
- 12 stations of the first level
- 13 stations of the second level
6 MLAVA
- 4 stations of the second level
7 MACVA
- 1 main station
- 16 stations of the first level
- 31 stations of the second level
9 PANCEVACKIRIT
- 3 stations of the second level
12 METOHIJA
- 9 stations of the second level
14 PODUNAVLJE
- 1 main station
- 4 stations of the second level
18 BACKA
- 28 stations of the first level
- 23 stations of the second level
19 BANAT
- 46 stations of the first level
- 36 stations of the second level
20 SREM
- 14 stations of the first level
- 10 stations of the second level

50 100 km

Fig. 2. Network of groundwater monitoring stations of Serbia.

of Kosovo & Metohija and Vojvodina. Figure 2 shows
the distribution, along with the numbers and cate-
gories of stations.

Apart from monitoring groundwater that occurs in
aquifers of the intergranular porosity type, regardless
of the significance of the groundwater reserves, very
little or no monitoring has been undertaken to date of
the other types of aquifers (above all karstic aquifers).
For instance, Vrelo Mlave (the source of the Mlava
River) was the first karst spring where water level
regime monitoring was started in 1949, at the Zagubi-
ca Station. Hydrometric surveys to determine the dis-
charge rates of the spring began at that station in 1966,
and monitoring and surveys of this spring have con-
tinued to the present.

In the mid-1990s, discharge measurements were
made at 19 karst springs, but as part of only one or not
more than two hydrometric survey campaigns. These

springs included among others: Banja Spring (Rakova
Bara), Krupaja Spring (Milanovac), Lesje Spring, Pet-
nica Spring, Gradac Spring, Andri¢ Spring (Ravni),
Tolisnica Spring, Gostilje Spring, Vapa Spring, Veliko
vrelo (Strmosten) (STEVANOVIC et al. 2012b). Un-
fortunately, monitoring of these springs was mostly
cancelled in period 2004—-2006.

Out of RHMS programme, monitoring of ground-
water is also undertaken at city level, and source level
(waterworks), as well as in a portion of riparian lands
of the Danube, Sava, and Tisa rivers which are within
the backwater zone of the Djerdap dam (/ron Gate
Dam constructed at Danube). The late Monitoring
programme was put in place in 1977, to record the
effects of the Danube’s impoundment on the ground-
water regime, to assess the effectiveness of drainage
systems (new, reconstructed and non-reconstructed),
to improve their operating modes, and to determine
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the need for and undertake timely interventions to  the groundwater regime and assess the Djerdap dam
protect the area. More than 700 piezometers were  backwater impact on riparian lands (DIMKIC et al.
monitored during the past decades in order to define 2011).
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EU Water Framework Directive and
Serbia’s implementation tasks

In October 2000, the European Parliament and the
Council of the European Union adopted the Water
Framework Directive (WFD, 2000/60/EC). In this
directive, the European Union modified its previous
approaches to recommend control of only heavy and
specific pollutants such as nitrates, and established a
new long-term strategy in the water sector. The WFD
is founded upon the management of water resources at
a river basin level. It identifies the conditions that are
expected to ensure the implementation of sustainable
water use and water protection, while its ultimate goal
is to achieve “good status” of all natural water re-
sources, or to ensure good chemical and ecological
status of ground, and surface waters, respectively. The
main EU objectives set forth in the WFD are:

e Comprehensive protection of all water resources;

e Good status of all water resources;

e Integrated river basin management;

¢ “Combined approach”;

e Appropriate water pricing; and

¢ Public participation.

Serbia made its initial strides towards WFD imple-
mentation in 2003. within the scope of the Inter-
national Commission for the Protection of the Danube
River (ICPDR, 2009). Serbia took part in the prepara-
tion of the 2004 Roof Report for the Danube River
Basin (DIMKIC et al. 2005). and generated a prelimi-
nary National Report at the beginning of 2005. Since
then, in order to harmonize the country’s water man-
agement policies with WFD requirements and objec-
tives, Serbia enacted a series of laws and implement-
ing legislation, including: the Water Law (Official Ga-
zette of the Republic of Serbia 30/10), the Law on
Meteorological and Hydrological Activities (OG
88/2010), the Regulation on the Designation of Surface
Water and Groundwater Bodies (OG 96/2010) and the
Regulation on Ecological and Chemical Status
Parameters of Surface Water Resources and Chemical
and Quantitative Status Parameters of Groundwater
Resources (OG 74/10).

The WFD outlines the water strategy action that
needs to be taken, where monitoring is of primary im-
portance (STEVANOVIC & VUCETIC 2006, QUEVAUVIL-
LER 2008). Serbia adopted the Regulation on the De-
signation of Surface Water and Groundwater Bodies in
order to conserve or achieve good ecological, chemical
and quantitative status of groundwater resources. A
body of groundwater designated within a geological
formation was taken as the basis for groundwater mon-
itoring, or the smallest unit for monitoring network
planning (UNITED KINGDOM TECHNICAL ADVISORY
Group 2005a). All designated groundwater bodies
(GWBs) have been classified as intergranular, karstic
or fractured groundwater bodies. Following detailed

analyses and several delineation stages, the initial
number of GWBs of 208 (DURIC ef al. 2004), was ulti-
mately reduced to 153 (OG 96/2010). This was the
first step towards WFD implementation concerning
groundwater management.

Spatial distribution of monitoring objects — piezo-
meters on delineated GWBs is shown on figure 3. The
list of GWBs with established monitoring is presented
in Table 1. It can be concluded that only 34 out of 153
or around 20% of all GWBs, have continual observa-
tion of groundwater table. The figures 4a and 4b pres-
ent percentage of GWBs with number of observation
points per 100 km2. As an example 9% of GWBs has
5 or more observation points per 100 km2. In contrast,
13 GWBs or 38% has between 0.5 to 0.177 piezome-
ters per 100 km2. This is equal to density of 1 object
per 200 km?2 and 500 km?2, respectively (Fig. 5).

The figure 6 shows positions of the springs which
were included in the observation by RHMS for certain
period of time.

The next important step in implementation of WFD
was GWB characterization, which allowed for the
integration into groups of GWBs. The characterization
included the determination/description and quantifica-
tion of geological and hydrogeological conditions, par-
ticularly the geometry of the GWBs, the nature of the
aquifer roof and floor, the rate of water exchange, and
the dependence of terrestrial ecosystems on infiltrated
or discharged groundwater (UNITED KINGDOM TECHNI-
CAL ADVISORY GROUP 2005b). The focus was on chem-
ical quality pressures—diffuse and point sources of pol-
lution, as well as quantity pressures—abstraction rates
and artificial recharge, if any (STEVANOVIC 2011). The
WEFD introduced surveillance monitoring and opera-
tional monitoring, depending on the nature of ground-
water pressures. Operational monitoring requires a
higher monitoring frequency and surveying of specific
components, critical to water quality.

In the WFD, the groundwater level is the main
parameter that defines the quantitative status. There is
no exact limit, but it needs to ensure that long-term
use will not threaten the available groundwater re-
source, that the environmental objectives of associat-
ed surface water bodies will be achieved and that
there will be no threat to terrestrial ecosystems. Given
that there was some doubt as to what over-exploita-
tion means and when it occurs (Custopio 1992;
BURKE & MOENCH 2000), it was necessary to stay
within relative categories. The problem with deter-
mining the chemical status is that maximum permissi-
ble concentrations have not been defined, except for a
few parameters. To achieve objectives, if good status
cannot be restored or attained, then the chemical sta-
tus must be at least that which existed before applica-
ble legislation was adopted, or before its implementa-
tion began.

RHMS has transferred its duties related to ground-
water quality monitoring by means of piezometers to
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Table 1. Groundwater bodies under systematic observation and actual number of piezometers.

No Groundwater body - GWB FI?;:::) N"?Per N";'*Per N'/F N/F
1 2 3 4 5 6 7
1 Severozapadna Backa - top aquifer 1232.43 5 1 246 1232
2 Telecka - top aquifer 2643.55 11 3 240 881
3 Gornja Tisa - top aquifer 1772.02 30 4 59 443
4 Severni Banat - top aquifer 1545.78 19 3 81 515
5 Srednja Backa - top aquifer 2068.06 16 3 129 689
6 Donja Tisa - top aquifer 1099.78 5 1 220 1100
7 Srednji Banat - top aquifer 1013.72 3 0 338
8 Jugozapadni Banat - top aquifer 2228.19 16 2 139 114
9 Vriacke planine 257.63 2 1 129 258
10 Jugoisto¢ni Banat - top aquifer 2298.93 25 3 92 766
11 Beograd right bank of Sava 179.68 7 2 26 90
12 Panc¢evacki rit 413.74 4 1 103 414
13 Negotin Kladovo - alluvium 462.86 4 1 116 463
14 Klicevac 604.28 4 1 151 604
15 Kostolac 1005.37 4 251
16 Ku¢aj i Beljanica 726.52 2 2 363 363
17 Velika Morava alluvium left bank 468.26 27 3 17 156
18 Velika Morava alluvium right bank 429.31 28 3 15 143
19 Leva¢ 718.98 2 1 359 719
20 Velika Morava Neogene - south 1321.17 38 3 35 440
21 Kuéaj - west 288.06 1 1 288 288
22 JuZzna Morava Neogene - north 1153.38 21 3 55 334
23 Leskovac - Neogene 914.31 22 2 42 457
24 Rasina 497.41 1 1 497 497
25 Zapadna Morava - alluvium 588.04 21 3 28 196
26 Macva Basic water bearing layer 763.41 40 3 19 254
27 Kolubara - Neogene 656.57 10 4 66 164
28 Valjevo 542.81 6 2 90 271
29 Leli¢ - karst 306.83 1 1 307 307
30 Ljig 565.82 1 1 566 566
31 Lozni¢ko polje 243.88 11 2 22 122
32 Povlen 32237 1 1 322 322
33 Zapadni Srem - Pliocene 1172.92 11 2 107 586
34 Isto¢ni Srem - Pliocene 2248.99 10 1 225 2249
Total 32755.06 409 34
Note:
*- total number of piezometers for groundwater table observation
**- total number of piezometers for groundwater quality observation
A B
100200 | 200-300 45, o0
<100 - | o
. 500-1000 0.17 - 0.5 (38%) ZSO% 4 5 (3%)
) : - 3.4 (6%)
>1000 - 2-3(6%)
1-2(18%)
Groundwater 0.5 -1 (21%)

" bodies without
piezometers

Fig. 4. a, Distribution of GWBs without or with piezometers and density (1 object per X kmz); b, Percentage of GWBs
with number of piezometers per 100 km?2.
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the Serbian Environmental Protection Agency (SEPA).
In 2013. this network included 70 piezometers, while
analyses comprise the determination of 66 physical,
chemical and biological parameters. SEPA has been
reporting to the public via its website and also to the
European Environment Information and Observation
Network (EIONET). Spatial distribution of piezome-
ters which are used for groundwatwer quality observa-
tion, is shown on figure 7.

Criteria and conditions for Serbia’s new
groundwater monitoring network

In most of European countries, the density of water
quality monitoring networks is lower than that of the
networks that monitor groundwater level fluctuations.
The main reasons lie in operating expenses (costly
analyses) and the feasibility of collecting information
from other entities (water users) in an organized man-
ner. The network density is also a result of numerous
other factors, such as the size of the country, assessed
aquifer vulnerability to pollution, and population den-
sity. The effect of population density is, for example,
apparent in Finland and the Netherlands. In sparsely
populated Finland there are only 0.02 monitoring sta-
tions per 100km2, while in the densely populated
Netherlands, where groundwater is the main drinking
water resource, there is one monitoring station on
average per 10km?2 (STEvANOVIC 2011).

Monitoring of groundwater quality and quantity is
a highly complex task and an obligation according to
the WFD. However, considerable financial resources
are needed to implement the WFD (FOSTER &
McDonNALD 2014). For Example, Austria spends
about 2 million € every year and Hungary as much as
4 million € solely on routine groundwater regime
monitoring. Countries are also allowed to specify
lower objectives for certain groundwater bodies, as
needed, if the achievement of good status is not possi-
ble without major spending. Consequently, if an effi-
cient approach is followed and if, for example, the
obligations of water supply operators and other users
are regulated, the water regime database can be sub-
stantially enlarged (STEVANOVIC 2011).

A number of strategic hydrogeological projects
implemented from 2007 to 2001, including “Ground-
water Monitoring” (GRUPA AUTORA 2010) have been
major contributors to the improved knowledge of
groundwater resources and the initial steps towards
the establishment of a new monitoring network (STE-
VANOVIC et al. 2012a; MILANOVIC et al. 2014). One
GWB has been selected per aquifer type and experts
from the University of Belgrade-Faculty of Mining
and Geology, the Jaroslav Cerni Institute for the De-
velopment of Water Resources and the Serbian Geo-
logical Survey were commissioned to implement pilot
monitoring projects following WFD principles. Un-

fortunately, funding ceased in the final stages of the
projects, such that the proposal of a new monitoring
network has been postponed.

Given Serbia’s circumstances (size, complex geol-
ogy, hydrogeological conditions), it is believed that at
least one groundwater monitoring station per 200 km?
is needed. This means a total of 400-500 objects in
function. This number is close to the existing number
of monitoring stations, at least with regard to ground-
water quantity, but the way they are currently deplo-
yed is inadequate. Only the so-called “top aquifers”
(i.e. alluviums of the largest rivers) are monitored.
Systematic monitoring has to be the basis for proper
GWB characterization and protection from potential
polluters and accidental pollution.

Finally, a new monitoring network has to be gradual-
ly built. The target for its completion should be the year
2027. In order to get feasible and non-expensive net-
work the existing waterworks and companies that got
concessions for water extraction, must be obliged to ful-
fill their obligations to regularly observe discharges, wa-
ter tables and chemistry of tapped springs and wells and
to deliver this data to responsible authorities. As such,
the number of regularly observed water points would
increase along with network density. However, certain
number of new boreholes would be required as many of
GWBs do not have any intakes. In addition to, for objec-
tive assessment some piezometers have to be located
outside radius of extraction wells used by waterworks.

As set up of monitoring network will rise in stages,
prioritization in selection of monitoring sites should
be given to GWBs under already recognized pres-
sures. In term of pressure to groundwater quantity, an
assessment of available renewable reserves versus ex-
ploitation capacity would be needed for each of GWB.
When pressures to groundwater quality are consid-
ered, the best way for realistic assessment would be to
compare aquifers’ vulnerability against anthropogenic
(diffuse and punctual) hazards. In Serbia, the aquifer
vulnerability map in scale 1:500,000 has already been
completed under above-mentioned project “Ground-
water Monitoring” (Fig. 8).

For regional analysis of diffuse hazards the Corine
Land Cover Map (EEA, 2006) can be very useful,
while SEPA’s data on pollutants and their distribution
and loads can be used for an assessment of punctual
(point) pressure.

Conclusion

Consistent WFD implementation and the setting up
of a new groundwater monitoring network in Serbia
are extremely important for improving knowledge
about groundwater resources and their active protec-
tion. As an EU member-candidate, Serbia declared its
commitment to the WFD back in 2003, but primarily
a lack of funds and still unregulated water user obliga-
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Fig. 8. Groundwater Vulnerability Map of Serbia (MILANOVIC et al. 2010).

tions have lead to an unsatisfactory state of affairs in ~ the most part support drinking water supplies and are
the monitoring of groundwater resources, which for ~ used by some 75% of Serbia’s population.
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Despite the fact that groundwater level regimes are
monitored by more than 400 special-purpose piezo-
meters in Serbia, nearly all of them have been deploy-
ed in the same type of alluvial aquifer, where ground-
water levels are largely a reflection of river stages
(which are also monitored). This is certainly a depar-
ture from hydrogeological “logic” and from the pre-
ferred approach to national groundwater monitoring,
which needs to include all types of aquifers. As such,
phreatic (“top”) aquifers in Serbia’s geological cir-
cumstances need to include aquifers in mountainous
regions (e.g. karst aquifers are found in more than
30% of western and eastern Serbia), which have virtu-
ally not been monitored to date. Consequently,
RHMS’s concern for aquifers in the alluviums of large
rivers, evident from the facts on the ground, needs to
be (re)defined. The best solution would be to entrust
the setting up of a monitoring service for other types
of aquifers and the monitoring task itself to the Ser-
bian Geological Survey. Strictly applied regulations to
waterworks and concessionaires to measure and pro-
vide data on groundwater quantity and quality would
relax needed investment in operation and maintenance
of the new Monitoring network.

A new and efficient monitoring network, which co-
vers all, or most of GWBs and all major tapped aqui-
fers (not only alluvial, as at present), determined on
the basis of hydrogeological exploration, and syste-
matic groundwater quality and quantity data collec-
tion with active involvement of water users, are both
national needs and obligations. Proposal is to reach
density of 1 observation object / 200km? is also given.
It took in consideration complex geology, hydrogeo-
logical settings, historical data, but also economic sit-
uation in the “transition” country. The scope and ex-
tent of monitoring, and the frequency of measure-
ments and analyses, depend on the hydrogeological
setting and the aquifer regime. In dynamic environ-
ments such as karst, monitoring will certainly be more
frequent than, for instance, in the case of artesian
aquifers in lowland river basins.
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Pe3nme

Konuent ¢opmupama HOBe Mpe:xe 3a
MOHMTOPHHT noa3eMHux Boaa y Cpouju

HonomemweM OxBUpHE nupekTuBy o Bomama 2000.
roguae (OB - Water Framework Directive EU/WFD
— 2000/60/EC) EBporncka yHHja yCIIOCTaBHIIA j€ HOBY
Y 33jelHNYKY, JYTOPOYHY MOJUTHKY Y AOMEHY BOJA.
OcHoBa /lupexTuBe je ynpaBibamke BOIHUM PECYPCH-
Ma Ha HUBOY PEYHUX CIIMBOBA, a FbOM Cy Je(pUHICAHU
ycIIoBH Koju Tpeba na omoryhe cnpoBoljeme monuTu-
K€ ONIP’KMBOT Kopuihema W 3allTHTE BOZAA, IIOK je
OCHOBHU IIWJb NTOBOhEHE CBUX TMPHUPOIHUX BONA Y
,,J00p0 cTame", y Toreny KBaHTUTETa U KBAJINTETA.
Crnenehun noOpy mpakcy uwrannna EY, n Behuna 3e-
MaJhba HEWIAHUIIA j€ y CBOje MPOTICE O BoAama yrpa-
IWIa KOHIENT W pemema ose [lupektuBe koje cy
yCMepeHe Ha OuyBame, 3alTUTy H IMO000JbIIame
KBaJIUTETa OKOJIMHE Yy CMHCIY pallMOHaJHE yrmoTpede
BOJIa U APYTHX MpUponHuX pecypca. Konmenr ce Oa-
3Wpa Ha MPETOCTPOKHOCTH W TPEBEHTUBHUM aKIlHja-
Ma, a kKoje Ou obe3bemmie “mobap” craTyc Boma IO
2015, nwmu Hajmasse o 2027. OkBUpHA IHUPEKTHBA

npomucyje morpedy m3paae Ilporpama mepa, kao u
[InanoBa ynpaBibama peduHuM ciauBoBuMa. [locebHa
»Cecrpa JlupexktuBa“ EY ogHoCH ce Ha moJI3eMHE BO-
JIe ¥ pa3MaTpa 1 MpOoIucyje ycioBe 3a 00e30ehuBame
CMameha MPUTHCKA Ha KBAHTUTET (aKIIHje 32 CMambe-
€ TIPEKOMEpHE eKCIUIoaTallfje) U KBAJIUTET TOA3EM-
HUX Boja (OYyBaTH WM YCIIOCTAaBUTH J00ap XeMH]-
CKH CTaTyc).

V ckmagy ca 3axresuma O/IB, npxxase cy y ob6aBesn
na GhopMupajy WK IPUIIaroie CBOje OCMaTpadke Mpe-
e 3a momzemHe Boze. OpraHuzanyja MOHATOPHHTA
MMOJ3eMHUX Bofa, Npaheme HUXOBOT KBaJHWTETa H
KBaHTHUTETa, MpeacTaBiba ciokeH 3aaarak. OB EY
YBOAM HAJ30PHU W ONEPaTUBHA MOHUTOPHHT 3aBHICHO
OJl cTama MPHUTHCKAa Ha OBe pecypce: OmnepaTtuBHH ce
crpoBomM ca TymhoM (peKBEeHIIMjOM OcCMaTpara U
npahemeM crienmn(UIHNX KOMIIOHEHTH, KpUTHYHHX 32
KBaJMTET Bofe. |'ycTwHa Mpexe je pe3yarar OpojHuX
(hakTOpa, 3aBUCH O]l BETMIHHE 3eMJBE, OIICEEHE YTIPO-
JKEHOCTH W3laHW of 3araljuBama, MHTEH3UTETa EKC-
Ioaraiyje, youeHnx KOH(IMKara MHTepeca Y KOpH-
mhemy pecypca, Ka0 W TYCTHHE HacesheHocTH. Ha
IIpuMep, JIOK je y peTko HaceJbeHoj PuHckoj cBera 0.02
ocmarpadka objekra Ha 100 km?, y rycTo HacesbeHoj
XomaHIWju TAe Cy TOA3EMHE BOIE OCHOBHH PECypc
Bojie 3a nuhe, mpocedHo je Ha cBakux 10 km? jponmpan
IO jeJJTaH OCMaTPavKH IyHKT. 3a IpuMeny JlupekTuse y
Ipakcu MmoTpedHa Cy W 3Ha4yajHa (PUHAHCHjCKA Cpel-
ctBa. Ha mp. AycTpuja roauime HHBECTHPA OKO 2, a
Mabhapcka wak 4 MHUIHOHa eypa, caMO 3a peIOBHA
ocMarpama pexknMa. JpikaBe MOTy Ja ofpene W OHa
MTOJ[3€MHA BOJHA Tela KOJ KOjuX je MOTpeOHO mocTa-
BUTH HW)XE IMJBEBE j€p je YCIOCTaBJhame «II00pOr
cTaryca gecto Hemoryhe 0e3 Benmmknx (prHAHCH]CKUX
yrnarama.

Y Cpbuju crame y noriery MOHUTOPHUHTA TTO/I3EM-
HUX BOZa HHje 3a/10BoJbaBajyhe. Mako ce jomr 1947.
TOAWHE OTIIOYeNIo ca mpahemeM pekuMa MOJ3eMHUX
Boma, a Beh 1960. roguae Ounmo popmupano gak 279
cTaHwIa, y nmepuony ox 1961. no manac, 6poj ocma-
TpPaYKUX THje30MeTapa je y KOHCTaHTHOM OIaamby
(cm. 1). IIpocTopHO MOCMAaTpaHO CTAaHUIIE CY POPMH-
paHe UCKJbYYHBO Yy alyBHjoHUMa Behnx peka u m3na-
HUMa (popMHpaHUM y OKBHPY KBapTapHUX Haciara y
Bojsomunm (ci. 2). Ha mujesomerpuma OcHOBHE Mpe-
K€ YIIIAaBHOM CE€ OCMarpajy HABOM TOA3EMHHX BOJA H
TeMIepaTrypa Bofa, IITO je 3amaTak XHIpPOMETeopo-
motkor 3aBoga Cpouje (PXM3), nok ce Ha oko 70 mu-
je3oMeTpa mpaTH KBaJHUTET BOJle IITO je y obOaBesm
Arennyje 3a xxuBoTHY cpenuny (CAXKC) koja Bpmu u
M3BeIlTaBame MpemMa EBPOTICKOj areHnmju 3a KUBOT-
Hy cpeannay (EIONET). Mako je Guito Buiiie nokyIaja
Jla ce Yy HAIlMOHAIIHY MPEXY YKJbyde W jaKu KapCTHH
W3BOPH, /IO JIaHAC C€ OCMaTpama BpIIe jeHHO Ha
Bpeny MutaBe y uicrounoj Cpowuju.

Kako 6u ce crame y morineqy MOHUTOPHHTA
M000JBINAI0 U BPIIMIIO UCIyHhaBamke o0aBe3a mpeMa
O/IB y CpOuju je ydWmeHO HEKOIHWKO KOopaka.
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N3MemeHn Cy 3aKOHCKHU IMPOIMUCH U TOHET HOBU 3a-
koH 0 Bomama (2010), u3BpIIeHe Cy IeNnHealdje u
MpeTMMUHApHE aHAIIN3€ BOIHUX TeJla TIOA3EMHHX BO-
ma (IIBT) xao OCHOBHMX jeqWHWIIA 33 TUIAHUPAHE
OCMaTpavyke Mpexe, a y MPUNPEMHU Cy U IJIAaHOBU
YIIpaBJbarba PEYHNM CIMBOBHMA.

HakoH cripoBeseHnX AeTajbHUX aHAJIHM3a Kao U BH-
me (aza paga Ha JAeTUHEANHWju, yTBpheH je Opoj ox
153 IIBT y Cpbuju (cn. 3). pyru BaxkaH KOpak je T3B.
KapakTepu3aluja BOJHUX Teja, Koja Iojapa3yMeBa
ofpehuBame — OMUC ¥ KBaHTHU(PHUKAIN]Y TEOJIOIIKUX,
XHUJIPOTEOJIONIKUX yCJIOBa TEpPeHa, TOCEe0HO reome-
TpHj€ BOIHOT Tella, KapakTepa MoBJare ¥ NoAuHe, Op-
3WHE BOJIO3aMEHe, 3aBICHOCTH €KO CHCTeMa Ha TIOBp-
IIVHA TepeHa ol MHPUITPUPAHUX WIH UCTEKIIUX TOJI-
3eMHUX Boxa. IloceOHO ce pa3marpajy TpUTHCIH Ha
XEMH)CK! KBAJTUTET — NU(Y3HU U KOHIEHTPUCAHH W3-
BopH 3arahjuBama, Ka0 W MPUTHCIN HAa KBaHTUTET —
00MM eKCIIIoaTanyje, ¥ YKOIUKO MTOCTOj! U BEIITAYKO
MIPUXPABHUBAKE.

Amnammsa ykazyje na je y 2015. roquHM camo Ha He-
mro Bumie o 20% IIBT ycnocrasibena oarosapajyha
ocMarpauka mpexa. Taunmje, camo Ha 34 o yKyITHO
153 wm3mBojeHa BOAHA Tenla TMOCTOje THjE30METpPH 3a
npaheme HUBOA momzeMHux Boma. [eser IIBT mma 5
WK BHUIIIE ocMaTpavkux obOjexara Ha 100 km? (ci.4).
VYxymHo 13 Bogaux Tena (vwm 38%) nma 0.5 mo 0.177
nujezomerpa Ha 100 km?2 mro 6m fakie oaroBapaiio
rycTHHH of jeaHor objekra Ha 200 km2, omHocHO 500
km? noBpiuae TeputopHje (. 5,6).

Koju cy HeolrxomHu Kopamu 3a IpoIIupemhe Mpexe
1 kako je moryctutu? lIpBu ycioB 3a ncmymaBame
oBe oOaBe3e y mpolecy Aajber Npuapyx)uBama EY
(obmact JKusommna cpeduna) je obezbehuBame cpen-
craBa 3a pag PXM3 u CAXKC xako 6u moBehamu Opoj
o0jekara (ci.7), CIpOBENH HMCTPAKUBAYKH MOHHTO-
PUHT B YCIIOCTAaBHIN MOTPeOHY (DPEKBEHIN]y OcMa-
Tpama rmapaMerapa KBaHTUTETa U KBAIUTETA TIOA3EM-
HUX Boma. Takohe, cTpuKTHHUM cropoBohemeMm Beh
mpomnucaHux obaBe3a mocrojehum BomoBoAMMAa WIH
JIPyTUM KOPHUCHUIMMA J1a BPILIE OCMaTpamba 1 MoJIaTKe
JOCTaBIbajy HEIUIEKHUM CITy)kOaMa, Moxe ce 00e30e-
IUTH 3Ha4dajad (OHJ JOMYHCKHUX MOAATaKa O PeKUMY
BOJIA.

VY HammM ycinoBuMa (MTOBPIIMHA TEPUTOPHjE, KOM-
IJIEKCHA Te0NIOTH]ja, XUIPOTEOIIONIKH YCIIOBH) CMaTpa
ce ma 6u Omo moTpebaH HajMarme jeaH YCIOCTaBIbe-
HU OCMAaTpavyKd MYHKT 3a mnpaheme MoJ3eMHUX BO/a
Ha cBakux 200 km2. To 6u 3Ha4miIO 1a je morpeban
0poj ox oxo 400-500 myHKTOBa OCMaTpama. bpoj
jecre mpuOMIDKaH camammmeM, O0ap Kaga je y muTamby

pPEeXUM KBaHTHTETA, alld je KOHIIEHTpaIja o0jexara
MOTITYHO HeasleKBaTHA W IIpare Ce camo T3B. ,,lIPBE
W3JIaHM", 3alpaBo ayBHjOHW HajBehMX peyHUX TO-
koBa. KoHTHHyHMpaHn MOHUTOpPHHT Tpeba ma Oyme
ocHoBa Jia ce cBako IIBT amexBaTHO oKapakTepuile u
Jla Ce 3aIITUTH O MOTYNHX MOTEHINjaTHUX 1 eKIleC-
HUX 3aralhjuBadva.

Hoga mpexa ce MOXke 1 TIOCTYITHO pa3BHjaTd Kako
6m o 2027. roguHe OMIa MPUOTMHKHO KOMITTIETHPAHA.
[Ipuopurete 3a HOBe 00jekTe Ou Tpebano neduHUCa-
TH Ha 0a3u yTBpheHUX MpuTHCaKa KOju c€ MOTY Olle-
HUTH Ha cienehn HavnH:

Hpumucyu na xeanmumem. Hajbosbn HauWH 3a
OBy OIIEHY je yTBphHBame OJHOCAa EKCIUIOATHCaHUX
KOJIMYMHA Y OIHOCY Ha OOHOBJbHBE (TIPUPOIHO U Be-
IITa49KH) pe3epBe MoA3eMHIX Boaa. [IpaktudnHu mpo-
OmeM Moke OMTH HENOCTaTak IMojaraka O PeXUMY
M3JAITHOCTH WJIM OCUWJIANHja HUBOA, Ka0 W HETOY3-
JTAHOCT ToJlaTaka eKcIuioaraiyje. bunancHe merone
Cy HajIOAECHHje 3a OLEHY BeIHYHHE OOHOBJBMBUX
pecypca.

THpumucyu na xeanumem. Tpeba na Oyay GasupaHu
Ha OAHOCY IpuponHe pawmuBoctd u3ganu u IIBT ca
jeIHe cTpaHe, u ¢ APyTe CTpaHe Xa3apay MPOUCTEKIOM
W3 MPHUCYCTBA MU(PY3HUX W MYHKTYelHUX 3araljuBada.
Pesynrar Tpeba ma Oyne m3pana kapara pu3uka (mpema
Iudy3HAM W TYHKTyeTHUM 3araljuBaunMa) W OHa
Tpeba ma caapxu kKiacupukaujy HABOa puU3mKa (ca-
MHM THM H TIPUTHCAKa) YyCJeJ aHTPONOTeHUX
aKTHBHOCTH. PerroHaiHe KapTe pamHBOCTH U3/IaHH CY
HE3aMEHJbHBA IIO[IOTa OBUX OIIEHA (32 TEPUTOPH)Y
Cpbuje oBy kxapty y pasmepu 1:500,000 je m3panmmma
rpyma aytopa T3B. CTpaTemknux mpojexara pearn3oBa-
Hux y nepuony 2007-2011, cn.8), mok 3a kapty audy-
3HOT Xa3apjaa KopucHo Moke rocimyxutu Corine land
cover map n3pahena ox crpane EBporicke arenmuje 3a
3aIITUTY )KUBOTHE CPETUHE.

[Homzemue Boge y CpOuju, Kao yocTasoM Ha IIeJIOM
npocropy ousiie COPJ, cy ocHOBHE n3BOp cHabneB-
ama mujahoM BoAOM CTaHOBHHUINTBA (Tpeko 75%).
Crora nocroje 1 moceOHe o0aBe3e ApKaBe W HEHUX
WHCTHUTYIIH]ja, Ka0 ¥ CTPYYHHUX M HAYyIHUX Karalurera
y TIOTIIely FUXOBE MPEBEHTHBHE M CHCTEMAaTCKe 3a-
mTHTe, 00e30chBama aaTepHATUBHUX W3BOPHINTA U
perynanmje noctojehnx y by mosehama HBUXOBOT
KaraIreTa, a y yCJIoBUMa cBe Behux ImpuTHCaKa u3a-
3BaHMX aHTPOIIOT€HUM aKTUBHOCTHMA W KITMMATCKUM
mpoMeHaMma. 3a HWCIYyHBEeHhe OBHX LUJbEBA, NPBH H
OCHOBHHU YCIIOB j€ TMOCTOjame TOAaTaka NMpUKyIIbe-
HUX CHTEMAaTCKIM MOHUTOPHHIOM KBaHTHTETa U KBa-
JTUTETa MOI3EMHUX BOJA.
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Hydrogeothermal characteristics of groundwater
from Ribarska Banja spa, central Serbia
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Abstract. Ribarska Banja spa is one of the most popular balneotherapy and recreation centers in Serbia. It
features several thermal groundwater sources whose temperatures range from 26 to 54 °C. The mineral con-
tent of these waters is low and their composition is of the SO,-Na or HCO;-Na type. Thermal water explo-
ration has been conducted in the general area for many years, to assess the hydrogeothermal potential in order
to extract larger amounts of thermal water for multiple uses. The hydrogeothermal system of Ribarska Banja
spa was defined based on a synthesis of the results of comprehensive structural geology, geophysical, hydro-
geological, hydrochemical and geothermal research. The primary groundwater reservoir of the hydrogeother-
mal system is comprised of tectonic zones (systems of faults and fractures) within Cretaceous-Paleogene
metamorphosed and non-metamorphosed rocks. The overlying hydrogeological and temperature barrier is
made up of a series of low metamorphosed rocks (chlorite, chlorite-sericite schists, gabbros, etc.), highly
metamorphosed rocks (gneisses) and Neogene clay and sand sediments. The system is recharged by infiltra-
tion of atmospheric precipitation and surface water at the highest elevations of Mt. Jastrebac. Investigations
have also shown that the system’s heat source is younger granitoide intrusion spreading northwest of Ribarska
Banja spa. Based on the quartz geothermometers, expected reservoir temperatures are in the range of 85-97 °C
that can be expected at a depth of 1.87 km. Total energy usage at Ribarska Banja spa is 31 TJ/y with thermal
capacity of 1.65 MWt and utilization factor of 0.58. Geothermal gradient is 0,051 °C/m, while heat flow den-
sity is 163.5 mW/m2.

Key words: Thermal water, Hydrogeothermal system, Hydrogeothermal resources, Hydrogeothermal
exploration, Ribarska Banja spa.

Ancrpakt: Pubapcka bama je jenHa o HajmomyaapHHjHX OaTHEOJIIOIIKO-peKpeaTuBHUX IeHTapa y Cp-
Omju. Y Oamy IIOCTOjH BUIIE IT0jaBa UCTHIIAEa TEPMATHUX BOJa ca TeMIlepaTypama y omcery o 26 o 54 °C.
Oge BOjie MMajy Mally MUHEpaJu3anujy, oK cy 1o xemujckoM cactaBy SO,-Na i HCO;-Na. HcrpaxuBame
TepMaJIHUX BOZA Y OBOM IIOApY4jy M3BoheHa Cy Oyrm HU3 rofuHa, ca LWJbeM Ja ce AeUHHUIIE XUAPO-
reoTepMaHa MOTEHIN]aTHOCT MOAPYYja U Jla ce 3axBare Behe KOMMYMHe TepMATHUX BO/A 32 BUIIEHAMEHCKO
kopuithewe. Xuaporeorepmainu cucreM Pubapcke bame je neduHncan Ha OCHOBY CHHTE3€ pesyirara
KOMITJIEKCHUX CTPYKTYPHO-TEOJIOIIKHX, TCOQU3NUKUX, XUAPOT€OTOIIKNX, XUAPOXEMHJCKUX U F€OTEPMATIHUX
UCTpaXkuBama. [I[prMapHu pe3epBoap XUAPOreoTepMaTHOT CHCTEMa IPECTaBIbajy TEKTOHCKE 30HE (CHCTEMH
pacena ¥ NMYKOTHHA) Y OKBHPY KpEIHO-NAIEOTeHUX MeTamopdHcaHuX M HeMmeTamopducanux creHa. Ilo-
BIIATHY XHJPOTEOJIONIKY M TeMIepaTypHy Oapujepy YHMHE MaKeT HHUCKOMETaMOP(PHHUX CTEeHA (XJIIOPUTCKH,
XJIOPUTCKO-CEPUIIUTCKU ITKPHUIBITH, TAOPOBH U APYTe CTEHE), BHCOKOMETaMOP(HIX CTeHA (THAajCEBH) U HEO-
TeHH TNIMHOBHUTO-TIECKOBUTH CeMMEHTH. [IpruxpamHBambe cCUCTeMa OJIBHja c€ MHPHITPALN]joM aTMOC(EpCKUX
Y MOBPIIMHCKUX BOJA HA HAjBUILINM KoTaMa I1aHuHe Jactpenua. McrpaxuBama cy Takole mokasana 1a U3Bop
TOIUIOTE TEOTEPMAIHOT CHCTeMa je Miali TPaHUTOWIHM HWHTPY3HB KOjH C€ TIpyKa CEBEpO3anajHoO Of
Pubapcke bame. Ha ocHOBY KBapIHUX reoTepMOMeTapa, O4eKHBaHa TEMIIepaTypa pe3epBoapa je y oricery oj
85 mo 97 °C u moxe ce oueknBaTu Ha nyomHu of 1,87 km. YkymHa enepruja uckopumhema Pubapcke bame
je 31 Tl/y ca TepmanauM kanmanuteroM ox 1,65 MWt u ¢akxropom uckopunthema on 0.58. Teorepmanau
rpamujent je 0,051 °C/m, 1ok je ryctuHa TormoTHor Toka 163,5 mW/m2.

I University of Belgrade, Faculty of Mining and Geology, Department for Hydrogeology, Pusina 7, 11000 Belgrade,
Serbia. E-mails: v.dragisic@rgf.bg.ac.rs; v.zivanovic@rgf.bg.ac.rs
2 Geological Survey of Serbia, Rovinjska 12, 11000 Belgrade, Serbia. E-mail: tanjapetrovic.hg@gmail.com
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KibyuHe peun: TepMaiHe BOAE XUAPOTEOTEPMATHU CUCTEM, XHIPOTeOTepMaIHa UCTPAXKIBakba, Prubapcka

Bbama.

Introduction

Ribarska Banja spa is located in central Serbia, on
the northeastern slopes of Mt. Jastrebac.

Thermal water wells, featuring water temperatures
in the range from 26 to 54 °C, as well as thermal spa
facilities, are situated in the Ribarska River valley,
some 3 km from the village of Ribare. Intensive
research of thermal waters starting in the late seven-
ties (MILOVANOVIC 1978; MiLovaNovI¢ 1980; MILo-
VANOVIC 1992; MILOJEVIC 2004; SPADUER et al. 2005;
ZIVANOVIC & ATANACKOVIC 2013)

The geology of the terrain was found to be highly
complex and posed a major challenge for geologists
(RAKIC et al. 1976; KRSTIC et al. 1980; SpAHIC 2006).
Hydrogeological research was faced with a number of
problems as it was difficult to identify the rocks and
determine the rupture structures of the terrain.
Drilling yielded considerable amounts of water from
metamorphic rocks, characterized by increased tem-
peratures suggesting the existence of a complex
hydrogeothermal system. It was originally assumed
that the system was recharged at higher altitudes of
Mt. Jastrebac and that its granitoid was the cause of
the elevated temperature groundwater regime at
Ribarska Banja spa (MILOVANOVIC 1980; MILOVA-
NOVIC 1992). However, recent research (SPADUER et
al. 2005; ZIVANOVIC & ATANACKOVIC 2013), like as
stable isotope analyses and chemical tests of the water
samples collected from wells allowed insight into the
individual contributors to the formation of the hydro-
geothermal system of Ribarska Banja spa, from the
source of recharge to the point of discharge.

Structural geology of the area

Geological characteristics. Due to the presence of
different lithostratigraphic units and their highly com-
plicated internal and external tectonic relationships,
the zone of formation and discharge of the thermal
waters of Ribarska Banja spa is characterized by an
extremely complex geology. It features two large
lithostratigraphic units, inversely positioned and in
tectonic contact. The lower part is comprised of Upper
Cretaceous and Cretaceous-Paleogene low metamor-
phosed rocks, overlain by pulled-over and highly me-
tamorphosed crystalline schists (Fig. 1, Fig. 2). The
Mt. Jastrebac Paleogene granitoid is emplaced in the
Mesozoic-Paleogene metamorphic complex (RAKIC et
al. 1976; SpaHIC 2006; MAROVIC et al. 2007).

The crystalline bedrocks comprised of two large
rock complexes: gneisses and “green schists”. The
gneisses (G) are exposed in an intermittent and irreg-

ular series running in the NW-SE direction, beginning
at the Village of Srndalje. They have been classified as
belonging to the Proterozoic Eon (UROSEVIC 1929) and
are in tectonic contact with underlying green schists.
To the east and northeast of Ribarska Banja spa, the
gneisses are overlain by Miocene clastic sediments.

“Green schists” associated with a low-to-medium
metamorphosed volcanogenic sediment formation
and distinct petrographic member changes are quite
extensive in the Ribarska Banja spa area. Their age
was determined by the discovery of Upper Cretaceous
(Upper Cretaceous-Paleogene) palynomorphs in phyl-
lites, sericite schists and calc-schists at several loca-
tions (SPAaHIC 2006). These schists can be grouped into
three units: lower, upper and middle. The lower and
middle units of metamorphic rocks are inversely posi-
tioned relative to the upper unit.

The lower unit is comprised of epidote-actinolite,
epidote-chlorite and chlorite schists (Sepak) and me-
tagabbros (v). This unit was probably a result of gab-
bro rocks metamorphosing and formations of meta-
morphosed spilite-keratophyre association, accompa-
nied by intensive carbonitization and serpentinization.
The colors are light grayish-green to dark green.

The middle unit is made up of sericite, quartz-seri-
cite, sericite-chlorite and quartz-muscovite schists
(Sseco), calcschists and marbles (Sca). The rocks be-
longing to this formation are found north of Banjski
Potok, in the direction of Srndalje, and their age was
determined based on numerous palynomorphs as Up-
per Cretaceous. The middle unit features calcschist
sand marbles (Sca) in the form of tectonically relocat-
ed and transported belts, along with different types of
sericite schists.

The highest level of the green schists, the so-called
Dulica member (K, Pg), is exposed west of Ribarska
Banja spa (SpaHIC 2006). It is comprised of phyllites,
metamorphosed sandstones, metasiltstones, and non-
metamorphosed rocks (conglomerates and sandsto-
nes). These sediments were determined by exploration
drilling at Ribarska Banja spa.

The Mt. Jastrebac granitoid (dy) is located west of
Ribarska Banja spa. It was created by the intrusion of
a granodiorite pluton into Upper Cretaceous and
Paleogene sediments, forming a periclinal dome. It is
largely a homogeneous magmatic body, in places
crisscrossed by veins of aplite, pegmatite, granodior-
ite porphyrite and latite.

Miocene sediments (M) are comprised of yellow-
ish, semi-consolidated sandstones, sands, sandy clays
and conglomerates. Quaternary sediments are found
downstream from Ribarska Banja spa, in the Ribarska
River alluvium, where they are comprised of gravel,
sand and clay deposits (al).
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Fig. 1. Geological map of Ribarska Banja spa, according to SPAHIC (2006), RAKIC ef al. (1969), KRSTIC et al. (1974), mod-
ified. Legend of hydrogeological units: I, alluvial aquifer; Ila, fissured aquifer formed in granite rocks; IIb, fissured aquifer
formed in K,Pg unit; Il¢, fissured aquifer formed in metamorphic rocks (Sseco+Sca and Sepak+v); II1, low permeable rocks

(Gneiss and Miocene sediments)

Tectonic assemblage. Based on numerous data
about the basic elements of the assemblage (folia-
tions, fractures, faults), which has been examined

Granodiorite
Contact-metamorphyc rocks

Phyllite, metasendstone, metasiltstone,
conglomerate, sandstone

Sericite, quartz-sericite, sericite-chlorite schist
(Sseco), calcschist (Sca)

Epidote-actinolite, epidote-chlorite and chlorite
schist (Sepak) and gabro (v)

Gneiss

——— |ntrusive contact

— Fault, certain

— — - Fault, approximately located
-+~ - Trust, approximately located

extensively to gain insight into the tectonic relation-
ships, three distinct structural units can be recognized:
lower, middle and upper structural floors. The lower
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structural floor is made up of Cretaceous (Cretaceous-
Paleogene) metamorphosed rocks and Proterozoic
gneisses, while the upper structural floor is comprised
of Neogene and Quaternary sediments. The lower and
middle floors are inversely positioned to each other
(gPADIJER et al. 2005; SpaHIC 2006; MAROVIC et al.
2007).

The faults system has been studied in general, with
regard to the entire region, because it was determined
that these structures intersected all the structural
floors. Statistical data processing revealed two dis-
tinct directions of the faults: NW—SE and ENE-WSW
(SPADUER et al. 2005; SPAHIC 2006).

The second fault system (ENE-WSW) is detected
in the valley of stream of Banjski Potok (Banja
Creek). This is a highly complex dislocation zone,
marked in places by two or three faults and a crushing
belt that is several meters wide. The microlocations of
the thermal wells are found along this zone. The posi-
tions of the faults have been well documented by geo-
physical investigations, which show that the tectonic
surfaces dip steeply (70-80°) from the breakout zone
to the north-northeast. The fault zone was reached in
wells CRB-1 and RB-2. This zone is associated with
thermal water discharges (SPADIER er al. 2005;
ZIVANOVIC et al. 2010).

Hydrogeology

The presence of diverse petrographic types, inten-
sive tectonic and magmatic activity and the existence

(D

Jastrebacl' l i

Jastrebac Granodiorite

of rocks and sediments of varying degrees of porosity
have resulted in the formation of the alluvial and frac-
tured types of aquifers in the area of Ribarska Banja
spa. Additionally, terrains poor in aquifers were iden-
tified as a separate hydrogeological unit.

The alluvial aquifer is found in loose sand-gravel
deposits of the stream of Banjski Potok, with large
schist and granitoid blocks whose thickness is less
than 3.0 m. The groundwater levels are in direct hy-
draulic connection with surface water. The small areal
extent and small thickness of the alluvial deposits pre-
vents accumulation of significant groundwater reser-
ves in this aquifer.

Fractured aquifers were formed within the rocks
of the Upper Cretaceous-Paleogene metamorphosed
complex and the Mt. Jastrebac granitoid. The litholog-
ical composition and the intensity of fracturing of the
rock complex have led to the identification of three
aquifer subtypes in the Ribarska Banja spa area (Fig.
2): fractured aquifer in granitoid rocks (Ila), fractured
aquifer in the upper unit of semi-metamorphosed and
non-metamorphosed clastic rocks (IIb), and fractured
aquifer in the lower and middle units of metamor-
phosed Upper Cretaceous-Paleogene rocks (Ilc).

The fractured aquifer within the upper unit of semi-
metamorphosed and non-metamorphosed clastic
rocks (IIb) features good hydrogeological properties.
This aquifer is recharged along the edges of the Mt.
Jastrebac granitoid, through infiltration of surface
water and water from atmospheric precipitation (Fig.
2). A system of faults causes part of these waters to
circulate towards Ribarska Banja spa, and to be heat-

Ribarska banja Spa
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Fig. 2. Geological and hydrogeological section. Legend: 1, Miocene sediments (clay, sand and gravel); 2, Granodiorite-por-
phytite; 3, Granodiorite; 4, Contact-metamorphic Cretaceous-Neogene rocks; 5, Cretaceous-Neogene rocks (phyllite, meta-
sendstone, metasiltstone, conglomerate, sandstone); 6, Sericite, quartz-sericite, sericite-chlorite schist (Sseco), calcschist
and marble (Sca); 7, Epidote-actinolite, epidote-chlorite and chlorite schists (Sepak) and gabbro (v); 8, Gneiss; 9, Well;
10, Contact, certain; 11, Contact, approximately located; 12, Transgressive contact; 13, Gradational contact; 14, Fault,
approximately located; 15, Trust; 16, Fault zone; 17, Groundwater direction; 18, Thermal spring; 19, Recharge area.
Hydrogeological units: Ila, fissured aquifer formed in granite rocks; IIb, fissured aquifer formed in K,Pg unit; Ilc, fissured
aquifer formed in metamorphic rocks (Sseco+Sca and Sepak+v); III, low permeable rocks.
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ed along the way. The part of the aquifer below the
local base of erosion (the stream of Banjski Potok)
was previously drained via thermal springs featuring
temperatures up to 38 °C. These springs were active
until wells were drilled and these wells now drain the
aquifer.

Fractured aquifers formed in granitoid rocks (lla)
and those formed in the lower and middle units of
metamorphosed Upper Cretaceous-Paleogene rocks
(llc) feature poorer hydrogeological properties than
those of the upper unit. Groundwater occurs at shal-
low levels of these rocks and the fracture porosity, and
thus the water-bearing capacity, decreases with depth.
Generally speaking, relative to the groundwater in the
fractured aquifer of the upper unit (IIb), the granitoid
rocks (Ila) constitute an underlying barrier while
lower and middle units (Ilc) constitute a barrier for the
upward movement of groundwater whose temperature
is generally elevated.

Low permeable rocks are comprised of Precam-
brian gneisses and Miocene sediments, spreading east
and northeast of Ribarska Banja spa. The gneisses
tend to be highly fractured and degraded near the
ground surface, and may locally feature aquifers poor
in groundwater. At some places, these aquifers are dis-
charged via springs whose yield is less than 0.01 I/s.
They often dry out during longer summer periods. In
general, based on its hydrogeological properties, this
rock complex is a barrier to the flow of groundwater
from fractured or alluvial aquifers, and may be classi-
fied as impermeable or semi-permeable terrains.

In the vicinity of Ribarska Banja spa, Miocene sed-
iments are mostly composed of clays with low water-
bearing potential. Still, further east of the study area,
exploratory drilling revealed artesian groundwater in
the Miocene complex.

Hydrogeothermal resources of Ribarska
Banja spa

According to the data available from previous
research (LEKO et al. 1922; ProOTIC 1995) thermal
waters in Ribarska Banja spa were previously dis-
charged naturally via a series of springs distributed
along the stream of Banjski Potok, until the year 1969.
The yield of these springs varied (0.05—1.5 1/s), as did
the water temperature (16—38 °C). The main, hypso-
metrically lowest spring featured a water temperature
of about 38 °C. The total yield of all thermal springs
was some 2 1/s, which was insufficient for the needs
of the “Special Hospital”. This led to the drilling of
several exploratory boreholes/production wells, from
which thermal water has been exploited since 1970.

Boreholes are drilled in the zone of thermal water
discharge along the route of one of the gravity faults
(ZIVANOVIC et al. 2010): RB-1 was 100 m deep (later
replaced by well RB-5), RB-2 was 125 m deep and

RB-3 was 278 m deep. All featured thermal water,
pressures of 0.45, 2.75 and 3.2 bar, outflow capacities
of 2.0, 9.0 and 7.0 I/s and exit water temperatures of
21 °C, 32 °Cand 27 °C, respectively. Well CRB-1 was
drilled nearby borehole RB-2, with a water tempera-
ture between 38 and 42 °C. The artesian flow of the
well was 15 I/s and the initial water temperature was 41
°C. Once the exploitation of the well started in 1971, all
the small springs in the stream of Banjski Potok valley
dried out. Exploratory borehole RB-4 was drilled to a
depth of 852 m. Water from this well is 41.5 °C. The
well is used to fill the pools of the new Thermal Spa
Center. Deepest well in the Ribarska Banja spa is RB-
5 which was drilled at the location of the former shal-
low borehole RB-1, to a depth of 1543 m. Initial arte-
sian flow was 10 /s, featuring a water temperature of
54 °C and hydrostatic pressure of 5.85 bars.

Hydrodynamic research during the period from
2003 to 2013 included exploratory/production wells
CRB-1, RB-3, RB-4 and RB-5 (Table 1). It should be
noted that the thermal waters of RB-4 and RB-5 are in
direct hydraulic contact. The table shows the artesian
flows when all wells are operating.

Table 1. Hydrogeothermal resources of Ribarska Banja spa
based on hydrodynamic tests conducted from 2003 to 2009
(ZIVANOVIC & ATANACKOVIC 2013).

Well Depth Max outflow | Temperature
(m) capacity (I/s) °C)
CRB-1 163 9.5 38.7
RB-3 278 55 26.0
RB-4 852 33 41.5
RB-5 1543 92 54.0
27.5

Utilization of thermal water

All the four wells are in service: CRB-1 is used to
fill balneotherapy pools, RB-3 and RB-4 to fill the
pool of the new Thermal Spa Center, and RB-5 to heat
the entire resort.

At its maximum capacity of 9.2 1/s, the heat ener-
gy of RB-5 is 0.89 MWt (for a temperature reduction
by AT=23 °C). At the average annual rate of discharge
of 5.8 I/s, 17.60 TJ/y is utilized. The utilization factor
is 0.63. Similar utilization factors are calculated for
other exploitation wells (Table 2). Total energy uti-
lization at Ribarska Banja spa is 31.42 TJ/y, while the
thermal power at current outlet temperatures is esti-
mated to be 1.65 MWt. This amount of heat replaces
750.45 tons of oil equivalent, or 1072 tons of coal
equivalent. The relatively high outlet temperature and
relatively low utilization (capacity) factor indicate
that the thermal water potential is not completely
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Table 2. Utilization of geothermal energy for direct heat. Applied equations: Capacity (MWt) = Max. flow rate (I/s) x [inlet
temp. (°C) - outlet temperature (°C)] x 0.004184; Energy use (TJ/y) = Ave. flow rate (I/s) x [inlet temp. (°C) - outlet tempera-
ture (°C)] x 0.1319; Capacity factor = [Annual energy use (TJ/y) x 0.03171] / Capacity (MWt)

T(¢O Flow rate (Us) Capacity Energy use Capacity
Well Inlet Outlet Maximum Average (Mwt) (TJly) Factor
CRB-1 38.7 28.0 9.5 6.0 0.43 8.47 0.63
RB-5 54.0 31.0 9.2 5.8 0.89 17.60 0.63
RB-4 41.5 25.0 33 1.4 0.23 3.05 0.42
RB-3 26.0 21.0 5.5 3.5 0.12 231 0.64
Sum/Avr 1.65 31.42 0.58

exploited and that additional geothermal energy usage
can be achieved by cascaded water utilization.

Water temperature to 54 °C, can be used for ponds,
soil heating, melting snow, the production of alcohol,
food, for greenhouses, for manufacturing furniture,
cleaning wool and metal.

Methods

Chemical analyses of thermal waters sampled from
wells RB-4, RB-5 and CRB-1 were performed in 2011
at the Federal Institute for Geosciences and Natural
Resources (BGR) laboratory in Hannover. The sam-
ples were stored in polyethylene terephthalate (PET)
bottles (0.5 L) with PET caps, filled completely. Che-
mical analyses were performed in the laboratories of
the Federal Institute for Geosciences and Natural
Resources (BGR) in Hannover. The following tech-
niques were used for the analyses: ICP-AES induc-
tively coupled plasma atomic emission spectroscopy
(Ca, K, Mg, Na, Si0O,), IC ion chromatography (Cl, F,
SO,), titration (HCO5).

Well RB-3 was not available for sampling, so data
from analysis performed at the Institute of Chemistry,
Technology and Metallurgy (IHTM) laboratory in

was determined by conductometric method. Results
of chemical analysis are shown in Table 3.

Geothermometer calculations were made to assess
rock temperatures within the reservoir. Silicon and
cation geothermometers were used for the four deep
wells: RB-3, RB-4, RB-5 and CRB-1 (Table 4).

Stable isotopes 2H and 180 were determined at the
Technical University in Dresden on a mass spectrom-
eter in 2011 (Table 5). V-SMOW?2 and SLAP2 stan-
dards were applied.

RAD?7 instrument was used for determining 222Rn
concentrations in the water samples. The activity con-
centrations of 226Ra in the thermal water samples were
also measured by the gamma-spectroscopy method and
the results are shown in Table 5 (NIKOLOV et al. 2014).

Results and discussion

Hydrogeochemical properties of thermal waters.
The thermal water samples at Ribarska Banja spa
were found to be alkaline with a low EC (Table 3).
According concentration of anion, it is apparent that the
SO, and HCO; concentrations were roughly the same
(in % eq), but that the deep wells (RB-4 and RB-5) fea-
tured higher SO, than HCO; concentrations, while

Table 3. Chemical analyses and stable isotopes of thermal water samples.

Sample pH EC Na K Ca Mg HCO, | CO, SO, Cl Si0, F

(uS/em) | (mg/l) | (mg/) | (mg/l) | (mg/D) | (mg/) | (mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l)
RB-4 9.1 417.0 | 88.5 1.5 1.9 0.03 111.0 6.0 92.9 1.78 43.6 2.05
RB-5 9.2 426.0 | 884 1.5 2.0 0.01 97.0 8.0 95.8 1.78 434 2.04
CRB-1 8.4 424.0 | 82.0 2.0 8.67 1.7 149.0 3.0 73.8 2.64 38.6 1.49
RB-3 8.0 360.0 | 72.5 1.6 18.4 4.0 165.0 3.6 65.1 10.7 35.0

Belgrade in 2004. UV-VIS spectrophotometry was
applied for SO,, volumetric method for HCO;, CO4
and Cl, while AAS spectrophotometer was used for
cations. For all samples, pH and temperature were
determined in the field, and electroconductivity (EC)

HCO; was dominant over SO, in well CRB-1 and
RB-3. Obviously at greater depths there are consider-
able inputs of SO,4, while closer to the surface HCO,
dominates. Sulfur is widely distributed in reduced
form as metallic sulfides (HEM 1985). Pyrite (FeS,)
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was found in a wide area around Ribarska Banja spa,
which explains the high concentration of SO, in the
groundwater there. Additionally, the cooler water
samples were richer in Ca and Mg than those collect-
ed from the deep wells.

High concentrations of fluoride indicate the ground-
water circulation through joints and faults in metamor-
phic and igneous rocks (PETROVIC et al. 2012). The
geological source of fluoride in groundwater is relat-
ed to the mineral composition of fluorite, fluoroapa-
tite, cryolite, amphibolites and micas (DANGIC &
ProTIC 1995; CHAE et al. 2007).

The chemical composition of Ribarska Banja spa
water, make this water healing. Water is used in balneo-
therapy as a treatment aid for locomotor system disor-
ders and conditions (such as rheumatism, bone and joint
injuries, bone fractures and bone and joint surgery).

Solute geothermometry. The geothermometers
applied (Table 4) indicated that higher temperatures
may be expected in the geothermal reservoir than those
detected to date in the deep wells. Chalcedony geo-
thermometers suggested that the temperatures within
the system were from 55 to 67 °C, closely matching the
temperatures measured inside the well. Such tempera-
tures were also indicated by the Na-K geothermometer
(according to ARNORSSON et al. 1983). Temperatures
calculated by Na-K geothermometers are not accept-
able in this case because of the higher pH values and
the groundwater temperatures below 100 °C. Results
obtained by Na-K-Ca geothermometers are also not
acceptable because of low compound of Ca and
groundwater temperature. Significant temperature dif-

ference between shallower (CRB-1, RB-3) and deeper
boreholes (RB-4 and RB-5) indicates the inflow of
colder waters rich with Ca in the shallow boreholes.

It is generally believed that chalcedony, cristobalite
and amorphous silica can control the solubility of sil-
icon at low temperatures (FOURNIER 1977), although
this is not always the case. All quartz geothermometers
showed roughly the same temperatures (from 85 °C to
97 °C), regardless of the applied method. The reliabil-
ity of quartz geothermometers is generally the highest
at temperatures from 120 to 250 °C (ARNORSSON 2000),
although if water has been in contact with rocks over
a long period, quartz may control the solubility of sil-
icates at temperatures below 100 °C (CHELNOKOV
2004). According to these geothermometers, the high-
est temperature was expected in wells RB-5 and RB-
4 (about 95 to 97 °C).

Isotopic properties of thermal waters (6130,
62H, 222Rn, 226Ra). The isotopic composition were
determined as between §2H = —77.12%o and —77.43 %o,
and 8180= —10.85%0 and —11.01%o (Table 5). Stable
isotopes were used to determine the recharge of water.
The stable isotope values of the wells at Ribarska
Banja spa were distributed along the global meteoric
water line, GMWL (CRAIG 1961), indicating recharge
by atmospheric precipitation (Fig. 3).

Based on isotope values for geothermal water of
Serbian Crystalline Core (PETROVIC PANTIC 2014),
recharge zone of Ribarska Banja spa thermal water is
defined above 1000 m a.s.l. The highest peak of Mt.
Jastrebac-Dulica is at 1492 m a.s.l., suggesting that
the geothermal system of Ribarska Banja spa is

Table 4. Determination of aquifer temperature by geothermometers (index q-quartz, ch-chalcedony). » SiO, geothermome-
ter (FOURNIER 1977); P SiO, geothermometer (FOURNIER 1977); © SiO, geothermometer (FOURNIER & POTTER 1982); 9 SiO,
geothermometer (FOURNIER & POTTER 1982); © SiO, geothermometer (ARNORSSON et al. 1983); D SiO, geothermometer
(FourNIEr 1977); ® Na-K geothermometer (GIGGENBACH 1988); W Na-K geothermometer (NIEvA & NIEvA 1987); D Na-K
geothermometer (FOURNIER 1979); ) Na-K geothermometer (ARNORSSON ef al. 1983); ¥ Na-K-Ca geothermometer

(FOURNIER & TRUESDELL 1973);

we | T | ma | ome | oms | 19 | Th | Ta | Tha | Thex [Taex | Thax | Thekcs
(°0O) O | CO | CO | CO | CO | (O | (O | O | O | (O O
CRB-1 387 | 90.1 | 924 | 906 | 91.0 | 614 | 394 | 1402 | 1089 | 1199 | 849 62.7
RB-3 26.0 | 859 | 887 | 86.4 | 8.8 572 | 549 | 1349 | 103.6 | 1145 | 79.0 414
RB-4 41,5 | 955 | 97.1 | 959 | 962 | 66.8 | 65.1 | 121.6 903 | 100.8 | 64.4 86.6
RB-3 54.0 | 953 | 969 | 958 | 96.0 | 66.6 | 649 | 121.7 90.4 | 100.9 | 64.5 85.5

Table 5. Content of 6180, 82H, 222Rn, 226Ra in Ribarska Banja spa water.

s 3 Activity concentration of Activity concentration of
Sample 50 (%e) 5'H (%o) hp (Ba/L) g Ba/L)
RB-4 -10.99 -77.33 12+7 0.32+0.19
RB-3 —11.01 -77.43 534+ 8 048+0.18
CRB-1 —10.85 -77.12 104+ 15 0.26 £ 0.08
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Fig. 3. The 2H versus 180 diagram for thermal water of
Ribarska Banja spa (wells RB-4, RB-5 and CRB-1). Global
world meteoric line GWML (CRAIG 1961).

recharged on Mt. Jastrebac within K—Pg contact meta-
morphic rocks. This is also confirmed by the low con-
centrations of 130 and 2H because low isotope con-
centrations are related to waters recharging in the win-
ter months at high attitudes (HADZISEHOVIC et al.
1995; KEBEDE et al. 2005).

Water from shallow well CRB-1 in Ribarska Banja
spa has the highest concentration of 222Rn, and the
lowest concentration of 226Ra. Opposite of this sample
is sample from well RB-5 with the highest Ra and the
lowest 222Rn. 222Rn is appear in fault and this is a rea-
son why their concentration is highest from CRB-1
which is from fault zone in schist. High concentration
of 222Rn could indicate an active fault zone, as well
known that area of Ribarska Banja spa is marked with
neotectonic movement.

Geothermal potentiality. Based on temperature log
at borehole RB-5 (H=1178 m), temperature gradient is
0,051 °C/m. The heat flow density is 163.5 mW/m?
(PETROVIC PANTIC 2014) and heat conductivity of schist
has been found to be 3.21 W/mK (MILIVOJEVIC & PERIC
1990). A significant geothermal potential of Ribarska
Banja spa is indicated by the average value of geother-
mal gradient in the world ranging 0.025 to 0.03 °C/m
(DicksoN & FANELLI 2004) and average Earth heat
flow density of 91.6 mW/m?2 (Davigs & Davigs 2010).

At the area of Ribarska Banja spa 36 boreholes
(from 20 to 100 m) were drilled (MiLOVANOVIC 1978)
in order to define thermal properties of rocks
(PEROVIC et al. 1978) as well as the geothermal gradi-
ent and heat flow density of the wider area.

The map of heat flow density (Fig. 4) shows that
the highest values of heat flow are observed south of
the spa. The resulting value of the density of heat flow
in the well RB-5 of 163.5 mW/m? corresponds to the
density of heat flow in the area of the spa defined by
interpolation of values from boreholes up to 100 m.

The depth of thermal water circulation can be deter-
mined based on the temperature at which groundwa-
ter is circulating (defined using geothermometers) and
the geothermal gradient determined for a given area
(ALLEN et al. 2006). Reliability of this method
depends on selected geothermometers and reliability
of temperature log.

The value of the geothermal gradient of 51 °C/km
for Ribarska Banja spa is determined in the borehole
RB-5. The temperature of 95.3 °C calculated on the
basis of quartz geothermometers can be expected at
the depth of 1.87 km. Borehole RB-5 is drilled to
1543 m, with a registered maximum temperature of
about 80 °C, and therefore the depth of the thermal
waters circulation of 1.87 km is quite realistic.

Hydrogeothermal system of Ribarska Banja
spa. The Mt. Jastrebac granitoid has generally been
identified in the literature as the heat source of the
geothermal system of Ribarska Banja spa (MILOVA-
NovIC 1980). The reason for this is the location of the
granitoid relative to the locations of the thermal
springs, such that the hydrogeothermal system of
Ribarska Banja spa is often referred to as the Mt.
Jastrebac hydrogeothermal system. Based on K/Ar
analyses, the granitoid was found to be of an Eocene
age of 37 million years (CERVENJAK et al. 1963).
Numerous occurrences of vein rocks in the extended
area of Mt. Jastrebac are indicative of the granitoid
beneath sedimentary strata.

Geomagnetic investigations conducted in the Pe-
tina area northwest of Ribarska Banja spa have detect-
ed a large geomagnetic anomaly of an elliptical shape.
The anomaly was caused by a granitoid intrusion at a
depth of about 2000 m, below Upper Cretaceous-Pa-
leogene and Neogene sediments. This intrusion was
emplaced in the Post-Paleogene period, or in the final
stage of magmatism (VUKASINOVIC 2005). As this is a
young granitoid and given that overlying sediments
prevent heat dissipation, it was assumed that the intru-
sive body was the heat source of the geothermal water.
This assumption has been supported by negative val-
ues of gravitational anomalies (MILOJEVIC 2004) from
Petina to Ribarska Banja spa, as a result of deposition
of the tectonically fractured granitoid in a trench or,
more likely, of undetected apophyses that may be part
of the Mt. Jastrebac granitoid.

In magmatic areas, heat is most often transferred
through contact-metamorphosed rocks or hard mag-
matic rocks. Based on the measured heat conductivity
of 3.87 W/m°C (PEROVIC et al. 1978), contact-meta-
morphosed Upper Cretaceous rocks are the best heat
conductors. In addition to this function, the complex
also serves as a reservoir, such that thermal ground-
water is stored within the faults and fractures of con-
tact-metamorphosed rocks, from where they circulate
to Ribarska Banja spa. Considerable amounts of water
were found to be present in these fractures and faults.
Water temperatures at the point of discharge measured
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Fig. 4. Interpolated heat flow density map created using Inverse Distance Weighting (IDW) method (according to MiLo-

VANOVIC 1978).

from 26 to 54 °C, while inside the reservoir, accord-
ing to quartz geothermometer are expected to be up to
97 °C.

The overlying and lateral barriers of the hydrogeo-
thermal system of Ribarska Banja spa are comprised
of Lower and Middle Cretaceous-Paleogene rocks and
gneisses. The heat conductivity of these rocks has
been found to range from 2.14 to 3.18 W/mK (PErO-
VIC et al. 1978).

Based on research conducted to date, the main fea-
tures of the hydrogeothermal system of Ribarska
Banja spa may be defined as follows (Fig. 2):

e The system is recharged at Mt. Jastrebac, within
K-Pg sediments, through precipitation infiltra-
tion;

¢ Contact-metamorphosed Upper Cretaceous rocks
are good heat conductions of this system;

e Tectonic zones/systems of faults and fractures
within the Upper Cretaceous contact-metamor-
phosed rocks are the reservoirs of the system;

e Lower and Middle Cretaceous-Paleogene rocks,
gneisses and Neogene sediments constitute the
system’s hydrogeologic and temperature barrier;

e A granitoid intrusion at Petina, emplaced in the
final stage of magmatism, is the heat source.

Conclusion

The hydrogeothermal system of Ribarska Banja spa
was defined on the basis of structural geology, geo-
physical, geothermal, hydrogeological, hydrodynamic
and hydrochemical research conducted in the narrow
and extended zones of thermal water discharges. The
research project reported in this paper has shown that
the heat source is a younger granitoid intrusion in the
Petina area, emplaced in the final stage of magmatism.
The recharge zone is at high altitudes of Mt. Jastrebac,
made up of Upper Cretaceous-Paleogene clastic rocks.
Waters originating from atmospheric precipitation and
small surface streams are infiltrated and circulate to
Ribarska Banja spa along faults perpendicular to this
rock complex. The upper hydrogeological and temper-
ature barrier is comprised of metamorphosed rocks
dominated by chlorite and chlorite-sericite schists,
gneisses and overlying Neogene formations.

The resources of the hydrogeothermal system of
Ribarska Banja spa amount to 27.5 1/s. Based on their
chemical composition, these are oligomineral waters,
where Na is the dominant cation. With regard to the
anion composition, waters closer to the surface are of
the HCO; type and with increasing depth they become
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SO4-HCO;. In addition to balneotherapy and recre-
ation, the quantity and quality of the hydrogeothermal
resources can support heating of thermal spa facilities.
Current energy utilization is 31 TJ/y, but estimated
thermal capacity of 1.65 MWt and energy utilization
factor of 0.58 indicates that additional geothermal
energy can be used. Expected reservoir temperatures
of about 97 °C, can be expected at a depth of 1.87 km.
Geothermal gradient is 0.051 °C/m, while heat flow
density is 163.5 mW/m?2.
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Pe3nme

XuaporeorepMaiHe KAPaAKTEPUCTUHKE
nojazemunx Boaa Pubdapcke bame,
nenrpanana Cpouja

Pubapcka bama ce Hamaszu y neHTpagHoM nery Cp-
Omje, Ha ceBepO-UCTOUYHUM MaguHama Bemmkor Ja-
cTpebia. Y reonomkoj rpahu TepeHa TOMHHUPA]Y 3€-
JIeHW MKpUIbH. 3amanHo ox Pubapcke bame yTHCHYT
je JacTpebauku TpaHHWTOWI, TIOK C€ CEBEPO-UCTOUHO
MpY’Xajy MHOIIEHCKH CEONMEHTH. Y XHUAPOTeOJIONI-
KOM TIOTNIeAly M3/1Bajajy ce cuenehe m3manu: amyBu-
jamHa W mykKoTWHCKAa. Hajehe konmmumHe Boma Jo-
OmjeHe cy W3 TYKOTHMHCKE H3MaHH (opMHpaHE Y
TOpIEM TTaKeTy c1abo MeTaMopducCaHuX CTeHA Kjlac-
TUYIHOT KapakTepa.

VY 0amu TPEeHYTHO IOCTOje YeTHpH OymoTuHe (Or
163 o 1543 m) U3 KOjUX C€ eKCIUIOATHINY IMOA3EMHE
BOIe, MaKCHMaJIaHOT Kararutera 27,5 1/s, Temmepa-
Type of 26 no 54 °C. [IpuMeHOM KBapLHUX [€OTEPMO-
MeTapa, OYeKHMBaHa TeMIleparypa pe3epBoapa Imoa3eM-
HUX Bojia je y orcery on 85 o 97 °C u ta Temmeparypa
ce MoXe odekrBary Ha ryowau ox 1,87 km. [lo xemwu;j-
CKOM CacTaBy BOJI€ CY MAJIOMHHEPATH30BaHE, aKaTHE,
SO4-Na nmmun HCO;-Na ca moBuIIEHHM caipikajeM
tryopa. Y pany cy mpuMemeHe H U30TOTICKE aHaJIH3e.
Ha ocuoBy msoroma 62H u 6!80 mnpuxpamuBame
MTOJI3EMHHX BOJIa C€ BPIIM IMaJaBUHAMa W OTallambeM
CHEXHOT TMOKpHBauya Ha BucuHama u3Haa 1000 M.H.B,
mTo ofroeapa IuaHuHU Bemuku Jactpeban. Hajsurra
KOHIIeHTpanja 222Rn onpeheHa je y Boau u3 OyIio-
tune L|Pb-1 rae je Boma 3axBaheHa u3 pacemHe 30He.

[Ipoy4aBamem reorepMaiiHOT MOTeHIMjana Pubdap-
cke bame, camo y 6ymoruau PB-5, nobujena Bpemnoct
reorepMaiHOT rpaaujeHTa u3Hocu 0,051 °C/m, nok je
I'yCTHHA TOIUIOTHOT Toka 163,5 mW/m2. ¥V pany je
neuHUCAaH XUIPOTeOTepMAIHA CHCTeM Pubapcke
bame, Tako ca cy naru crienehn eneMeHTH cucTeMa:

® TpuUXpamUBamke Ce BPIIM HAa IDIAaHWHU JacTpe-

Oarr, y okBupy K-Pg cenumenara, nadunpanu-
joMm arMochepcKuX BOJA;
e 100pW TPOBOJHHIM TOIJIOTE y CHCTEMY CY
KOHTaKTHO-MeTaMOp(HE CTeHE TOPHE KPee;

® TEKTOHCKE 30HE, CHCTEMH pace[a W MyKOTHHA Y
OKBUPY KOHTAaKTHO-METaMOP(GHUX CTE€HA TOPHE
KpeJie MpeCcTaBibajy pe3epBoape CUCTEMA,
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e Oapujepy cuctema (XHIPOTEONIONMIKY M TeMIIe-
parypHy) IpeACTaBIbajy CTEHE OWmET U CPEAmHET
KpETHO-TTaJICOreHOT KOMILIICKCa, THAjCEBU U HEO-
TeHU CETUMCHTH;

® K3BOp TOIUIOTE TMpPEACTaB/ba TPAHUTOUTHU
UHTPY3UB Koj IleTwHe (ceBepo-3amagHo Of
Oame), yTUCHYT Y TIOCIIENEb0j a3u MarMaTruiMa.

TepmManHe Bosie ce BHIICHAMEHCKH KOPUCTE, 3a My-
memke 0a3eHa, 3a 3arpeBame 00jexara, Kao CaHWTapHa
TOIJIa BOAA. YKyNHa eHepruja uckopumhema Pu-
Oapcke bame je 31,42 TJ/y ca TepMaTHHM Kamaru-
TetoM on 1,65 MWt u ¢akropoM HcKopHIIherma O
0,58.
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Clogging of water supply wells in alluvial aquifers
by mineral incrustations, central Serbia
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Abstract. The formation of incrustations on public water supply well screens reduces their performance con-
siderably. The incrustations increase hydraulic losses, reduce the capacity of the well and screen, affect the qual-
ity of the pumped water and increase maintenance costs. In alluvial environments, the most common deposits
are iron and manganese hydroxides. However, the rates of formation, compositions and levels of crystallization
vary, depending on the geochemical characteristics of the alluvial environment, the microbiological characteris-
tics of the groundwater and the abstraction method. Samples of 15 incrustations were collected from wells that
tap shallow alluvial aquifers and were found to be dominated by iron. XRD analyses detected low-crystalline
ferrihydrite and manganese hydroxide in the samples collected from the water supply source at Trnovce (Velika
Morava alluvial). The incrustations from the Belgrade Groundwater Source revealed the presence of ferrihydrite
and a substantial amount of goethite a-FeOOH. Apart from goethite, greigite (Fe;S,) was detected in three sam-
ples, while one sample additionally contained bernalite Fe(OH); and monoclinic sulfur Sg. Among carbonates,
only siderite was detected. Iron oxidizing bacteria generally catalyze deposition processes in wells, while sulfate
reducing bacteria (SRB) play a role in the biogenic formation of greigite. Determining the nature of the deposit-
ed material allows better selection of rehabilitation chemicals and procedure.
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AncrpakTt. @opMupame HHKpycTallija Ha GUITEPCKAM KOHCTpyKIHjaMa OyHapa cMamyje HHXOBE Iep-
tdopmance. CtBopeHH Tano3u noBehaBajy Xuapayandke TyOUTKe, CMambyjy KamanuTeT OyHapa, IoTropIiaBajy
KBaJIUTET EKCIUIOATHCAHE BOJIE U ITOBehaBajy TPOIIKOBE OpIKaBara BOJ03axBara. Y OyHapHMa KOjH 3aXBarajy
moZI3eMHE BOJIC aTyBHjaIHUX M3aHU Hajuemrhe ce jaBbajy Tano3u reoxha u manrana. Mmak, Op3uHa dop-
MHpPaba, CACTaB U CTEIEH KPUCTAMHUTETA Tajora, 3aBUCE OJI TCOXEMHUJCKHUX KapaKTePUCTHKA CPEHHE, MH-
KpPOOMOJIOIIKNX KapaKTePUCTHKa M METOJE 3aXBaTama BoJe. 3a MOTpede NCTpakKMBama aHAIM3UpaHo je 15
y30paka HHKpyCTalnja y3eTHX n3 OyHapa Koju KalTUpajy IUTMTKE alyBUjaliHe U3aHu. PeHreHcka mudpaxmmja
MoKasasna je JJOMHHaHTHO yuenrhe (pepuxuIpuTa U XUAPOKCH/a MaHTaHa HICKOT CTeleHa KPUCTAINHUTETA y
y30pIiMa Tajiora ca u3opuinra Tpaopue (anysujoH Benrnke Mopage). HkpycTanuje u3 OyHapa ca XOpHU30H-
TaJIHUM JIPEHOBHMMa beorpackor U3BOpHINTA ITOJ3EMHUX BOJIa OCHM (pEepUXHIPUTA caapike 3HAYajHE KOJIH-
yuHe retuta 0-FeOOH. Y Tpu y3opka ocum rerura, gokas3aHo je npucyctBo rpejruta (Fe;S,), ok je jenan
y30pak cazapikao mopen opux muHepana 6epHanut (Fe(OH);) n MmoHOKITHHIYHE cyMIiop Sg. Ox kKapOOHATHUX
MHUHepaJa JeTeKToBaH je cuneput. [ Boxhe okcuanmryhe 6akrepuje kaTaimzyjy npouece GopMupama Tajaora
y OyHapuMa, JOK cyidaro-penykyjyhe Oakrepuje (CPB) mmajy ynory y OmoreHoMm ¢opMupamy TpejrHTa.
OnpehuBame MIHEPATOMIKOT cacTaBa OyHAPCKHUX Tajora U HaunHa BUXOBOT ()OpMHpama KIbYJHO je 3a 00U
omalup MocTymaka u cpefcTaBa 3a (YH3NIKO-XEMHU]jCKe pereHepaije OyHapa.

Kibyuyne peun: axyBujanHe u3ganu, OyHapH, HHKpycTaImje, Oakrepuje, earpamHa Cpouja.

Introduction bia, around 70% of the water supply comes from
groundwater of which over 50 % comes from alluvial

Alluvial environments are collectors of groundwater, aquifers (DIMKIC et al. 2007a). However, groundwater
which is often used for the public water supply. In Ser- abstraction is often hindered by well clogging. It is well-
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known that the formation of well incrustations leads to
numerous adverse consequences, such as declining well
capacity over time, reduction in conveyance capacity of
the well screens and growing hydraulic losses.

The aim of this paper is to indicate the different
mineralogical incrustations formed on screen slots of
shallow wells taps different redox environments. The
given results could improve well rehabilitation tech-
niques and help in decision making for using appro-
priate chemicals depending on incrustation type.

Because of the adverse impact on groundwater
abstraction, incrustation has been studied with regard
to the iron oxidation rate and the formation of
oxy(hydroxides) on screen slots by APPLIN & ZHAO
1989; WALTER 1997, HOUBEN 2006, HOUBEN &
TRESKATIS 2007, MaIKIC 2013, while van BEEK 2011
examined declining well capacity as a result of me-
chanical clogging. Incrustations of screen slots are
most often formed when the screens are positioned
such that they tap different vertical geochemical zones
(HOUBEN 2006, MAJKIC-DURSUN et al. 2012).

Most aquifers feature hydrochemical zonality. In
alluvial aquifers, for instance, the amount of dissolved
oxygen tends to decrease along the flow from the river
to the aquifer, but also in the vertical direction, from
the ground surface to the depth of groundwater. Being
a strong oxidant, oxygen is generally used for oxidiz-
ing organic substances, but it is also expended in min-
eral weathering. The deeper and more distant the well
is from the river, the tapped groundwater becomes an
increasingly reducing. In neutral media (pH =7),
redox zones can be identified according to the follow-
ing descending sequence (JURGENS et al. 2009):

As the redox potential decreases, the following re-

0, > NO; — Mn** — Fe™* — SO;” - CO,

duction reactions will take place: transformation of
nitrate into nitrogen, reduction of manganese(IV),
reduction of Fe(Ill), transformation of sulfate into hy-
drogen sulfide and, at a very low redox potential, me-
thanogenesis (MCMAHON & CHAPELLE 2008, JURGENS
et al. 2009).

Iron, as the fourth major constituent of the Earth’s
crust, plays an enormous role in biogeochemical reac-
tions (STRAUB ef al. 2001, RODEN et al. 2004, FORTIN
& LONGLEY 2005, DIMKIC et al. 2011). Under reduc-
tion conditions, iron travels underground as dissolved
Fe(II). In the presence of oxygen, in media exhibiting
close-to-neutral pH value, iron rapidly oxidizes into
insoluble Fe(III), producing iron oxy(hydroxides) and
oxides (DAVIDSON & SEED 1983, STUMM & MORGAN
1996, HouBeN 2003, MAJKIC 2013). The transforma-
tion of soluble Fe(Il) into insoluble Fe-oxy(hydrox-
ide) requires mixing of oxygen-containing water with
reducing water carrying dissolved iron ions (van BEEK
et al. 2010). Mixing of groundwater from different
geochemical zones can also be a result of permanent

drawdown in the near-well region, due to over-exploi-
tation (APPLIN & ZHAO 1989, LARROQUE & FRANCE-
scHI 2011, MaJkiC 2013). Increasing pH levels and
the release of CO, also affect the rate of iron oxidation
(DAVIDSON & SEED 1983).

Oxidation of Mn(Il) requires a higher oxidation
potential (0.6-1.2 V) than the oxidation of Fe(II)
(0.0-0.5 V) (HouBeN & TrEskATIS 2007). The deposi-
tion of manganese is much slower than that of iron;
the process is accelerated at high pH values (pH > 8)
(MARTIN 2005). Sulfates can be reduced in the
groundwater of shallow alluvial sediments, which
CHAPELLE et al. (2009) associate with a possibly high
reaction rate between Fe(Il) and H,S, producing insol-
uble iron sulfides (FeS).

The role of bacteria in the formation of incrusta-
tions can be very important in terms of catalyzing
reaction rates and forming biofilm, as well as from the
perspective of the biogenic origins of minerals (SMITH
& TUOVINEN 1985, CULLIMORE 1999, LovLEY 2000,
EHRILCH 2002, FRANKEL & BAZzYLINSKI 2003, EMER-
SON & WEISs 2004).

In order to study well clogging, two different allu-
vial sources were selected in the present research.
Long-term groundwater chemistry monitoring had
been undertaken at these water supply sources and the
results of microbiological analyses revealed incrusta-
tions on well screens. The Water Supply Source Tr-
novce (Fig 1.) was chosen as an example of extreme-
ly rapid clogging and formation of considerable
incrustations on well screens and well pump discharge
pipes (MAJKIC-DURSUN et al. 2012, MaJki¢ 2013).
The Belgrade Groundwater Source (Fig 1.) was
selected because of its importance for the public water
supply of Serbia’s capital. The wells at this source tap
the alluvium of the Sava River, while those at Trnovce
tap the alluvium of the Velika Morava River.
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Fig. 1. Sampling sites: water supply sources Trnovce and
Belgrade.
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Study Areas

At the location of Trnovce Water Supply Source the
aquifer is comprised of alluvial sediments, whose
total thickness is about 15 m. The part of the aquifer
from which groundwater is extracted is predominant-
ly represented by sandy gravels (Fig. 2.). The average
thickness of these sandy-gravels in the Trnovce area is

Six tube wells (BT-16, Bn-9G, Bn-8a, Bn-6, Bn-5
and Bnz-1) were selected at Trnovce groundwater
source for well deposits analysis.

General data for each selected tube well from
Trnovée groundwater source are given in Table 1.

The Belgrade Groundwater Source is comprised of
99 radial wells and about 50 tube wells, located along
the Sava’s bank upstream from its confluence with the

N Danube. The Sava River allu-
1 vial was developed through
several sedimentation cycles

95.0 95.0 and sequences: sandy gravel,
Brz-1 Bn-6 Velika Morava River sands of various grain sizes,

90.0 90.0 and silty and clayey sediments.
: The thickness of the Quater-

85.0 85.0 nary strata is up to 25 m.
Divki¢ & Pusi¢ (2014) distin-

80.0 80.0 guish, two cross-sectional zo-
: A | A nes, with regard to the grain

750 FEEICIR S e 75.0 sizes of the sediments. Accord-
SRS Well'screen ing to those authors, Lower

70.0 700 zone is consisting of coarse-
0 250 500 750 1000 grain sediments (Fig 3) in

\/ {[| Humus layer

Sandy gravels permeable layer
1 Groundwater level 15.07.2010

it Sands permeable layer

Clays impermeable layer
2 Groundwater level 07.10.2011

Fig. 2. Simplified hydrogeological cross section from tube well Bnz-1 to Bn-6

Semi-permeable sandy and dusty clay layer

* Piezometer

which radial well laterals are
installed (Table 2). Grain sizes
of Lower zone rang from
medium-grain sand to fine-
grain gravel. These sediments
occasionally feature clay, san-
dy clay and silt interbeds and

Table 1. General data for selected tube wells at the Trnovce groundwater source. BT-16 was drilled in 2007. n.a., not available.

y N . . Qav200/ Eh
Tube well | Depth (m) Screen poslmon Pump poslltlon Distance from the river Q2012 aver.
(mas.l) (mas.l) (m) Q(Lis) (mV)
BT-16 15.3 83.12-78.62 77.1 645 -/n.a. 89
Bn-9G 16.0 80.88-76.62 76.0 520 11.2/6.5 229
Bn-8a 15.0 82.50-76.50 78.5 1080 9.2/5.3 n.a
Bn-6 14.5 83.00-77.00 76.5 470 9.9/5.0 175
Bn-5 15.1 82.55-75.15 76.9 350 9.0/3.0 234
Bnz-1 13.6 82.16-76.16 76.2 780 20.0/5.1 162

about 10 m, but the thickness of saturated part of
aquifer is usually smaller (MAJKIC-DURSUN et al.
2012). The sandy-gravel sequence is covered by fine-
grain sediments, generally sandy and dusty clays,
dusty sands and sandy clays whose thickness ranges
from 5 to 6 m (Fig. 2.). Aquifer floor is made from
Neogene clays. The thickness of water saturated part
of the aquifer varies during the year, but generally
groundwater pumping levels are felt into zone of well
screens (MAJKIC-DURSUN et al. 2012, MaJKIC, 2013)
(Table 1).

lenses: while the Upper zone is consisting of fine-grain
sediments, with poorer filtration properties (Fig. 3).

General data for selected radial wells from Belgra-
de groundwater source are given in Table 2.

The radial wells are situated adjacent to the river,
and some well laterals are below the riverbed, most of
the groundwater that flows to the wells is partly from
the wider zone of the alluvial aquifer, and partly from
the deeper aquifer. The main redox characteristic of
this source is a relatively low Eh, generally below 150
mV (Table 2).
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Table 2. General data for selected radial wells from Belgrade groundwater source (*radial well RB-7 set laterals in two posi-

tions).
. Pumping water
Radial Well depth Lateral position | Total lateral number/ level (in 2014) Qinital/ Qwel12014 ER ayer
well (m) (mas.l) Number of active laterals (m a.s.]) (L/s) (mV)
RB-42 25.7 50.5 8/3 55.59 110.0/12.5 85
RB-46 23.6 524 8/5 58.03 116.0/16.8 75
RB-48 32.0 45.5 8/6 53.87 135.0/23.0 80
RB-3m 232 53.0 8/4 59.16 185.0/44.0 100
RB-3 27.6 48.5 11/1 53.21 225.0/5.2 120
RB-4 253 504 8/8 58.05 318.0/105.0 160
RB-7* 24.5 (D 50.5 10/6 55.20 196.0/18.0 100
(1 51.3
RB-69 18.6 58.2 8/3 63.18 100.0/6.3 100
RB-83 24.0 53.0 8/7 56.25 100.0/41.0 110
Ostruznica Bridge PS. Petrac tions were to be tested was the
RB-48 RB47 RB-46 RB45 RB-44 RB-43  RB-42 ex1stence.of dlfferenjc pxidans
80.0 Upper zone . 800 on-reduction categories based
&

e _F__N_H___:fﬁif _ [ J— |t on the outcomes of groundwa-
o0y AT 3 = = 70 ter chemical analyses. Accord-
50.0 : 60.0 ing to JURGENS et al. (2009)

and Mai¢ (2013), ground-
50.0 : TEEESSostErEaAF RS 50.0 water samples are often mix-

253 AANNNNANB PASRET 25 28 28 .

400 Lower zone L aterie 100 ture of multiple layers of an

aquifer, and that mixing in

0 500 1000 1500
=74 Sandy clays semi-permeable layer i

B85 Sandy gravels permeable layer Adw Clays impermeable layer

Fig. 3. Simplified hydrogeological cross-section from radial well RB-48 to RB-42
(Belgrade groundwater source - the Sava River right waterside; sector Surcin).

Materials and methods

Samples of 15 incrustations, collected from wells
that tap shallow alluvial aquifers, were analyzed for
the purposes of this research, following special-pur-
pose groundwater chemistry monitoring from 2006 to
2013 at Belgrade and 2008-2013 at Trnov¢e ground-
water source. The results of groundwater chemical
monitoring were used to define the predominant redox
processes, applying the chemical criteria proposed by
MCMAHON & CHAPELLE (2008), JURGENS et al. (2009)
and chemical and microbiological criteria proposed by
MaAJKIC (2013). The redox categories and prevailing
redox processes were identified using the input data
and the threshold values established in the Workbook
for identifying redox processes (JURGENS et al. 2009).
The criterion for the selection of wells whose incrusta-

2000
Sands permeable layer [[77] Semi-permeable interlayer

* Piezometer

well bore can produce chemi-
stry results that suggest multi-
ple redox condition. Commer-
cial Biological Activity Reac-
tion tests (BART) were used
for microbiological analyses
of groundwater. During inves-
tigation four different BART
tests were applied: IRB BART
(for Iron-related bacteria), SRB BART (for Sulfa-
te—reducing bacteria), HAB BART (for Heterotrophic
aerobic bacteria) and SLIME BART (for Slime form-
ing bacteria). Six wells were selected at Trnovce
groundwater source (BT-16, Bn-9G, Bn-8a, Bn-6, Bn-
5 and Bnz-1), where the redox category was deter-
mined to be mixed oxic-anoxic (mixture of oxygen and
iron-reducing groundwater O,-Fe(Ill)). At Belgrade
groundwater source, the selected wells included six
radial wells (RB-7, RB-42, RB-4, RB-83, RB-69, RB-
3), whose redox category was anoxic (iron-reducing
groundwater), and three wells that fell into the mixed
anoxic category (wells RB -3m, RB-46 and RB-48),
defined as iron and sulfate-reducing groundwater
(Fe(IIT)-SOy).

Prior to sampling, the wells were visually inspect-
ed with an underwater (GeoVISION Deluxe) camera.

2500
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Incrustations from the radial well laterals at Belgrade
were sampled by specially-trained divers, who
removed the incrustations from the inside of the later-
als. At Trnovc¢e, incrustations were sampled from tube
wells during the course of mechanical regeneration,
prior to applying chemicals.

The samples were placed in sterile jars and refrig-
erated to prevent oxidation. The samples were dried at
a temperature of 60°C (CORRNEL & SCWERTMANN
1996), or 37°C if the samples contained manganese.
For analytical purposes, the samples were ground into
powder in an agate mortar.

X-ray powder diffraction (XRPD) analyses of the
samples were conducted using a Philips PW-1710
automated diffractometer (equipped with a diffracted
beam curved graphite monochromator and a Xe-filled
proportional counter), including a Cu-tube operated at
40 kV and 30 mA. Data were collected in the 26-
range between 4-80°, with a counting time of 0.25 s
per step and a step size of 0.02° 20. A fixed 2° diver-
gence and 0.2 mm receiving slits were used.

The morphological characteristics were determined
and the semi-quantitative chemical analyses of the in-
crustations performed applying the SEM-EDS tech-
nique (SEM model: JEOL JSM — 6610LV). The same
instrument was used to photograph the bacteria. The
powdered samples were sputter coated with 24-carat
gold. The limit of detection for the semi-quantitative
analyses was 0.1wt. %. The main shortfall of this
method was the high spectrum baseline, which ren-
dered the determination of micro-components in the
sample rather difficult.

Results

The outcomes of the present study of the geochemi-
cal compositions of the incrustations (Table 3) showed
that ferrihydrite, low-crystallinity iron-oxy(hydroxide)
and, to a lesser extent, manganese hydroxides were pre-
cipitated in the mixed oxic-anoxic redox environment
where the redox process was defined as O,-Fe(IIl)
reduction. Ferrihydrite (FesHOg-4H,0) is often referr-
ed to in the literature as “amorphous iron hydroxide”,
although the crystallographic order of this mineral is
low (CORNELL & SCHWERTMANN 2003). Ferrihydrite is
generally the most common mineral phase of recent
iron incrustations (MAJKIC 2013). The proportion of the
ferrihydrite mass in the analyzed incrustations was
between 625.9 to 762.2 g/kg, while that of Mn(OH),
was 2.67 g/kg to 212.8 g/kg. No Mn(OH), deposits
were found in the samples collected from anoxic envi-
ronments (Fig. 4).

Low-crystallinity iron oxy(hydroxides) are consid-
ered the dominant sorbents of dissolved metals in
groundwater, given their large specific surface and sur-
face capacity due to the existence of a large number of
OH~ groups, such that low-crystallinity Fe-oxy(hy-

160

140
120 A
100 A
80

MnOOH (g/kg}

60
40

201
0 1 , s , ——

Mixed oxic-anoxic Anoxic iron-rich Anoxic sulfide-rich
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Fig. 4. Box-plot of low-crystallinity Mn(OH), proportions
of incrustations in different geochemical environments.

droxides) are chemically more reactive than crystal-
lized Fe-oxides (TADESSE 1997). The results from this
investigation also showed that phosphates adsorb very
well on ferrihydrite, while the proportion by weight
decreased in incrustations where goethite was detected
in conjunction with iron sulfides (Table 3).

A scanning microscope detected two species of
iron-related bacteria: Galionella ferruginea and Lep-
tothrix sp. in samples (Figs. 5 and 6). In all the sam-
ples collected from wells in mixed oxic-anoxic envi-
ronment, the bacteria were coated with a thick layer of
Fe-oxy(hydroxide) (Fig 5). According to RODEN et al.
(2004), Fe(Il) oxidizing bacteria dwell in microaero-
bic environments, with lower oxygen concentrations.
FORTIN & LANGLEY (2005) explained that the meta-
bolic activity of acidophilous and neutrophilous iron
bacteria under oxic conditions causes the oxidation of
Fe(Il) into Fe(Ill) and the creation of biogenic iron
oxides as extracellular deposits on the walls of bacte-
rial cells. This layer has multiple roles (FRENKEL &
BazyLinsk1 2003). HANERT (1992) concluded that the

Fig. 5. Scanning electron image of IRB Gallionella ferrug-
inea with biogenic mineral coatings on their cells in incrus-
tations of a water well in a mixed oxic-anoxic environment.
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Table 3. Selected geochemical parameters of water well incrustations (analyses performed using EDS). *Oxygen determined

by stoichiometry. LLD, low limit detection.

Sample Water supply | SiO, | ALO; |Fe,O5 sz)o CaOO P,0s S As Ba Sn Sb
source  |(wt%)|(wt%) [ (wt%) | (Wt%) | (Wt%) | (wt%)| (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)| (mg/kg)
BT-16 | Trnovce 86| 02 | 693 | 03 | 72 | 123 56.7 733 | 3833 | 166.7 | 120.0
Bn-9G 69| 03 | 728 7.7 | 57 | 44 733 | 3367 | 4833 | 146.7 | 320.0
Bn-8a 56| 03 | 728 54 | 63 | 79 46.7 | 288.0 | 366.7 | 2933 | 220.0
Bn-6 90| 04 | 762 15 | 49 | 72 | <LLD | 573.0 | 306.7 | <LLD 83.3
Bn-5 53| 04 | 626|213 | 43 | 43 | <LLD | 507.0 | 586.7 | 156.7 | <LLD
Bnz-1 65| 04 | 651|136 | 43 | 66 | <LLD | <LLD | 186.7 | 146.7 | 336.7
RB-48 | Belgrade 571 10 | 759] 00 | 13 | 04 [153133 80.0 | <LLD | <LLD 733
RB-46 201 36 |535] 00 | 14 | 0.1 | 9656.7 61.8 | <LLD | <LLD | <LLD
RB-3m 381 06 [ 791 00 | 22 | 27 108533 | <LLD 80.0 | <LLD 733
RB-42 548 | 64 | 181 | 1.8 | 122 | 0.0 9633 | <LLD | 1133 | 3933 | 186.7
RB-7 73| 04 | 774] 02 | 57 | 7.8 533 | 166.7 | <LLD | <LLD | <LLD
RB-4 109 02 [ 793| 0.1 | 3.8 | 43 | <LLD | 2567 | 306.7 | <LLD 86.7
RB-83 41] 03 | 672 02 | 93 | 163 | <LLD | 345.0 | 300.0 | <LLD | 405.0
RB-69 176 | 44 | 519| 04 | 108 | 104 3500 | 104.0 | 375.0 | 110.0 | 235.0
RB-3 435 51 [339| 07 | 87 | 45| <LLD | <LLD | <LLD | <LLD | <LLD

:5|.|m

SEl 20KV
UB-RGF |

Fig. 6. Scanning electron image of IRB Leptothrix sp. with-
out biogenic mineral coatings on their cells in incrustations of
a water well in a anoxic environment (well RB-69, Belgrade).

coats become the cores for future mineralization (i.e.
they continue to accumulate Fe- oxy(hydroxides)).

In anoxic environments, the formation of incrusta-
tions on well screens is slower than in mixed oxic-
anoxic environment. The results of XRD analyses of
incrustations sampled from anoxic iron-rich environ-
ments showed the presence of better crystallized
forms like goethite a-FeOOH. The re-crystallization
of low-crystalline ferrihydrite into thermodynamical-

ly stable goethite depends on several factors: increas-
ing pH (SCHWERTMANN & MURAD 1983), temperature
(Das et al. 2011), the presence of inhibitors like phos-
phates (GALVEZ et al. 1999, WANG et al. 2013), sili-
cates (CORNELL & SCWERTMANN 2003), and organic
substances (CORNELL & SCWERTMANN 1979), as well
as on the concentrations of adsorbed bivalent metals
(MARTINEZ and MCBRIGE 1998). Previously adsorbed
anions and cations might be released during the re-
crystallization process. The occurrence of siderite
Fe(CO); was noted in incrustations sampled from
wells that tap anoxic groundwater at Belgrade ground-
water source. The presence of siderite can also be
associated with the bioreduction of ferrihydrite (MOR-
TIMER & COLEMAN 1997, FREDRICKSON et al. 1998)
(Fig. 7). The simultaneous presence of Fe oxides, car-
bonates and sulfides could be indicative of a change in
redox conditions during incrustation, or of the pres-
ence of different micro-environments in well laterals.

Anoxic S-rich environments are characterized by
parallel Fe(IlI)-SO, reduction processes. Such condi-
tions were noted in three of the studied wells at
Belgrade groundwater source. The proportions of sul-
fur in the incrustations on radial well laterals were
from 9.66 to 15.3 wt %. In the incrustation sample
from well RB-48, XRD diffraction revealed the pres-
ence of greigite Fe;S,, bernalite Fe(OH);, sulfur Sg
and goethite a-FeOOH. The scanning electron micro-
scopy of the incrustation sample is shown in Fig. 8,
while Fig. 9 shows the results of XRD analysis. The
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Fig. 7. XRD pattern of incrustation from well RB-3m (Belgrade groundwater source). Legend: Sd, siderite (Fe(CO););

Q, quartz (Si0,); G, goethite (a-FeOOH); Gr, greigite (Fe;Sy).

occurrence of elemental sulfur in the incrustation
sampled from well RB-48 is attributable to sulfide
oxidation by means of ferrihydrite and goethite,
where elemental sulfur is the end product of oxidation
(POULTON et al. 2004). Elemental sulfur can also be
reduced to sulfide by most sulfate-reducing bacteria
(MADIGAN et al. 2009). Greigite is a tiospinel of iron,
a sulfur analog of magnetite, whose general formula is
Fe3Sy. This metastable mineral can occur biogenical-
ly, through the activity of Desulfovibrio desulfuricans
in the presence of iron salts (RICKARD & LUTHER
2007), or magnetotactic bacteria, including anaerobic
sulfate-reducing bacteria, which can synthesize greig-
ite (MANN at al. 1990, PosTFAl et al. 1998). In
Germany, HOUBEN & TRESKATIS (2007) attributed the
formation of greigite and the occurrence of sulfur in
well incrustations to bacterial activity. The microbio-
logical analyses of the groundwater samples collected
from the above-mentioned well revealed the presence
of sulfate-reducing bacteria (SRB), but their species
could not be identified by the BART method applied.

Bernalite Fe(OH);, detected in a sample collected
from well RB-48 (Fig. 8), occurred as a pseudo-octa-
hedral to pseudo-cubic crystal. FERNANO and SURAN-
GANEE (2009) associate the occurrence of bernalite
with acidic sulfate soils that contain iron sulfides. It is
rare and its presence in well incrustations should be
studied in detail with regard to site-specific micro-
environmental conditions.

Quartz SiO, and clay minerals were found in the
analyzed samples, as products of the natural environ-
ment. Their proportion was higher at Belgrade
(3.8-54.8 wt%) than at Trnov¢e (5.6-9 wt%) as a
result of corrosion processes on old laterals.

Discussion

The decline in water well capacity at the Belgrade
Groundwater Source was initially caused by draw-

x2,000 10um

Fig. 8. Scanning electron image of incrustation from well
RB-48 (Belgrade groundwater source). Image of bernalite
(Fe(OH);) associate with greigite (Fe;S,).

down, then by riverbed colmation and finally by well
ageing and ruination (DIMKIC et al. 2007b). During the
initial period of service (1956 to 1965), the wells relied
on dynamic groundwater reserves to a large extent.
This period was characterized by high groundwater
levels but there were initial signs of decline. In the sec-
ond period (1965 to 1986), colmation of the Sava
riverbed and well aging due to clogging of radial well
laterals resulted in a declining capacity of the source. At
that time, the decreasing well capacity was offset by the
construction of new wells and physical (and to a lesser
extent chemical) regeneration of laterals. Very low
groundwater levels were typical of that period. Static
groundwater reserves were increasingly being used.
The third period (1985 to 2012) was characterized by
very low spending for maintenance and development of
the source. This was a result of the crisis in Serbia in the
1990s and a lack of funding. As the wells aged and
failed, the capacity of the entire source decreased
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Fig. 9. XRD pattern of incrustation from well RB-48 (Belgrade groundwater source). Legend: G, goethite (a-FeOOH); B,
bernalite (Fe(OH)3); Q, quartz (Si0,); S, sulfur (Sg); Gr, greigite (Fe;Sy).

(DIMKIC et al. 2007D). In the Table 2, are shown data for
decreasing capacity of selected radial wells. At
Belgrade, physical regeneration has been the method of
choice for years, using WOMA pumps with directional
nozzles at a pressure of 30—60 bars.

Until the year 1998, the water supply source at
Trnovce operated five wells, whose total capacity was
60 I/s. Today, there are 20 tube wells, whose average
yield is about 5 /s per well (Table 1). Available data
on well capacity variation at Trnovce over the past ten
years indicate that well yield is gradually declining
(Table 1) and that post-regeneration capacity is far
below the initial capacity (MAJKIC-DURSUN et al.
2012). Camera inspection was undertaken before and
after regeneration in 2011 at Trnovce, to monitor the
effectiveness of regeneration (MAJKIC 2013). The
footage and the post-regeneration groundwater level
and discharge monitoring data revealed only short-
term effects (several months).

Mineral and chemical analyses showed that iron
incrustations of different crystallinity levels were do-
minant at both water supply sources. Their total pro-
portion by weight ranged from 18.1 to 79.3%. The
average was 63.7. The state of disequilibrium was
caused by mixing of reduced iron—containing ground-
water with oxygenated groundwater (mixed oxic-an-
oxic groundwater category), while the well was in
service. In such environments, incrustations compri-
sed of ferrihydrite (FesHOg4H,0) and low-crys-
tallinity Mn(OH), are common and were typical of
the source at Trnovce, while anoxic environments
revealed goethite (a-FeOOH), siderite Fe(CO); grei-
gite (Fe;S,), bernalite Fe(OH); and quartz (3i0,).
Iron sulfide minerals were detected in samples col-
lected from anoxic S-rich geochemical settings.

The crystallinity level was higher in samples col-
lected from wells where the time interval between two
regenerations was longer than two years.

Minerals like quartz and clay occurred as products
of the media passively incorporated into the well

deposits. Their amounts were the greatest in the wells
affected by both clogging and corrosion processes
(wells RB-42 and RB-46). Studies have shown that
bacteria play an important role in the formation of
incrustations, especially Gallionella ferruginea and
Leptothrix sp.

The regenerations carried out at TrnovCe were
effective only in the short term. The application of
hydrochloric acid and citric acid as inhibitor were not
sufficient to sanitize the near-well region, resulting in
a reduced life of the well. At Belgrade, mechanical
regeneration of radial wells tended to sanitize only a
part of the lateral, leading to a reduction in the con-
veyance capacity of the lateral and eventual sealing.
High-crystallinity incrustations are rather difficult to
remove, so the study of the rate of re-crystallization of
ferrihydrite to goethite is of major importance in
assessing the proper time interval to the next regener-
ation.

Apart from scientific significance, the occurrence
and re-crystallization of mineral deposits is also
important in economic terms. The reduction in solu-
bility and hardening of incrustations determine the
method and cost of regeneration. Mineral and chemi-
cal analyses of the composition of the incrustation are
also important for proper selection of chemical agents
that will enhance the effectiveness of regeneration.
Given the cost of regeneration, prior analyzing of the
incrustations will enable considerable savings and
extend the time interval between two regenerations.

Acknowledgment

The authors thank the reviewers A. BENDEREV (Bulgarian
Academy of Science) and R. EFtiMi (Albanian Geological
Association) for the critical comments and helpful sugges-
tions. Authors owe a debt of gratitude to Mr DUSAN MIOLSKI
for help in sample collection from the Trnovce groundwater
source. The authors also wish to extend their gratitude to the



Clogging of water supply wells in alluvial aquifers by mineral incrustations, central Serbia 81

Serbian Ministry of Education, Science and Technology
Development for financially supporting Project TR37014.

References

APPLIN, K.R. & ZHAO, N.1989. The kinetics of Fe(Il) oxi-
dation and well screen encrustration. Ground Water, 27
(4): 168-174.

VaN BEEek, K., BREEDVELD, R., Tas, M. & KOLLEN, R.
2010. Prevention of Wellbore Clogging by Intermittent
Abstraction. Groundwater Monitoring & Remediation,
30:81-89. doi: 10.1111/5.1745-6592.2010.01307.x

VaN Beek, C.GE.M. 2011. Cause and prevention of clog-
ging of wells abstracting groundwater from unconsoli-
dated aquifers. 192 pp. IWA Publishing, London.

CHAPELLE, F.H., BRADLEY, PM., THOMAS, M.A. & McMA-
HON, P.B. 2009. Distinguishing iron-reducing from sul-
fate-reducing conditions. Ground Water, 47 (2): 300-305.

CORNELL, R.M. & SCHWERTMANN, U. 1979. Influence of
organic anions on the crystallization of ferrihydrite,
Clays and Clay Minerals, 27 (6): 402—410.

CORNELL, R.M. & SCHWERTMANN, U. 2003. The iron oxi-
des: structure, properties, reactions, occurrences, and
uses. 2nd, Completely rev. and extended edition. 664 pp.
Weinheim. Wiley-VCH.

CULLIMORE, D.R. 1999. Microbiology of well biofouling.
456 pp. CRC Press Boca Raton, USA.

DavipsoN, W. & SEeD, G. 1983. The kinetics of the oxida-
tion of ferrous iron in synthetic and natural waters, Geo-
chimica et Cosmochimica Acta, 47: 67-79.

Das, S., HENDRY, M.J. & ESSILFIE-DUGHAN, J. 2011. Trans-
formation of two-line ferrihydrite to goethite and hema-
tite as a function of pH and temperature. Environmental
Science & Technology, 45 (1): 268-75.

DivKIC, M., STEVANOVIC, Z. & Puri¢, D. 2007a. Utiliza-
tion, Protection and Status of Groundwater in Serbia.
Proceedings Groundwater management in the Danube
river basin and other large river basins. Regional IWA
Conference. Belgrade, 7 p.

DiMKIC, M., TAUSANOVIC, V., PUSIC, M., BORELI-ZDRAVKO-
vi¢, D1., DIURIC, D., SLIMAK, T., PETKOVIC, A., OBRADO-
VIC, V. & BaBIC, R. 2007b. Belgrade groundwater source,
condition and possible development directions. Water
Practice and Technology, 2 (3). doi 10.2166/wpt.2007.059

Divkic, M., Pusi¢, M., MAJKIC-DURSUN B. & OBRADOVIC,
V. 2011. Certain Implications of Oxic Conditions in Al-
luvial Groundwater, Water resources and Management,
1 (2): 27-43.

Divkic, M., Pusic, M. 2014. Correlation Between Entrance
Velocities, Increase in Local Hydraulic Resistances and
Redox Potential of Alluvial Groundwater Sources, Water
resources and Management, 4 (4): 3-23.

EnrricH, H.L. 2002. Geomicrobiology of iron. In:
EHRrLICH, H.L. (ed.), Geomicrobiology, 345-428. Marcel
Dekker, Inc. New York, NY.

EMERSON D. & WEISss, J.V. 2004. Bacterial iron oxidation in
circumneutral freshwater habitats: findings from the

field and the laboratory. Geomicrobiology Journal, 21:
405-414.

FERNANDO, G.W.A.R. & SURANGANEE, R.K.N. 2009. Deve-
lopment of acid sulphate soils in Nilwala flood protec-
tion area, Matara, Sri Lanka. Journal of geological So-
ciety of Sri Lanka, 13: 71-82.

FortiN, T.D. & Langley, S. 2005. Formation and occur-
rence of biogenic iron-rich minerals. Earth-Science Re-
views, 72: 1-19.

FRANKEL, R. & BazyLINSKI, D.A. 2003. Biologically Indu-
ced Mineralization by Bacteria. Reviews in Mineralogy
and Geochemistry, 54: 95—114.

FREDRICKSON, J.K., ZACHARA, J.M, KENNEDY, D.W.,, LI, S-
M. & HINMAN, N.W. 1998. Biogenic iron mineralization
accompanying the dissimilatory reduction of hydrous
ferric oxide by a groundwater bacterium. Geochimica et
Cosmochimica Acta, 62: 3239-3257.

GALVEZ, N., BARRON, V. & TORRENT, J. 1999. Effects of
phosphate on the crystallization of hematite, goethite
and lepidocrocite from ferrihydrite, Clays and Clay
Mineralogy, 47 (3): 304-311.

HaNERrT, H.H. 1992. The Genus Gallionella. In: BALOWS,
A.,TRUPER, G.H., DWORKIN, M., HARDER, W. & SCHLEI-
FER, K-H. (Eds.) The Prokaryotes, 4082-4088. Springer-
Verlag New York, Inc., New York.

HouBEN, G.J. 2003. Iron oxide incrustations in wells. Part
1: genesis, mineralogy and geochemistry. Applied Geo-
chemistry, 18: 927-939.

HouBEN, GJ. 2006. The influence of well hydraulics on the
spatial distribution of well incrustations. Ground Water,
44 (5): 668-675.

HoUBEN, G. & TRESKATIS, C. 2007. Water Well Rehabilitation
and Reconstruction. 391 pp, McGraw Hill, New York.
JURGENS, B.C., MCMAHON, P.B., CHAPELLE, F.H. & EBERTS,

S.M. 2009. An Excel® Workbook for identifying redox
processes in ground water. USGS Open-File Report
2009-1004. Reston, Virginia: USGS. 8 p.
http://pubs.usgs.gov/of/2009/1004/ (last accessed July 6,

2014).

LARROQUE, F. & FRANCESCHI, M. 2011. Impact of chemical
clogging on de-watering well productivity: numerical
assessment, Environmental Earth Sciences, 64 (1):
119-131.

LovLey, DR. 2000. Fe(Ill) and Mn(IV) reduction. In:
LoviLey D.R. (ed.), Environmental Metal-Microbe
Interactions, 3—30. Washington DC, ASM Press.

MADIGAN M., MARTINKO J., DuNLAP J.P. & CLARK, D.
2009: Brock: Biology of Microorganisms. 12th edition,
1161 pp. Pearson Benjamin Cummings, San Francisco.

MAJKIC-DURSUN, B., PopoviC, Lj., MioLskI, D. & ANDEL-
KOVIC, O. 2012. Effect of declining groundwater levels
on well ageing processes: case study of the water supply
source of Trnovce, Vodoprivreda, 258-260, v. 44 (4-6):
181-187 (in Serbian).

MAIKIC, B. 2013. Water well ageing in alluvial sediments of
different oxic conditions, unpublished, PhD Thesis, 301
pp- Faculty of Mining and Geology, University of Bel-
grade, Belgrade (in Serbian, English summary)



82 BRANKICA MAJKIC-DURSUN, PREDRAG VULIC & MILAN DIMKIC

MARTIN, S. 2005. Precipitation and dissolution of iron and
manganese oxides, Chapter 4: In: GRASSIAN V.H. (ed.),
Environmental Catalysis, 44 pp. CRC Publishing, Boca
Raton, FL, USA.

ManN, S., SparkS, N.H.C., FRANKEL, R.B., BAZYLINSKI,
D.A. & JanNAscH, H.W. 1990. Biomineralization of fer-
romagnetic greigite (Fe;S,) and iron pyrite (FeS,) in a
magnetotactic bacterium. Nature, 343: 258-261.

MARTINEZ, C.E. & MCBRIDE, M.B. 1998. Coprecipitation
of Cd, Cu, Pb and Zn in iron oxides: solid phase trans-
formations and metal solubility after ageing and thermal
treatment. Clays and Clay Minerals, 46: 537-545.

McMaHON, P.B. & CHAPELLE, F.H. 2008. Redox processes
and the water quality of selected principal aquifer sys-
tems of the United States. Ground Water, 44 (2):
259-271.

MORTIMER, R.J.G., COLEMAN, M.L. & RAE, J.E. 1997. Ef-
fect of bacteria on the elemental composition of early
diagenetic siderite: implications for palacoenvironmen-
tal interpretations. Sedimentology, 44: 759-765.

PostrAl, M. BUSECK, P.R., BazYLINSKI, D.A. & FRANKEL,
R.B. 1998. Reaction sequence of iron sulfide minerals in
bacteria and their use as biomarkers. Science, 280:
880-883.

Pourton, S.W., Krom, M.D. & RAISWELL R. 2004. A re-
vised scheme for the reactivity of iron (oxyhydro)oxide
minerals towards dissolved sulfides. Geochimica et Co-
smochimica Acta, 68: 3703-3715.

RICKARD, D. & LuTHER III, GW. 2007. Chemistry of iron
sulfides, Chemical Review, 107: 514-562.

RoDpEN, E.E., SOBOLEV, D., GLAZER, B. & LUTHER III, GW.
2004. Potential for microscale bacterial Fe redox cycling
at the aerobic-anaerobic interface. Geomicrobiological
Journal, 21: 379-391.

SCHWERTMANN, U. & MURAD, E. 1983. Effects of pH on the
formation of goethite and hematite from ferrihydrite.
Clay and Clay Minerals, 31: 277-284.

SMITH, S.A. & TUOVINEN, O.H. 1985. Environmental analy-
sis of iron-precipitating bacteria in ground water and
wells. Groundwater Monitoring Review, 5 (4): 45-52.

STRAUB, K.L., BENz, M. & ScHINK, B. 2001. Iron metabo-
lism in anoxic environments at near neutral pH. FEMS
Microbial. Ecology, 34: 181-186.

STuMM W & MORGAN 1.J. 1996. Aquatic Chemistry. 1022
pp- John Wiley & Sons, New York.

TADESSE, B. 1997. Iron and Manganese oxides in the soil-
water environments, PhD thesis, Department of Chemi-
stry, Brunel University, London

WALTER, D.A. 1997. The effects and occurrence of iron-
related well screen incrustation, Suffolk County, N.Y.
U.S. Geological Survey Water-Resources Investigations
Report 964217, 29 p.

WANG, X., L1u, F., TAN ,W,, L1, W., FENG, X. & SPARKS, D.,
2013. Characteristic of Phosphate adsorption — desorp-
tion onto ferrihydrite: comparison with well-crystalline
Fe (Hydr)oxides, Soil Science, 178 (1): 1-11.

Pe3ume

Kosmupame OyHapa 3a jaBHo
BOJOCHA0AeBam-€ y aJlyBHjaJTHUM
akBudepuma nenrpaine Cpouje
MHHEPAJHUM MHKpPYCTaAlMjamMa

Onaname KamanuTera OyHapa y BpeMEHY HacTaje
Kao TOocJenuIa Tporeca KOpo3uje M KOJIMHpama.
[Iporiece xoposuje mMoryhe je CIpeduTH yrpaamboM
onroBapajyhux GpuaTepckux KOHCTPYKIIHja OTIIOPHUX
Ha KOPO3Hjy, JOK MMPOLIECH KOIMHUPamka MOTY HaCTaTH
0e3 o03mpa Ha BpcTy yrpaheHor marepmjana. Koi-
MUpame OyHapa IIOBOAHM 0 Olajarma Kamaurera
OyHapa, moBehama mapa3WTCKUX T'yOWTaka, mopacra
€KOHOMCKHX CPE/ICTBA HEOIXOAHHX 32 TPOIIIKOBE OJIp-
KaBama M Ha Kpajy HamylTama Bomo3axsara. Dop-
MHUpamke Tajora Moxke OUTH MEeXaHWIKO, XeMHU]CKO H
OmoxemMujcko. Y IHJBY cariieflaBama BpCTa Tallora
¢dopmupanux y OyHaprMa 3a jaBHO BOJOCHAO/IEBam-E
KOjH KaIllTUpajy alyBHjaHE W3JaHH, omabpaHo je 15
y30paka 3a gerasbHe aHamuze. Omabup y3opaka Bp-
IIIeH je TaKo Jla C€ 3aJJ0BOJbE KPUTEPUjYMH Pa3IAUH-
THUX OKCHIO-PEAYKIMOHHUX CpeinHa (MEmaHO OKCHY-
HO-aHOKCHYHA CpeuHa — u3Bopuiute TpHOBYe, 6
y30paka), aHOKCHYHA CpelrHa y KOjoj mpeosialyje
nporec peaykuuje Fe(Illl) (beorpamcko m3Bopwuite
MOJ3eMHUX Boja — 6 y30paka) ¥ MellaHa aHOKCUYHA
cpenuHa ca mpeorialyjyhuM mporiecom mapalienHe
penykuuje Fe(Ill)-SO, y monzemuoj Bogu (beorpaa-
CKO M3BOPHIITE MMOJI3EMHUX BO/Ia — 3 y30pKa). XeMHj-
CKe M MHUKpPOOHMOJIONIKE aHaJWM3e IO3EMHUX BOJa
u3BpIIeHe cy y maboparopuju UHCTHTYTA ,,JapociiaB
UepHH*, 10K Cy CEMHU-KBAHTUTATHBHE aHAIIN3€E XEMHU]-
CKOT cacTaBa TaJlora M PeHreHcKa Au(pakirja u3Bp-
mene Ha Pygapcko-reonomrkom dakyiaTery.

Kao momunanTHe Hacnare y OyHapruMma, KOjU KalTH-
pajy amyBujamHe w3maHu Benmke Mopase u Case,
jaBIpajy ce (oxcu)xuapokcuau reoxha. [Ipocedan yneo
oBux Tayora kpehe ce ox 18.1 10 79.3 TeXUHCKUX TIPO-
IIEHTAa, Ca CPEeHoM BpenHoIhy ox 63.7 Tex. mporeHa-
Ta. Y3opuu ca u3BopHmTa TpHOBYE IMOKa3yjy nia ce
yclen Meliamka KICEOHUKA ca TIOA3eMHUM BogaMa 0o-
raTuM JIBOBAJIEHTHUM TBOXKhem Op30 ¢opmupajy Ha-
ciare ¢epuxuapura (625.9 mo 762.2 g/kg). Y mMamem
yAeTy y TJIO3MMa C€ jaBJba MaHTaH-XUAPOKCH/T HACKOT
crerieHa kpucranuaurera (2.67 g/kg mo 212.8 g/kg).
O63upoM 1a je 3a ¢opMmMupame Tanora MaHTaHa
HeomxofaH Behu pemokc MOTeHIWjall MaHTaHOBE WH-
KpycCTanyje HHUCY NIETEKTOBaHEe Y aHOKCHYHUM Cpe[TH-
Hama. Camo y jemHoMm y3opky (Bn-8a) Omio je mo-
BOJAHO BpeMeHa m3Mmel)y 1Be pereHeparmje OyHapa 3a
¢dopmupame retuta (0-FeOOH). I'Boxhe-okcunumryhe
OakTepuje y YCIOBHMa Op3e XeMHjCKe OKCHIAIlHje
rBokha Tamoxke oko cebe cioj hepuxuapuTa YNMe ce
npriiarohasajy ycioBHMa MEIIOBUTE OKCHYHO-aHOKCH-
uyHe cpenune. Gallionella ferruginea n Leptothrix sp.
KaTanu3yjy TpoIece OKCHIO-penyKiuje TBokha u
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y4ecTByjy y popmMupamy Tajora. 3a pasnuKy on Oy-
Hapa Ha TpHOBUY, OGeorpaacku OyHapH ca XOpPU30HTaJ-
HUM JpEHOBMMA TOKa3yjy Jla j€ MaxoM JOIUIO J0 pe-
Kkpuctanmmsaiyje pepuxunpura no reruta (o-FeOOH)
Koju opMHupa Hacare Ha ApeHoBuMa. [lyxwu nepuoan
m3mel)y perenepamuja OyHapa omoryhyjy ,,ouBprrha-
Bame' Haclara a caMMM THM H OTeXaBajy (pr3mdxo-
XeMHjcke pereHepaitije. OCHM reTuTa, CBa TPH y30pKa
Tajora u3 JpeHoBa OyHapa KOjU KalTUpajy MeIIaHy
aHOKCHYHY cpenuHy (Tun npeosial)yjyher mpomeca me-
¢uHucan kao mapanenHa peaykuuja Fe(II)-SOy)
Kapakrepuiue npucyctso rpejruta (FesS,), mok je y
jemHOM Y30pKy oxapeheHo mpucycTBO OepHamuTa

Fe(OH); 1 MOHOKIMHUYHOT cymniopa Sg. Y BUXOBOM
dhopmupamy yiory numajy cyndaro-penykyjyhe dakre-
puje. Y OyHapuma 3axBaheHUM TapelesrHo mporecuma
xonmupama u koposuje (RB-3, RB-42 u RB-46)
3HauajHUje je ydenrhe KBapIa U NIMHOBUTHUX MHUHEpaa
KOjU Cy TIACHBHO MHKOPIIOPUpAHH y Tajore. Yuemrhe
KBaplLa y OBUM Y30pLIMMa U3HOCU J10 54.8 TEKUHCKUX
MIpOIIeHAaTa U yKa3yje Ha IecKkapeme OyHapa.

OnpehuBambe MuUHEpaia KOju YrHEe OyHAPCKH TaJIoT
Ipe ompelnesbera 3a onpeheHn TuI (Pr3nIKo-XeMHjCKe
pereneparje, noehaBa e(UKACHOCT TPUMEHEHUX
MOCTYTaKa, CMambyje TPOIIKOBE OIPKaBaFba N3BOPHIITA
Y TIPOAy’KaBa BEK Tpajara BOIO3aXBaTHUX 00jeKara.
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Impact of river bank filtration on alluvial groundwater quality:
a case study of the Velika Morava River in central Serbia

BRANISLAV Z. PETROVIC! & VLADIMIR J. ZIVANOVIC!

Abstract. Alluvial aquifers are preferred sites for drinking water production. Riverbed sediments and sat-
urated alluvial sediments have great potential for groundwater purification which is essential for preserving
the stability of the groundwater quality. Conducted research in the area of groundwater source Brzan in cen-
tral Serbia showed that intergranular aquifer has potential not only to purify polluted surface water but also to
enrich water quality. Main aquifer recharge is infiltration of surface water from the Velika Morava River. The
quality of surface water is very variable, especially for some components such as turbidity, conductivity,
KMnO, consumption, and iron, chloride and nitrates content. On the other hand, the quality of groundwater
is characterised with minimal oscillation particularly regarding mentioned components. Based on numerous
results on surface and groundwater quality we can conclude that water from the groundwater source Brzan is
with good quality and can be used for drinking consumption with minimal treatment despite the fact that
aquifer is in strong hydraulic connection with the Velika Morava River. Improvement of water quality is result
manly of water filtration through river bad sediments and aquifer body.

Key words: River bank filtration, Alluvium, Groundwater recharge, Groundwater quality, the Velika
Morava River.

AncTpakT. AyBHUjaliHe U3JaHU Ce y CBETY Hajuenrhe KOPHUCTe 3a BOJOCHa0aeBame cTaHoBHUIITBA. CaMo-
npeunirhaBame TOA3EMHNUX BOJIA Y AJTyBHjalTHIM CEIUMEHTHMA PEYHOT KOPUTA U 00alie UMa BEJTUKH 3HAYA] y
O4yBamy CTaOMIIHOCTH KBAJIHUTETA MOJ3EMHUX BOJa Koje ce 100ujajy 13 oBux cpeanHa. CripoBeneHa Xuapo-
TeoJIOINKa UCTPaKWBamka Ha W3BOPHUINTY bp3an y nentpannoj CpOuju cy mokaszajga CIOCOOHOCT HHTEp-
rpaHyJiapHE W3aHU Ja PeYHy BOJY HE CaMO MPEYUCTH HEro joj u mobosbina KanuTeT. [IpuxpamuBame 0BOT
M3BOPHINTA CE BPIIU HA padyyH UHPHUITpaIyje peuHe Bojae u3 Bemuke Mopage. [0k cy MOBpIIMHCKE BOJC
MIPOMEHJBMBOT KBAJIUTETA, MOCEOHO y Tomiery MyTHohe, TpoBoasbuBOCTH, yTporika KMnO,, canpxkaja joHa
reoxha, XJopuna ¥ HUTpaTa, KBAIATET MOA3EMHHX BOJIa aKyMYIIMPAHUX y WHTEPTPAHYJIapHO] U3TaHU je ca
MUHIMAJTHUM OCIMIANHjaMa ITOTOTOBO y capikajy IMOMEHYyTUX KoMoHeHTH. M3Bopuinte bp3aH ce ommmkyje
MO3eMHUM BOJIlaMa JOOPOT KBaJHMTETa KOje Ce Y3 MHHHUMATAaH TPETMaH TUCTPUOYHpPajy KpajibM MOTPO-
[Ia4uMa, YOPKOC TOME IITO C€ Hala3u MOJ jaKUM XHUIpayindKuM yTuiajeM Benunke Mopase 3axBasbyjyhu
M3Y3€THO] CIIOCOOHOCTH M3IaHM J1a TOOOJBIIIa KBAJTUTET MOA3EMHE BOJIE.

Kbyune peun: ¢puntpanmja kpo3 obajcke U CEANMEHTE PEYHOT KOPHTA, ATyBHjaIHU CEAUMEHTH, TIPHXpa-
BUBalkE [I0J3EMHHUX BOJa, KBAJIUTET NOA3EMHUX Boja, Bennka Mopaga.

Introduction

In many countries worldwide, alluvial aquifers
which are hydraulically connected to watercourses are
preferred sites for drinking water production. These
aquifers are relatively easy to exploit, generally high-
ly productive and located close to the consumers.

However, because of their location, their shallowness
and their close relationship with the water course,
these aquifers are particularly sensitive to pollutants
(DoussaN et al. 1997).

River bank filtration (RBF) is a simple technology
for surface water treatment which has been widely
applied along major rivers throughout Europe for

I University of Belgrade, Faculty of Mining and Geology, Department of Hydrogeology, Pusina 7, 11000 Belgrade,
Serbia. E-mails: branislav.petrovic@rgf.rs; v.zivanovic@rgf.bg.ac.rs
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many decades. For example, 30—-60 % of the popula-
tion in Germany, Hungary and Serbia consume drink-
ing water which originates from RBF (STAUDER et al.
2012). One example is the city of Berlin (Germany)
where the public water supply strongly depends on
bank filtration and groundwater precipitation
recharge. Nearly 70% of the 220 million m3/year of
exploited water rely on the recharge processes (56%
from bank filtration and 14% from precipitation re-
charge). Surface water is not directly tapped for water
supply of city of Berlin, even though there are sever-
al proximate rivers and lakes (GRUNHEID et al. 2005).
This approach has been increasingly being applied in
USA and Asia recently (RAY et al. 2002; JHA et al.
2009; CHANG et al. 2011).

S

period of deterioration of the river water quality will
not harm the quality of alluvial aquifer (SONTHEIMER
1991; MALZER et al. 2002; RAy 2004).

Effects of the RBF are well explained on the exam-
ple of groundwater recharge of Velika Morava alluvial
aquifer. The groundwater source “Morava-Brzan” is
located on the left bank of the broad alluvial plain of
the Velika Morava River (Fig. 1), upstream of the con-
fluence with the Lepenica River at one of the meanders
that the Velika Morava River creates right after leaving
the Bagrdan gorge. The water supply system is based
on tapping groundwater from the alluvial deposits of
the Velika Morava River. It was built in 1970°s and
immediately incorporated in Kragujevac city water
supply system (PETROVIC & ZIVANOVIC 2014). A total

400 600 800 1000

meters
3 Leend
- ‘_ Gauge station
¥ —):(— Well (functioning)

1
3 Well (out od order)

Fig. 1. Geographical location of the groundwater source “Morava-Brzan” and positions of the wells within.

River bank filtration is based on the natural biolog-
ical and sorptive cleaning powers of the sediment and
on the high efficiency in removing diffuse pollutants
(e.g. organics and pathogenic microorganism) from
waste water discharge (Hiscock & GRISCHEK 2002;
GRUNHEID et al. 2005; DIMKIC et al. 2007). Moreover,
RBF serves as an efficient barrier against many sub-
stances which can be accidentally discharged into a
river for a short period (“shock load”). Other impor-
tant issue is that water tapped from an RBF-well is a
mixture of drained river water and present groundwa-
ter which flows much longer (weeks, months, years).
A shock load usually lasts for 1-3 days and can result
in shutting down the river water treatment plant until
the pollution passes. On the other hand, such brief

number of 14 radial wells (RB-1 up to RB-14) were
built on the concave bank of the river in the period
from 1970 to 1976 (StojaDINOVIC 1997). Although
wells were designed and built with the intent to deliv-
er more than 400 1/s in total, during the period of
investigation and in the earlier period of the system
operating they rarely reached a total capacity greater
than 150 1/s (PETROVIC & ZIVANOVIC 2014). One of the
reasons for such low level of exploitability of the
water supply system is that 5 wells are idle for more
than 15 years.

The Velika Morava Valley is open to the north and
is under influence of the continental climate. Sum-
mers are hot and dry, winters are cold with precipita-
tion in the form of snow and rarely rain. The hilly and
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mountainous terrains of the catchment area of the
Velika Morava River made of low permeable rocks
with small retardation capacity causing significant
river flow variations in correlation to the amount of
rain.

The composition of the plain, from hydrogeological
point of view, can be divided into 3 major layers (Fig.
2): a. clayey overlaying sediments with thickness of
4—-6 m (alluvial deposits); b. aquifer layer with thick-
ness of 5-10 m (mean 6 m), mainly composed of
gravel and sand (alluvial deposits); and c. bottom low
permeable layer (aquitard) at a depth of 13-16 m
below ground surface. The low permeable layer con-
sists of Neogene clay sediments in the middle area of
the groundwater source, and of Palaeozoic schists in
the upstream and downstream part of the groundwater
source (Fig. 3).

piezometer
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104
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100
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96
94

in this period. River levels were measured at staff
gauge located in the area of the groundwater source.
The measurements were conducted on daily bases.
Groundwater level at all wells and piezometers (34
measuring points) were manually measured on a
weekly basis. One well (RB-9) and one piezometer
(P-11N) were selected for installing data loggers
(Schlumberger Mini-Diver) for continuous water
level measurements.

Influence of climate parameters was analysed using
climate data from nearby state meteorological station
Bagrdan-Vojska. Rainfall and temperature data were
obtained for each day during the research period.

Water quality of the Velika Morava River and
groundwater from the alluvial aquifer was monitored
by conducting series of chemical analyses that includ-
ed following parameters: water temperature, turbidity,

piezometer

11°
—

92
90

Fig. 2. Hydrogeological profile across the “Morava-Brzan” groundwater source. Legend: 1, clay — overlaying alluvial sed-
iments; 2, sand — alluvial sediments; 3, sandy gravel — alluvial flood facies; 4, gravel — alluvial facies of river bed; S, sandy
gravel — alluvial lower facies of river bed; 6, gravel and sand with clay — alluvial facies of river bed; 7, silty-sandy clay —

Neogene sediments.

RB-1 RB-2 RB-3 RB-4 RB-5 RB-6

0 500 m 1000 m 1500 m
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2000 m 2500 m anaa m 3500 m

Fig. 3. Hydrogeological profile along the “Morava-Brzan” groundwater source. Legend: 1, clay — overlaying alluvial sedi-
ments; 2, sand — alluvial sediments; 3, sandy gravel — alluvial flood facies; 4, gravel — alluvial facies of river bed; 5, sandy
gravel — alluvial flood facies; 6, gravel — alluvial facies of river bed; 7, sandy gravel — alluvial lower facies of river bed; 8,
gravel and sand with clay — alluvial facies of river bed; 9, silty-sandy clay — Neogene sediments; 10, Palacozoic shale.

Methods

Groundwater regime of alluvial aquifer and surface
water regime of the Velika Morava River were moni-
tored in the period Nov. 2011 — Jan. 2013. Changes of
groundwater and surface water levels were observed

colour, pH, specific conductivity, hardness, dissolved
cations (Na* , KT, MgZ" , Ca2*, Fe2*or Fe3*, Mn2*,
AI3*, etc.) and anions (Cl-, F-, I, Br-, SO,Z, CO;2,
HCO;~, NO;~, NO,"), metals that act like cations
mostly (Cu, Zn, Pb, Co, Ni, Cr, As, Se, Mo, etc.), non-
metals (HS-, F-, B, P, silica as SiO, etc.), consump-
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tion of KMnO,, dissolved gases (oxygen, carbon-dio-
xide, hydrogen sulphide, ammonia), phenolic com-
pounds, anionic detergents, residual chlorine, mineral
oil, polycyclic aromatic hydrocarbons, cyanide, etc.
Water samples were also microbiologically analysed
to detect and count aromatic hydrocarbons the total
coliform and E. coli as well as faecal streptococci,
aerobic mesophilic bacteria, Proteus spec., etc.

Groundwater and Velika Morava River water sam-
ples were analysed periodically, once per month by
representatives of Water Supply System of Kraguje-
vac city. Water sampling and analyses were also con-
ducted by representatives of Institute of Public Health
in Kragujevac city periodically, once in two months
during the research period. Parameter list for these
analyses was reduced and only main parameters of
water quality and health indicators were monitored.
Institute of Chemistry, Technology and Metallurgy of
the University of Belgrade conducted analysis of water
samples from “Morava-Brzan” groundwater source,
for each season (spring, summer, autumn, winter), in
order to get a full picture of groundwater quality dur-
ing seasonal changes. Obtained results were used to
analyse quantitative and qualitative regime of alluvial
aquifer as well as the Velika Morava River.

Results and conclusions

Hydraulic connection of alluvial aquifer and the Ve-
lika Morava River has been proven by observation of
water stage of the river and groundwater level during
the period of research (Fig. 4). The regime of quantity
of groundwater showed large fluctuations and it is
especially influenced by seasonal changes as well as
periodical storm rain events. The synthesis of the col-
lected data from the water supply system: the capacity
of wells, groundwater levels (GWL), correlations of
GWL and the precipitation and the impact of the
Velika Morava River on the GWL helps us to conclude
that quantity of water in aquifer the most depends of
water stage of the river. However, we cannot exclude
influence of precipitation during low water stage
(especially storm events) and influence of quantity of
groundwater that infiltrates from surrounding aquifers.

A comparative analysis of total monthly precipita-
tion and fluctuations of groundwater levels in wells at
the “Morava-Brzan” could not find any direct func-
tional dependency between rainfall and groundwater
levels. The amount and timing of rainfall have no
direct effect on the capacity of the water supply sys-
tem. As a result, the amount of tapped water is about
100 1I/s even during the summer and autumn months,
when smallest amounts of precipitation occur. On the
other hand, diagram at figure 5 shows strong correla-
tion between the river stage and observed groundwa-
ter level. Therefore we can conclude that the ground-
water level depends, on three factors: the pumping

capacity of the source and the flow of the Velika
Morava River and to some point on amount of rainfall
(PETROVIC & ZIVANOVIC 2014).

In accordance with the foregoing, it can be noticed
that the regime of groundwater depend on direct con-
tact with the Velika Morava River all the time, and
coming under greater influence of rainfall in part of
the periods when the river does not have enough water
to recharge aquifer. Then the GWL increases only in
short intervals, after storm rainfall events (daily rain-
fall of 20 mm or more). Capacity of wells, and thus
the whole water supply system, directly and signifi-
cantly affects the condition of GWL only in the peri-
od when the water level in the Velika Morava River
stagnates and precipitation is decreased or absent, as
in the case of the end of July 2012 to mid-October
2012 (Fig. 4).

Based on data obtained from the water quality
analysis, we can conclude that the groundwater in the
alluvium of the Velika Morava River tapped by the
water supply system “Morava-Brzan” has a good and
constant quality. Unlike groundwater quality, quality
of water in the Velika Morava River varies greatly
during the year (PETROVIC & ZIVANOVIC 2014). The
water in the Velika Morava River is characterized by
fluctuations in the physical and chemical composition,
under the influence of the condition of river and rain-
fall. Noticeable changes beside the obvious parameters
(turbidity and water temperature) suffered electrical
conductivity, consumption of KMnQ,, total iron con-
centration, concentration of chloride and nitrate ions.

Values of electrical conductivity of groundwater
are inversely dependent of the flow of the Velika Mo-
rava River and amount of precipitation. Values of
electrical conductivity of river water are two times
lower than those recorded in the groundwater (Fig. 5).
Based on the changes of this parameter, with a certain
probability, we can conclude that the water exchange
is quick and happens in few days or weeks, depending
on the season. During the periods of intense infiltra-
tion the conductivity decreases which is especially
noticeable in late spring, when a wave of high water
level of the river passes due to melting of snow and
heavy spring rains in the upper reaches and tributaries
component of the Velika Morava River. Values of
electrical conductivity of the groundwater at that time
decrease more than 200 puS/cm in comparison to the
“low water” periods when we can see a twofold
increase in the quantity of dissolved substances in
groundwater, due to its long stay in contact with the
particles of aquifer.

Consumption of KMnO, can only be considered as
a conditional criterion of amount of organic matter in
the water. The content of organic matter in the
groundwater reached equilibrium and there is no sig-
nificant impact of the external factors. On the other
side same parameter in the river water varies depend-
ing on the flow with lowest values during the winter
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when river water level reaches the minimum value
(Fig. 5).

One can notice two “peaks” of recorded concentra-
tions of total iron, the first at a time of high water and
the second at time of low water levels of the Velika
Morava River (Fig. 5). However, none of them exce-
eding the maximum permissible concentration for
groundwater (GAZETTE SRY 1998). Here we point out
the existence of a great “mechanism of purification”
of water that was formed within the aquifer (STAUDER
et al. 2012). The increase in the concentration of iron
in groundwater during high water is due to increased
infiltration of river water into the aquifer, which in
this period contains higher concentrations of ferrous
ions from the upper reaches of the constituents. On the
other hand, the concentration of Fe2* ions in a period
of low water has increased due to the general decrease
in the amount of water in the aquifer and the river, and
slower movement through the intergranular aquifer
and longer time of contact with the particles contain-
ing ferrous ions.

The concentration of chloride ions in the analysed
samples of groundwater is inversely proportional to
the water level and the amount of precipitation, and in
surface water it is half the concentration of ions in
groundwater, observed during the same period (Fig.
5). This difference is due to the dissolution of mineral
matter from the environment (sandy-gravel sedi-
ments, with a significant presence of dust and clay
fractions), in which groundwater reside.

Concentration of nitrate ions in groundwater shows
a certain dependence on the amount of infiltrated
water (Fig. 5). There is certain causality, but also the
period of delay in response to increase of the amount
of rainfall and water levels in the river, in the period
February—March, when the concentration of NO;-
ions decreases due to the increase in the amount of
infiltrating water. However, when it comes to the sta-
bilization of flow of the Velika Morava River and the
amount of rainfall, decreasing trend of nitrate concen-
tration is maintained until September, when again
there is an increase in the concentration of nitrate. The
nitrate concentration in groundwater and surface
water, which are analysed, do not exceed permissible
levels. This data also imply the existence of good pro-
tection of overlaying layer of aquifer and excellent
autopurification mechanisms of river, because despite
the expressed agricultural activities in the Velika
Morava River area and in the upstream areas of the
catchment of the river and its tributaries, there is no
significant burden of water by nitrates.

Stability of regime of groundwater quality in the
observed aquifer formed in the alluvium of the Velika
Morava River indicates excellent rejuvenating proper-
ties of the environment and it is of great importance
for use of this resource for municipal water supply.
We must emphasize the fact that despite the huge

hydraulic impact that river has, the environment was
able to create specific conditions for the creation and
maintaining of a groundwater quality, which remains
beyond the reach of lower-quality of surface water.
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Pe3nme

Yunaj puarpanuje Kpo3 ceuMeHTe
peuHe 00aJjie U KOPUTA HA KBAJIUTET
aJIyBHjaJIHUX MOJA3€MHHX BO/a: MpuMep
peke Beanke MopaBe y HEHTPAJIHOj
Cponju

AnyBujaHe U3AHU C€ Y CBeTy Hajuemrhe KOpHucTe
3a BOJOCHA0/IeBak-€ CTAHOBHUIIITBA, ajlil Cy HCTOBpe-
MEHO W jaKO M3JIOKEHE TOTEHIIMjalHOM 3aralemy.
CamonpeunnihaBame MON3EMHHAX BOJIA Y HM3/IaHCKO]
30HM MMa BEIMKM 3HA4Yaj y OYyBamy CTAOMIIHOCTH
KBaJIUTETa TIOI3EMHMX BOJIA KOje ce Ao0mjajy u3 30H-
jeHe n3naHu GopMHpaHe y alyBHjaTHUM CEANMEHTH-
Ma. CripoBefeHa XHIPOTEOINIONIKAa HCTPaKUBamka Ha
n3BopumTy ,,MopaBa-bp3an* y nenrpairnoj Cpouju
(cn. 1) cy mokaszaia CIOCOOHOCT WHTEpTpaHylIapHe
W3JIaHH Ja PEYHY BOAY HE Camo IPEYHCTH HEro joj U
nmo0oJbllla KBAIHTET. V3BOpHINTE je JOUMpaHO Ha
neBoj obanu pexe Bemnke MopaBe, HEKOIHUKO KHIIO-
MeTapa y3BOAHO oJ yiuBama peke Jlemenune. Ha-
crano je 70-tux rogmHa XX Beka, kajaa je mzpaheHo
14 OyHapa ca XOpPH30OHTAJIHHUM IpeHoBHMa. KoHTH-
HEHTAJIHA KJIMMa TOApYydYja 3ajeHO Ca TEOJIOIKHM
ycloBuUMa yHyTap ciuBa Benuke MopaBe wu3a3uba
BEJIMKE ITPOMEHE BOIOCTaja TOKOM roauHe. Ca Xuapo-
TEOJIONIKOT acTeKTa, peyHy JOJINHY Y 001acTi ucTpa-
JKUBaFha MOJKEMO TTOJIENIATH Y 3 BeNUKa clioja (Ci1. 2 1
3): 1. IIMHOBUTH CEAMMEHTH ,,KPOBHHE NeOJbHUHE
4-6 wmetapa; 2. NIJbYHKOBUTU M IECKOBUTU CEAU-
MeHTH 30HjeHe m3nanu nedsbuHe 5—10 merapa; u 3.
,ITomuHa“ w3ganw, Ha nyoman 13-16 merapa, ca-
CTaBJheHa Of cJad0 TMPOMYCHHX W HEMPOITyCHUX
HEOTeHHX CEIUMEHATa Yy CPEAHIIheM eIy H3BOPH-
IITa U HETPOITyCHUX MaJIe030jCKUX IIKpUJbaIa y y3-
BOJTHOM M HU3BOJTHOM JIeNy n3BopuiTa. McTpaxusa-

Ba Ha TOAPYY]y H3BOPHINTA CIPOBEIAEHA Cy Of
HoBemOpa 2011. rogmae mo jamyapa 2013. romune.
WzBpmena cy ocmarpama HHBOA TOA3EMHHUX BOJa
(HIIB), BomocTaja peke 1 Konu4uHA NanaBuHa. [Ipu-
XpamUBakE OBOT M3BOPUINTA CE BPIIM Ha padyyH WH-
¢untpanuje peune Boxe u3 Bemmke Mopage,
JIENMMUYHO W3 CYCEIHUX W3IaHW M MHQIITPALN]jOM
nmagaBuHA (TIpe CBera TOKOM JIeTa, KaJia je BOMOCTaj
peke HmM3aK) (ci. 4). MoxeMo na 3aKkJby49rMO [a je
HIIB 30ujene m3nanu ¢popMupaHe y alyBHjaTHAM Ce-
muMeHTMa Bennke MopaBe mox 3HadajHUM yTH-
[1ajeM BOJIOCTaja peKe, ad J1a y MeproauMa HHCKOT
BOAOCTaja JOJNa3W TOJ YyTUINA] HHPUITPUPAHUX
nagasuHa n yrunaj HIIB cycemnnx m3pmanm. Y Ha-
BEJICHOM TIEPUOAY BPIIEH jeé MOHUTOPHHT KBaJUTETa
M3JAaHCKUX BOAA M pedyHe Boze, jmadoparopuje JKII
,»,BOIIoBOA M KaHanmm3anuja“ u MHCTUTyTa 3a jaBHOT
31paBiba, 00a m3 Kparyjesia, cy mpaTuiu napaMerpe
CaHWTAapHE HWCHPAaBHOCTH HAa MECEYHOM Tj. JIBOME-
CEeYHOM HHBOY, JOK Cy cTpyumanu WHcTHTyTa 32
XeMHujy, TexHoiorujy u wmeranyprajy (MXTM)
M3paJniIN KOMIDIETHE aHalli3€ Y OKBHPY CBAaKOT TO-
muimer no6a. [loBpmmHCKE Bome Cy W3Yy3eTHO
npomensbuBOT kBanuTera (Ci. 5), mocebHo y moreny
MyTHOhE W eNeKTpHYHE MPOBOIJBHBOCTH, AU H
yrpomka KMnO,, caapxaja jona raoxha (Fe?'),
xnopuza (Cl) u Hutpara (NO;™), a KBaJUTET MOX-
36eMHHX BOAA aKyMYJIMpPaHHUX Y WHTEPraHyJIapHO] W3-
JaHW je ca MHHAMAJHAM OCITHIIalijaMa KOHIIeHTpa-
[I1ja TIOMEHYTHX KOMIIOHEHTH. YKOIHUKO II0CMaTpaMo
BPEIHOCTH €JeKTPUYHE MPOBOIJEUBOCTH Y PELH U Y
M3aHU MOJKEMO 3aKJbYUHUTH JIa j€ Bomo3aMeHa Op3a u
OJINTpaBa C€ Y OKBHPY HEKOIWKO JaHa (€BEHTYyaJHO
HeJesba), ¥ 3aBHCH caMo of rogummmer mo6a. Lto ce
THUY€ TIPOMEHA OCTANINX HaBEICHUX IapameTapa Mo-
pamMo HarIacuTH Ja Cy BapHjallyje TOKOM IocMaTpa-
HOT TIepHOo/ia y PEYHO] BOIM JIako youwsbnBe. [Ipomene
KOHIICHTpAIMja N3IBOjEHUX IapaMeTapa y MoJa3eMHO]
BOJI TIOCTOj€ aJli Cy MO KOHTPOJIOM CPEIHHE Y KOjOj
je m3gaH dopMupaHa, cTora Cy BapHjaldje male, H
HUKaJa He Tpeia3e MaKCHMATHO J03BOJbEHE KOHIIEH-
Tpanuje mpomucaHe mpaBWIHUKOM. CrabuimHOCT
pexuMa KBaJHTETa TMOA3EMHHUX BOAA H3BOPHUIITA
,»MopaBa-bp3aH®, ynpkoc TOMe IITO C€ W3BOPHUIITE
HaJa3W TOJ jaKUM XHIPAyINIKUM yTulajeM Bemwke
Mopase oapxaBa ce 3axBajbyjyhu W3y3eTHO] cIio-
COOHOCTH M3MaHU 1A ,,[IPSIUCTH U MOOOJBINA* KBAJIH-
ter uHpuITpupane Boge. CamomnpeunirhaBajyha
CBOjCTBa M3MaHM oMoryhaBajy ma ce mom3emMHa Boja
caMoO y3 MHUHUMAajaH TpeTMaH ((puiaTpupame U XJ0-
pucame) TUCTpUOyHpa KpajibiM IOTPOIIadnMa.
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perspectives with examples from Mountainous Adygeja (Russia)
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Abstract. Geoheritage sites with palacogeographical value are excellent venues for geotourism. These sites
preserve information about ancient environments, ecosystems, and their dynamics that may be of interest to pro-
fessionals, students, amateur scientists, and the general public. Palacogeographical geoheritage sites (geosites)
can be used to successfully increase public awareness of past and future climate changes. However, because
palaecogeographical information is typically complex and not directly visible, professional interpretation is nec-
essary. Successful interpretive tools include posted signs and education activities that engage visitors in scientif-
ic research. Using modern analogues to help visitors visualize past environments and ecosystems may be partic-
ularly effective. Professional interpretation helps foster visitor awareness of a geosite’s value. We suggest that
some geosites can be visited sequentially on a guided excursion and propose a route for observing five geosites
that exemplify the geodiversity of Mountainous Adygeja (Western Caucasus, southwestern Russia). Guided
geosite excursions would introduce visitors to a broad diversity of palacoenvironments and deepen their under-
standing of palacogeographical phenomena. However, carrying capacity should be evaluated seriously for any
geosites that are incorporated into palaeogeographical tourist excursions.

Key words: palacogeography, geoheritage, geosite, geotourism, Mountainous Adygeja.

Amncrpakr: O6jextu reonacineha ca naneoreorpad)CKUM BPEeAHOCTUMA MPECTABIBA]Y M3y3ETHE JOKAIUTE-
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IbUX0BOj TUHAMHIIM M MOTY OMTH BeoMa 3aHHMJbMBU MPOGECHOHATINMA, CTYJCHTHMA, aMaTePCKUM HCTpa-
JKMBaYMMa Kao W IHUpoj jaBHOCTH. llameoreorpadckm oOjekTu reoHacieha mory OWTH BeomMa KOPHCHHU
MPUINKOM T0JIM3aiha CBECTH IIMPE JABHOCTH O KJIMMATCKUM IPOMEHaMa Koje Cy ce JiellaBajie y IpOLULIOCTH
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0 HEKaJAIIbUM CpeinHaMa M ekocucTeMuMa. CTpydHO TyMaderme MOMake MMOCETHOLMMa Ja MTo 00Jbe
pa3yMejy 3Haudaj reosomKkux odjekara. [Ipemmaxemo aa mojequHA re000jeKTH mocTerneHo Oyny yBpmhuBaHN
y CTpy4YHE eKCKyp3Hje U ImpenopydyjemMo oapeheHe pyTe 3a o0miazak met reoodjexara Koju Ha 1o0ap HauuH
WIYCTPYjy TeoquBep3nuTeT Anureja miannHa (3amagan KaBkas, jyrosmagaa Pycuja). Ctpydune ekckyp3uje 6u
yIo3HaJle II0CETHOLE Ca BEIMKOM PasHOBpCHoHINY MajieocpenHa W MPOLIMpHIIe OM HBUXOBO PasyMeBarbe
naneoreorpadckux ¢eHomena. Mehytum, 3a cBaku reoobjekar koju je yBpmheH y majeoreorpadcky
TYPUCTHYKY €KCKYP3Hjy Opoj moceTrora 6u Tpebdaro BeomMa Mpenn3HO OIPEIUTH.

Kibyune peun: naneoreorpaduja, reonacielje, 00jektu reonacielja, reotypusam, Annreja miaHuHe.

Introduction

Owing to the activity of individual researchers,
research institutions, and international organizations
such as the European Association for the Conserva-
tion of the Geological Heritage (ProGEO), studies of
geological heritage (geoheritage) have become an
important direction of Earth Science over the past two
decades (e.g., WIMBLEDON & SMITH-MEYER 2012;
PrOSSER 2013). Yet despite numerous achievements
and certain standardization of the relevant term defi-
nitions, concepts, and methods at both international
and national levels (WIMBLEDON & SMITH-MEYER
2012), further progress is necessary. Inconsistencies
in classifications and approaches remain (e.g.,
BRADBURY 2014; GARCIA-ORTIZ et al. 2014), and the
perspectives of geoheritage for academic and public
policies still need discussion.

Palaeogeographical information is preserved in
many geological heritage sites (geosites). Palacogeo-
graphical geosites are different from the other types of
geosites because of the presence of valuable informa-
tion about palaeoenvironments, palaeoecosystems,
etc. (BRUNO et al. 2014; see also below). These sites
are also valuable from the point of view of geotourism
(DOWLING & NEWSOME 2010; NEWSOME & DOWLING
2010; DoOowLING 2011; GrAY 2013; HENRIET et al.
2014; BRUNO et al. 2014; RuBAN 2015). Geotourists,
who may include nature enthusiasts, students, amateur
scientists, or professionals on vacation or participat-
ing in conference excursions (see also HOSE 1996,
2000; HOSE & WICKENS 2004; DOWLING & NEWSOME
2010), are excited by the possibility of seeing features
that reflect the history of the Earth, its ancient life, and
past environments. The modern increase in geot-
ourism activities on the international scale (DOWLING
& NEWwWSOME 2010; NEwSOME & DoOwLING 2010;
DowLING 2011; HoSE & VASILIEVIC 2012; RUBAN
2015) contributes to the importance of palaeogeo-
graphical geosites as tourist attractions. Deeper inter-
est in the Earth’s dynamics stimulates curiosity in
phenomena more complex than solely collecting min-
erals and fossils.

This paper continues a discussion started in previ-
ous papers by BRUNO et al. (2014) and HENRIET et al.
(2014). In this brief review, we address three topics
related to palaeogeographical geosites and geot-
ourism:

1) the importance of palacogeographical geosites

for increasing climate change awareness;

2) the challenges of facilitating and managing geo-

tourism;

3) the opportunity of including multiple palacogeo-

graphical geosites in guided excursions.

Our goal is to alert specialists in geology as well as
geoconservation to the immense potential of palaeo-
geographical geosites for geotourism development.
However, we do not intend to propose something new
to tourism. In contrast, we consider that brochures,
guided excursions, and other “standard” attributes of
tourism activity can be employed successfully for the
purposes of palacogeography-based geotourism,
which itself is a kind of novelty.

Terminology

The terms “geoheritage” and ‘“geosites” were
defined by ProGEO. Geoheritage “encompasses the
special places and objects that have a key role in our
understanding of the history of the Earth - its rocks,
minerals and fossils, and landscapes” (WIMBLEDON &
SMITH-MEYER 2012, p. 18). A geosite is “a key local-
ity ... or area showing geological features of intrinsic
scientific interest, features that allow us to understand
the key stages in the evolution of the Earth”
(WIMBLEDON & SMITH-MEYER 2012, p. 19). Our defi-
nition of geotourism follows HosE (2000), DOWNLING
& NEWSOME (2010), and HOSE & VASILIEVIC (2012).
Generally, geotourism refers to any kind of tourism
activity related to geoheritage.

The value of palacogeographical features and even
the palacogeographical type of geoheritage are widely
recognized (WIMBLEDON et al. 2008; REYNARD et al.
2007; BruscHI & CENDRERO 2009; RUBAN 2010; Bru-
NO et al. 2014). We follow the relevant definitions pro-
posed by BRUNO et al. (2014). Particularly, palaeogeo-
graphical geosites are understood as “geological herita-
ge sites that represent paleoenvironments in general or
highlight particular paleoenvironmental features, which
are of special interest for science, education, or tou-
rism/recreation” (BRUNO et al. 2014, p. 301). The use of
these geosites for the purposes of geotourism is defined
provisionally as palaeogeography-related geotourism.
Palacogeographical geosites are diverse, and several
subtypes can be distinguished (BRUNO ef al. 2014).
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Palaeogeographical geoheritage and
climate change awareness

Palacogeographical geosites serve several tourism
purposes (Fig. 1). Among these purposes, increasing
public awareness of climate change is of crucial impor-
tance. Anthropogenically-induced global climate
change (labelled commonly as “global warming”) will
be a serious and growing challenge for our species
(HouGHTON, 2009; see also general discussions in
DIMENTO & DOUGHMAN 2007; PROTHERO 2011;
ZALASIEWICZ & WILLIAMS 2012). Therefore, increasing
the awareness of policy-makers and the general public
about this challenge is an urgent task (e.g., SHEPPARD
2005; DIMENTO & DOUGHMAN 2007; HouGHTON 2009;
WHITMARSH et al. 2011; BICHARD & KAZMIERCZAK
2012; LIBARKIN et al. 2012; PIDGEON 2012; RATTER et
al. 2012; TiLLER & SCHOTT 2013; LIESKE et al. 2014).

—Jp facilitate geotourism programs
— diversify ecotourism programs

— support geoconversation, nature protection
and geoethics*

—3p promote knowledge on environmental change

PALAEOGEOGRAPHICAL
GEOSITES

— increase awareness of climate change

Fig. 1. Tourism utility of palacogeographical geosites. Per-
spectives of such geosites go far beyond communication of
‘purely’ palaeogeographical information. * See PEPPOLONI
& D1 Capua (2012) for discussion of geoethics.

Palaeogeographical geosites can preserve informa-
tion about ancient climates (BRUNO et al. 2014). Some
geosites exhibit features that reflect climate extremes
reached in the past, providing clues for understanding
the factors that trigger unusual climatic regimes, and
demonstrating the consequences of icehouse and
greenhouse conditions. As shown by ARCHER (2008),
Hay (2011), and BOTTJER (2012), extreme climate
shifts that are comparable to current climate change
and its consequences can be found in the geological
history of our planet. Palacogeographical geosites
could, therefore, serve as educational tools, facilitat-
ing public awareness and comprehension of past and
current climate change, and stimulating mitigation
and adaptation efforts. For instance, fluvial deposits,
palaeosols, and fossils preserved at the Agate Fossil
Beds National Monument (Nebraska, USA) document
significant climatic fluctuations and their ecological
ramifications from the Oligocene into the Holocene
(JOHNSGARD et al. 2007).

Similarly, marine terraces that border many Italian
coasts were formed by frequent marine transgressions
and regressions during Pleistocene glacial and inter-
glacial phases. These terraces (e.g., BIANCA et al.
2011), which are currently exposed high above sea
level, contain an abundance of molluscs and corals,
providing evidence for how climatically induced sea-
level changes (balanced with local tectonics) can
affect nearshore ecosystems (CAROBENE & DAI PrA
1990). The corestones, or boulders, of the Sila Massif
(Calabria, Italy) provide another example of fluctuat-
ing climate in the past. These boulders are embedded
in roughly 100 m of saprolite and regolith of granitoid
and low-grade metamorphic rocks, representing
ancient tropical weathering on a massive scale
(GuzzeTtTA 1974; see LE PERA & SORRISO-VALVO 2000
and SCARCIGLIA et al. 2005 for the other explana-
tions). In Puglia (Italy), the most part of the coast is
characterized by numerous caves result of interaction
between the karstic phenomena and sea level fluctua-
tions during glacial and interglacial episodes of
Quaternary (CANORA et al. 2012). In the same region,
red bauxite deposits fill old palaecokarst basins devel-
oped in the Bari Limestone (mid-Cenomanian) during
the continental meso-Cretacic phase. These deposits
represent residual rocks that occur on carbonate rocks
formed in tropical to sub tropical climates (BARDOSSY
1982). The bauxites mark local or regional unconfor-
mities associated with subaerially exposed carbon-
ates. These deposits are important for provenance
studies (Boni et al. 2012) and palaeogeographic
reconstructions (MONGELLI et al. 2014). A similar
example can be found at the famous Giant’s
Causeway World Heritage Site, Ireland. Here, a thick
palaeosol between Paleogene basalt lava flows pro-
vides evidence for a tropical palaeoclimate in a place
that currently experiences temperate conditions (LYLE
1996, SmiTH 2005). Such sites can facilitate public
understanding of the magnitude of regional changes in
climate as well as climate extremes.

Challenges of palaeogeography-related
geotourism activities

The necessity of professional interpretation for geo-
heritage is a serious challenge for geotourism because
many visitors of geosites and geoparks are occasional
tourists with no background in the Earth Sciences
(Hose 1996, 2000; HOSE & WICKENS 2004). This is
particularly true for palaecogeographical geosites, which
are inherently complex. “Palaeogeography” could
potentially become a key word attracting tourists, but
these tourists will need to know what this word means.
Understanding the preserved feature may be beyond
the abilities of most people without proper guidance.
Geoscientists offer interpretation of features that are not
easily visualized by ordinary visitors.
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In addition, these sites may appear unspectacular,
and therefore would be unlikely to generate excite-
ment, with some exceptions. Providing an explanation
for the connections between observed rocks and fos-
sils with environments and ecosystems of the past and
present to such geotourists is crucial. The above-men-
tioned Agate Fossil Beds National Monument offers
an excellent example of proper tourist guidance. Park
visitors are presented with abundant information
about the geologic history of the site, the palaeocli-
matic and paleoenvironmental information it pre-
serves, and the ecology of its fossil mammals
(http://www.nps.gov/agfo/naturescience/).
Conversely, a well-established tourist trail offering a
360° panoramic view of the Oshten Mountain, which
is an impressive Late Jurassic reef in Mountainous
Adygeja (Western Caucasus Russia) with outstanding
heritage value (BRUNO et al. 2014), lacks any accom-
panying interpretative information. This trail is used
daily by dozens of tourists travelling individually or in
groups, generally for holiday outdoor recreation, but
also for adventure tourism and ecotourism. However,
without a guide or any interpretative signs, few visi-
tors will recognize that the exposed carbonate rocks
and their fossil content preserve an ancient coral reef.

There are many interpretative approaches that could
be used in geotourism to help the public appreciate
palaeogeographical geosites. These include distribution
of posters and brochures (these have been used success-
fully in many countries for decades - e.g., PURI & VER-
NON (1959); for the general importance of brochures in
tourism see MOLINA & ESTEBAN (2006) and QUELHAS
BriTto & PrATAS (2015)), installation of interpretative
signs, and interpretation by professional excursion guides
(see HosE (2000), HUGHES & BALLANTYNE (2010), CAR-
DOZO MOREIRA (2012), and GORDON (2012) for an eval-
uation of the efficacy of these approaches). An example
of a well-designed and useful brochure is the field guide-
book to the “Jurassic Coast”, which is a famous World
Heritage Site in southern England. This brochure pro-
vides informative explanations of geological features
exposed at the site, for instance Triassic cross-bedding
and Jurassic tree stumps that were preserved due to algal
growth on ancient trees (WESTWOOD 2011; BRUNSDEN
2013). On-line tools may also work well for the purpos-
es of palacogeographical interpretations™ .

In our opinion, interpretative approaches to palaeo-
geographical geosites are most useful if they provide
visitors with modern examples to visualize palacoen-
vironments and palaeoecosystems. This requires some
simplifications and imagination, but finding approxi-
mate analogues is possible, even for ancient environ-
ments and ecosystems (e.g., RUSSELL 2009). On rare

occasions, such analogues might exist near the inter-
preted geosites, which is an outstanding opportunity
for geotourism. An example is the Merzhanovo sec-
tion (northern Azov Sea, southwestern Russia), where
upper Miocene deposits representing a cliffed coast
facies are exposed in a modern steep slope situated on
a very similar seashore (RUBAN 2011). Such coinci-
dence of palacogeographical phenomena with their
modern analogue(s) greatly facilitates visitor compre-
hension. Additionally, souvenir vendors, local restau-
rants, etc. may offer products explaining the essence
of palacogeographical geosites and promoting deeper
knowledge (cf. the idea of “geoproducts” presented
by RODRIGUEZ & NETO DE CARVALHO (2009)). For in-
stance, the traditional food of the Adygejans is sold at
the tourism destination “Rufabgo” in the Western
Caucasus (Russia), which is known for its splendid
waterfalls as well as outstanding geology (see below).
Boxes with this food accompanied by an explanation
could potentially be used to promote the picturesque
geological features of the canyon, including those
linked to palacogeography.

Geosites where a person or family can actively view
or take part in scientific research can also greatly en-
hance public appreciation and awareness of these valu-
able natural historic resources. With increased public
interest follows the increased likelihood of preservation
of important geosites (although without proper conser-
vation measures, there is also the increased potential for
geosite destruction). An excellent example of a geosite
where visitors can view scientific research is the
Dinosaur National Monument (Colorado and Utah,
USA) (www.nps.gov/dino/parkmgmt/statistics.htm).
This actively excavated palaeontological site works
like a museum in the field. The site contains an enclo-
sure of a large quarry of fossils comprised of hundreds
of bones from 10 different species of dinosaurs and
has an open viewing area for visitors to see how an
active, scientific dig site works. Archaeological mate-
rials such as petroglyphs and pictographs from local
Native Americans are also available for viewing.

At some geosites, visitors are given the opportunity
to receive rudimentary training in fieldwork methods
and then participate in the scientific process. For exam-
ple, the Two Medicine Dinosaur Center (Montana,
USA) is dedicated to hands-on education of the public
through experience in active scientific research
(www.timescale.org/about.html). Visitors are trained in
some of the basics of geological and local history as
well as palaeontological field prospecting, and then par-
ticipate in documenting, uncovering and relocating
dinosaur bones to the museum. All fossils and documen-
tation are retained by the museum for scientific study

* http://travel.nationalgeographic.com/travel/sustainable/about_geotourism html,

http://thecentralcascades.com/explore/?map,
http://www.naturbornholm.dk/top/forside.aspx)
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and perhaps later museum display. At places like this,
visitors gain a clearer understanding of various aspects
of the procedures used to properly find and excavate
fossils as well as how excavated material can be utilized
to enhance scientific knowledge. They also gain an ap-
preciation for the importance of this type of work, inclu-
ding the value of documentation and site preservation.

Similar to other geosites (GRAY 2013), palacogeo-
graphical geosites are prone to anthropogenic influ-
ences. An increase in their exploitation for geotourism
purposes can have negative consequences, including
irreparable damage. This concern can be clearly seen
in Iceland, where geotourism is greatly on the rise in
response to the decline of traditional economies, such
as fishing, and the country’s 2008 banking crisis
(BRAUN 1999; JOHANNESSON & HUULBENS 2010).
Iceland’s sits directly on the Mid-Atlantic rift and
resides on two tectonic plates and a hot spot. This
unique geographic setting offers numerous nation-
wide opportunities to see active volcanoes, geother-
mal phenomena (i.e. geysers and “mudpots”), and gla-
ciers (DORASZPOSDOTTIR 2010). These geological
phenomena make Iceland an important geotourism
destination (it should be noted that large quantities of
visitors to a few popular attractions can endanger the
natural environment and ecosystems surrounding sites
there (JOHANNESSON & HUBENS 2010)).

Attempts to minimize anthropogenic influences
may be challenging. The community of the largest
Westman Island, Vestmannaeyjar, is currently con-
structing a state-sanctioned museum at the remains of
several partially-excavated homes that were buried
during the last large volcanic eruption in 1973. This is
a useful and informative way to observe how the envi-
ronment is perturbed by a natural hazard as well as
exploit a devastating natural phenomenon.

Despite the above-mentioned problems, it should be
noted that promoting awareness of palacogeographical
heritage in schools and other educational centres can
increase the awareness of regional residents and visi-
tors to the heritage value of these sites and the necessi-
ty of their protection, including safety and conservation
concerns (e.g., PROSSER et al. 2006). Among other ben-
efits, this increased awareness may help reduce the
need for excessive signage or protective barriers.

Consideration of the consequences of geotourism
activities is very important at any geosite; proper pol-
icy and careful management are always required.
Such concerns, however, are typical for all kinds of
nature-based tourism (e.g., KRUGER 2005; STOLTON et
al. 2010). Unfortunately, the legal basis for adequate
management and conservation of palaeogeographical
geosites is ambiguous. As shown by some examples
(e.g., CAIRNCROSS 2011; TiEss & RuBaN 2013), even
those policies that recognize geoheritage as a special
legal category, frequently use very general terms, or
restrict the heritage to include only minerals and fos-
sils. Proper conservation of palacogeographical her-

itage will require a more comprehensive approach,
and, at the very least, recognition of the fact that geo-
logical phenomena exposed today represent impor-
tant, irreplaceable fragments of past environments.
Rapidly evolving geoconservation legislation in Eu-
ropean countries (WIMBLEDON & SMITH-MEYER 2012)
leaves a hope that the problem will be resolved suc-
cessfully. Additionally, development of an on-line dic-
tionary and thesaurus for proper and broadly-accepted
definitions of all terminology related to palacogeogra-
phy, geoconservation, and geotourism will help
improve existing policies. This would be a single
website maintained by an international organization
that would be accessible to both researchers and the
public from around the world (see example in
RAPISARDI et al. 2013). It should be noted that not
only specialists in geoconservation and geotourism
should be involved, but also stratigraphers and
palaeontologists. We envision that this on-line
resource would serve as a “participatory open space”
that is constantly updated following the growing re-
quests for revised terminology in this topic, combined
with linked data. Of course, edits to this resource
would require some moderation (e.g., to prevent the
development of superficial or incorrect definitions).
This is an effort that will probably require collabora-
tion between multiple research institutions, but would
likely have a large payoff. ProGEO has made a lot of
relevant developments (e.g., WIMBLEDON & SMITH-
MEYER 2012). Organizations like this may help to
establish research networks and resolve international
debates about terminology.

Potential for guided palaeogeographical
excursions

Because palaecogeographical geosites reflect vari-
ous palaeoenvironments and palaeoecosystems (BRU-
NO et al. 2014), a series of different geosites located
within the same territory could be combined to illus-
trate a more complete geological history or diversity
of ancient environments. For example, in the same
general area, there may be one outcrop that exhibits
Paleocene continental rocks and fossils, a second that
shows Eocene shallow-marine rocks and fossils, and a
third that exposes Oligocene deep-marine rocks and
fossils. If these outcrops are located close to one
another, they could be used to demonstrate the spec-
trum of regional palaeoenvironments associated with
bathymetrical changes through the Paleogene. In
other words, we propose that local or even regional
palacogeographical geosites can be linked to form
geotourism excursion routes. Due to the common ne-
cessity of professional geosite interpretation, such ex-
cursions would be most valuable if guided.

We use the excellent example of Mountainous Ady-
geja (Western Caucasus, Russia) to consider the oppor-
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tunities and challenges of organizing such excursions.
This geodiversity hotspot, recognized by RUBAN
(2010), would be ideal for palacogeography-related
guided excursions. The study area includes several
important geoheritage sites with palacogeographical
value, and it is a nationally important destination for
nature-based tourism and recreation.

We have selected five geosites for a proposed
palaeogeographical excursion route (Fig. 2). Specific
information about these sites has been previously pub-
lished (RUBAN 2010; PLYUSNINA ef al. 2015) and is not
repeated here. The main selection criterion is their sig-
nificant and complementary palaeogeographical
value. Following this route, a geotourist would be
exposed to a large spectrum of palacoenvironments
and their fossil assemblages preserved in sedimentary
rocks (Table 1). The one-day excursion would start at
the Khamyshki Section representing continental stra-
ta (geosite 1), then lead to the Little Khadzhokh
Valley with lagoonal sandstones and clays (geosite 2).
The excursion would next stop at two geosites repre-
senting shelf deposits (the Lago-Naki Highlands and
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the Rufabgo Canyon; geosites 3 and 4, respectively)
and finish at the Partisan Glade Section, where deep-
marine organic-rich shales outcrop (geosite 5).
Because of the loop-like configuration of its route
(Fig. 2), this excursion could be split into two parts
(Part 1: geosites 1 and 2; Part 2: geosites 3, 4, and 5)
or shortened (i.e., starting with geosite 2, where some
evidence of a continental palacoenvironment can be
demonstrated). This excursion would contribute sig-
nificantly to the local development of geotourism
because it provides an exceptional opportunity to
present information about the diversity of palacoenvi-
ronments that existed in Mountainous Adygeja.
Mountainous Adygeja is a significant Russian tourist
destination that is visited by numerous “occasional”
geotourists. Moreover, several large universities use
this territory for field educational programs in geolo-
gy, geography, and tourism. Thus, one should expect a
large number of visitors to potentially be interested in
learning about its geological past.

Undoubtedly, the possible palaeogeographical
excursion mentioned above should be guided.

Table 1. Geosites to be included into the possible guided palacogeographical excursion in Mountainous Adygeja (Western

Caucasus).
Geosite 1D Safety and
(see Fig. 2 Geosite affinity* Geological Age Interpreted Carrying accessibility
for and type formations palacoenvironment | capacity** [Ssueg R
location)

1 Khamyshki Section red-coloured Early?— | mountainous land 7-10 hectic traffic
(~5 km-long series silicilastic Middle on road,
of lengthy outcrops Molasse Permian unstable slope
along the road)

2 Little Khadzhokh sandstones and Late desiccated lagoon 5-7 wet and slippery
Valley (a few smal clays of Jurassic soil, possible
outcrops in the steep variegated colour stream flooding,
slope of the river valley) limited space for

visitors, ongoing
construction

3 Lago-Naki Highlands carbonates Late carbonate shelf 7-10 hectic traffic on
(~5-km series of small Jurassic road, unstable slope
outcrops in the roadcut)

4 Rufabgo Canyon folded carbonates | ?Early— | outer carbonate 7-10 insufficient space
(~1.5 km-long series with siliciclastic | Middle | shelf to upper part for visitors, crowds
of small and middle-sized | interbeds Triassic | of continental slope of tourists visiting
outcrops in the slopes (quasi-flysch) the Rufabgo
of the canyon) Waterfalls

5 Partisan Glade Section | Dark-coloured Early— | deep-marine 10-15 | unstable slope,
(~10 km-long series of | shales with Middle | oxygen-depleted poor quality of
lengthy outcrops in the | siderite concretions | Jurassic | setting of some parts of the
roadcut) intercalated with ontinental slope road

medium-sized
siliciclastics
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Fig. 2. Outline of a possible palacogeographical excursion in the Mountainous Adygeja (Western Caucasus). Numbers for
photos correspond to geosite numbers on the map. See Table 1 for geosite names and more details.

4

Professional geologists may understand the geologi-
cal setting without guides. However, students and var-
ious non-professional visitors would need some
explanation of what the observed deposits and fossils
mean. For instance, understanding the nature of
Triassic quasi-flysch strata (e.g., GAETANI et al. 2005)
or Jurassic lagoonal and carbonate platform deposits
(e.g., RuBaN 2006) might be difficult even for geolo-
gists. This proposed excursion might be especially
suitable for a conference field experience or a student E
field trip. Professional guidance could be provided by S e
the staff of a university camp (specially created for (2804 m)
student field practice), which is located in the midst of e
the considered territory, or by the staff of the Cau-
casus State Natural Biosphere Reserve that is situated
in southern Mountainous Adygeja. Interpretative
signs installed near the geosites may also help,
although their efficacy would be limited.

The other possibility for palacogeography-related

Big Tkhatch Mt WL
(2358 ) [NNRRSE—

geotourism in Mountainous Adygeja exists in the
Lago-Naki Highlands. There, on the top of the Sto-
nesea Range, one can observe a 360°-panoramic view
of the mountains of the Western Caucasus. Two tall

Fig. 3. Big Tkhatch Mountain (1) and Oshten Mountain (2),
which are Late Triassic and Late Jurassic reefs, respective-
ly, are visible from the same place on the top of the
Stonesea Range of the Lago-Naki Highlands.
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mountains are visible: the Big Tkhatch Mountain and
the Oshten Mountain (Fig. 3). Both are ancient reefs
of Late Triassic and Late Jurassic age, respectively.
Thus, a geotourist can view the carbonate build-ups of
different palaeoseas in one place by just turning the
head. This site has great potential as a geotourism
locality. However, the importance of this panoramic
view for understanding the latter cannot be under-
stood without professional guidance.

Organization of guided palaeogeographical excur-
sions faces an additional challenge, which is not lim-
ited to Mountainous Adygeja. The carrying capacity
of geosites, which is used for the purposes of crowd
management and stipulates the maximum number of
visitors that can visit a site at once (JIN & RUBAN
2011), is very limited. Efficient communication of
palaeogeographical information requires small, com-
pact groups of tourists. The carrying capacity for
groups at selected geosites should always be carefully
considered when planning palacogeography-related
geotourism excursions (Fig. 4). The geometry of the
geosites, as well as safety and accessibility issues may
leave only a few places for groups to gather. In the
case of Mountainous Adygeja, the maximum size of a
group at any given locality should not exceed 10 per-
sons in most cases (Table 1), even if some of the
geosites (e.g., the Khamyshki Section) are very large
and can host dozens if not hundreds of individual vis-
itors. Of course, the accessibility and tourist percep-
tion of the above-mentioned (and all other) palaeo-
geographical geosites can be improved with “stan-
dard” geoconservation procedures like vegetation
removal (full or partial), renewal of road sections, etc.
(see PROSSER et al. 2006). Various factors that affect
the “natural beauty” of these sites should be also taken
into consideration (KIRILLOVA et al. 2014).

Conclusions

Palacogeographical geoheritage sites can facilitate
understanding of the Earth’s ancient environments and
ecosystems, and they can also enhance awareness of
past and future climate change. However, effective
communication of palaeogeographical information to
tourists requires professional explanation and use of
interpretative tools. Palacogeographical geosites can be
visited sequentially on guided excursions that enable
deeper appreciation of the geological past. An impor-
tant topic for further research is discussion of the
tourism potential of palaeogeographical geosites based
on quantitative assessment of tourist preferences.
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Pe3nme

OobejexTn reonacieha ca
najieoreorpagcKuM 3Hauyajem:
NepcneKTUBA reoTypU3Ma Ha MPUMepPUMa
Anureja naanuna (Pycuja)

[Taneoreorpadcke wHMOpMaIHje cy cadyBaHe Yy
MHOTHUM 00jexTiMa reoHacieha (reoodjextn). [lameo-
reorpad)cki 00jeKTH TeoHaclieha ce pas3nmuKyjy of
IPyTUX THIIOBa TeoHacieha mo Tome jep campixe Ko-
pHCHE MOJaTKe O MallcoCpeTUHaMa, Male0eKOCUCTe-
mMuMa U Ap. OBH 00jekTH cy Takohe KOpHCHHU ca
craHoBHITa reotypusma. [laneoreorpadcku objexTn

reoHacieha ¥Majy BHUIIECTPYKH 3HA4a] 32 TypH3aM.
[ToceOHYy MaXKy jaBHOCTH 3ay3uUMajy KIMMAaTCKe
IIpOMEHE KOje Cy OJ U3y3eTHOT 3Havyaja.

I'mob6anHe KIMMaTCKe IPOMEHE MPOY3POKOBaHE aH-
TpororeHuM (akTopM (IO3HATE Kao “TIo0ajTHO OTo-
IUbaBame’’) Ouhe 030mJbaH M cBe Behm mpobiem 3a
caBpeMmeHOr 4yoBeka. Heku objextm reonacmeha og-
CIIKaBajy KJIMMAaTCKe EKCTpeME W3 MPOIUIOCTH U
oMmoryhapajy Oospe pasymeBame (hakTopa KOjU CY
MPOY3pOKOBaIM HEOOWYHE KIMMAaTCKe YCIoBe, a
Takol)e yka3dyjy W Ha MOCJIeaulle Koje HAcTajy yclien
edekara jemeHWX W crakieHnx Oamra. Crora, ma-
neoreorpad)cki 00jekTH OM MOIVIM Ja MOCITyXe Kao
eIyKaTHBHO CPEJNICTBO, moBehaBajyhu cBect jaBHOCTH
0 aKTyeIlHUM KIMMAaTCKAM IpOMeHaMa Kao W OHHMMa
KOje Cy ce JelaBaie y MpOIUIOCTH, MOACTHIyhu mpu
TOME WHUIM]aTUBY 32 CMamemhe II00AIHUX KIMMaT-
CKMX TpoMmeHa. HeomxomHa je cTpydHa HWHTepIIpe-
Talyja reoHaciela 1 oHa mpeACcTaBiba MPaBH H3a30B
3a TeoTypu3aM C O3UpOM Ja Cy MHOTH TOCETHOIH
reoo0jekaTa ¥ TeonapKoBa TYPHCTH KOjH HE MOCENYjy
JIOBOJBHO 3Hama O HaykamMa o 3emsbu. OBO ce Ha-
pOYHNTO OHOCH Ha majeoreorpadcke o0jexTe reoHa-
cieha Koju cy 1Mo CBOjOj MPUPOTU BeOMa KOMILIEKCHH.
“Ilaneoreorpaduja” Moke MOTEHIHjaTHO MOCTATH
KJbYYHa ped 3a MpHUBIaYCHE TypHCcTa amu Oymayhm
Typuctn Ou Tpebano na Oyay yIo3HaTH ca 3HaYeHheM
Te peun. PazymeBame KapakTepUCTHKA KOje MOCEenyjy
objextn reonacineha 3a BehwHy JByam je TemIKO
pa3yMJbHBO 0€3 CTPYUYHOT 00jalllbermba.

l'eono3u mory ma moHyne oOjamimema OHHX Ka-
pakTepucTHKa Treooljekara Koje oOWyaH TMOCETHJIAll
HE MOXKe JIako Ja youd. [locToje MHOTH pa3inuyuTH
MIPHUCTYTH 3a o0jallmaBame Mmaneoreorpad)CKux reo-
oOjexara. HajkopucHuju mpucCTynu Kojuma ce 00ja-
[IFhaBajy najgeoreorpadcku reoo0jeKTH Cy OHU KOjH
oMoryhyjy mocetnoiy na Kpo3 caBpeMeHe IpuMepe
CTeKHe 00Jpy CIMKy O IajeocpendHama W I1alieo-
exocuctemMuma. OBakaB MPUCTYM 3axTeBa onxpeheHo
ynpomrhaBame u yrorpeOy MaITe, aji CBakako Ja je
Moryhe Hahm oaroBapajyhe mpumepe 3a HeKaJallme
cpennae u exocucremMe. C 003upoM 1a Taieoreo-
rpadckn 00jeKTH ofpaxaBajy CIUKY pPa3IHIUTHX
najeocpenHa 1 Malle0eKOCUCTEMa, HEKOIHUKO pasiIi-
YUTHX Teoo0jekata KOju ce Hallaze Ha MCTOj O0NacTH
MOTY J1a ce KOMOWHYjy Kako OW ce CTeKJia IITO TOT-
IyHHWja CIIUKA T€OJIONIKE MCTOPHje WIH Pa3HOBPCHO-
CTH HeKaJammbuX cpeanHa. Onyad mpuMep 3a OBO
cy Anwreja mnannae (3anagau Kaskas, Pycuja) xoje
JI03BOJbABajy Jla pa3MarpaMo MOTYRHOCT W M3a30B 3a
OpPTraHM30Bamk-e TAKBE EKCKyp3Hje. 3a MPEeIOKEHY 1a-
neoreorpad)cKy eKCKyp3ujy u3adpaHo je met reoo0je-
kara. TokOM OBe €KCKyp3Hje TeoTypucTuMa Ou Omo
MOKa3aH BENWKH Opoj MajleocpenrHa 3ajefHO ca
BXOBUM (DOCHITHUM 3ajeHuIlaMa Koje Cy cadyBaHe Y
CeIMMEHTHUM cTeHama. JeTHOIHEeBHA eKCKyp3Huja Ou
3amovena ca Kamumkum mpodmiioMm koju je mpeacra-
BJh€H KOHTHHEHTAJHHM CIJIOjeBMMa, a 3aTuM Ou ce



104 V.V. GNEZDILOVA, D.A. RUBAN, D. EVELINA BRUNO, P. PERROTTA, B.E. CROWLEY, K.B. OHEIM & P.P. ZAYATS

obunuia qonmaa Mana Kams3xok ca maryHCKUM cenn-
MeHTHMa U mrHaMa. Eckypauja Ou ce 3aTuM 3aycTa-
BHJIa Ha JIBa Te000jeKTa MPEACTaBILEHUM IIEIPHIM
cenuMenTMa (y3Bumiewe Jlaro-Haku u xamoH Py-
(abro) m 3aBpmmia kox mpodmra IlapTuzanckor
MPOTUTaHKA, TJle Cy OTKPUBEHH JYOOKOMOPCKH aje-
BpPOJUTH OOTaTH OPraHCKOM MarepujoM. 300T pyTe
KOja je KpHBY/IaBa eKCKyp3Huja MOoXke OUTH ToJIeJheHa Y
nBa genma win ckpahena. Exckypsuja Om 3HauajHO
JOTIPHHETIA JIOKATHOM Pa3B0jy Te0Typr3Ma jep mpyxa
M3y3eTHY MOTYYHOCT 3a IpeACTaBlbamke WH(pOpMa-
[I{ja 0 Pa3HOJIMKOCTH TMAIeOCPEIHA KOje IMOCTOoje Ha
Anureja maanHaMa. HecyMIbHBO fa TIpeyiokeHy To-
pe TOoMeHyTy maneoreorpadcky eKCKyp3Hujy Tpeda
peanuzoBatu. llpodecmonanan reomo3m Mory nma
pasymejy reonomky rpaly u 6e3 Bogmha. Mehyruwm,
CTyIeHTHMa W He TpodEeCHOHATHHUM MOCETHOIMMA
6mto O6u MoTpeOHO 00jaCHUTH 3HAYEHHE TIOCMATPaHNX

ceaumeHara u ¢ocuna. [Ipyra moryhHoct maneoreo-
rpadckor reoTypusMa y Annreja miaHHHaMA j€ y3BH-
meme Jlaro-Haku. Ha Bpxy manunckor BeHua Cro-
Hecea Ipy’ka ce MOryhHOCT TaHOPaMCKOT TIOTJIe A Off
360° na mnanuHe 3anagHor KaBkaza. Mory ce nocma-
TpaT JBa BUCOKA y3BUIIEHe: Bennka Tkau mnaHnuHa
n OcxreH miannHa. O0a TMpeacTaBibajy cTape Cupy-
JTIOBE TOPH-ET TpHjaca U Topme jype. Tako, reoTypuctu
MOTY BHJETH KapOOHATHE TBOPEBHHE pPa3IMUUTUX
rajeoMopa Ha jeTHOM MECTY.

[IpunukoMm TUTaHWpama Mmaneoreorpa)CKux TeoT-
YPHUCTHYKHUX EKCKyp3uja Tpebanmo OW MakJbUBO WC-
TUTaHUpaTh Opoj MoceTHIana y rpymaMa 3a oapehene
reoobjekre. OOk reoo0jekra kKao W HEroBa 0Oe3-
0eTHOCT W MPUCTYIAYHOCT OCTaBJha Ha PacIojaramy
CcBera HEKOJIMKO JIOKaJUTeTa Ha KOjUMa Ce MOTy
OKYTIUTH TPYIIE.

b. P.
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Abstract: Various minerals, rocks, soil types, ore and fossiliferous deposits, structural and tectonic
elements, surface and subterranean landforms, all those natural phenomena representing geodiversity in a
small scale contribute to our understanding the significant events and episodes of the geological history of the
Earth. Intended methodology for qualitative and quantitative assessment is presented, including valuing
criteria and their numerical indicators, which serve as analytical instruments to identify and select potential
geoheritage objects in Serbia. Objective assessing and categorizing the geoheritage objects are the starting
points for their rational utilization, adequate conservation, proper interpretation and promotion.
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Introduction

The term geodiversity first appeared in a Tasmanian
Forest Commission document, intending to describe
the diversity of Earth’s features and systems (SHARP-
LES 1993). Geodiversity is defined as the variety with-
in the entire abiotic world that encompasses the natu-
ral range of geological, geomorphological and soil fea-
tures, assemblages, systems and processes (AUSTRA-
LIAN NATURAL HERITAGE CHARTER 2002). It also in-
cludes evidence of the history of the Earth (evidence of
ancient life, paleoecosystems, and paleoenvironments)
and a range of relict and active biological, hydrologi-
cal and atmospheric processes.

There is no doubt that many geodiversity phenom-
ena are mainly endangered by humans neglect, mis-
management, overexploitation and unplanned con-

struction. Geodiversity is so diverse that is difficult to
decide which phenomena should be protected and pre-
served. Regarding the fact that is overall geodiversity
is impossible to conserve, it is necessary to recognize
those phenomena that are scientifically, educationally,
culturally and economically explored and valuable.
Geoheritage is the representative part of geodiversity
that may be specifically identified as having conserva-
tion significance.

The geodiversity and geoheritage phenomena are
finite and the principles of sustainable development
advise wise use of these resources for the sake of
future generations who might also want to use them
(MARAN 2008). Geoconservation involves a set of
actions focus on protecting, conserving, presenting
and promoting the geodiversity and geoheritage for
their intrinsic, ecological and heritage values. Beside

I Natural History Museum in Belgrade, Njegoseva 51, 11000 Belgrade, Serbia; e-mail:amaran@nhmbeo.rs
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the preventive protection, geoconservation also
includes development and improvement in the field of
scientific and professional research, legislation, edu-
cation, spatial and urban planning and tourism (MA-
RAN STEVANOVIC 2014).

Geoeducation plays an important role in promoting
geoheritage values, in order to gain support for the
implementation of geoconservation objectives and to
ensure effective practical management of geoheritage
(MARAN 2012, unpublished doctoral thesis). Geotou-
rism is recognized as new form of tourism, which ori-
ginal reason for developing is to promote an under-
standing of earth sciences, tourism to geosites and the
conservation of geodiversity through appreciation and
learning (Hose 2000, NEWSOME & DOWLING 2010,
FARSANI et al. 2011). All these aspects are incorpo-
rated within the Geopark concept (ZOUROS & MARTINI
2003, EDER 2004, Mc KEEVER & Zouros 2005) (Fig.
1). Establishment of geoparks, the European Geo-
parks Network (EGN) and the Global Network of
National Geological Parks (GGN) was one of the
most important international initiatives in the field of
geoconservation. Synergy of geodiversity, biodiversi-
ty and cultural heritage is the basis for the functioning
of each geopark; educational activities are primarily
oriented towards exploring the integrity of natural and
cultural heritage through development of geotourism
in order to provide a wide range of employment op-
portunities to the local population and to stimulate
economic development of the region (MARAN STEVA-
NoviIC 2014a).

Fig. 1. Spectacular dolomites of the Brenta Group, Geopark
Adamello Brenta, an open geological laboratory for appre-
ciation and learning (photo: A. Maran Stevanovic).

Importance of geodiversity
and geoheritage

Study of geodiversity and geoheritage develops dif-
ferent scientific methods and procedures to identify

features, processes, sites and specimens that have
nature conservation values (MARAN 2012a). Identifi-
cation, registration and evaluation of geodiversity and
then selection and conservation of valuable geoheri-
tage sites and objects are complex tasks which require
good background knowledge in the field of geoscien-
ces, multidisciplinary approach, scientific analysis
and application of various methodologies and princi-
ples.

The definition of guidelines to manage geodiversi-
ty assessments and register geoheritage sites and
objects were among the main geoconservation aims in
different countries (MARAN 2010 and references here-
in). However, diverse national geoheritage contexts
and objectives have not allowed the development of
universal guidelines (PEREIRA & PEREIRA 2010). Con-
sequently, many experts and researchers have pro-
posed various methodological procedures based on
different characteristics of geoheritage objects (JOYCE
1994, WILSON 1994, WIMBLEDON et al. 1995, Wim-
BLEDON 1998, DOYLE & BENNET 1998, ALCALA 1999,
PEMBERTON 2001, SHARPLES 2002, GREY 2004, BRU-
SCHI & CENDRERO 2005, WHITE & MITCHELL 2006,
PEREIRA et al. 2007, ZOUROS 2007, REYNARD et al.
2007, REYNARD 2008, BRocx 2008, CARCAVILLA et al.
2009, PENA Dos REis & HENRIQUES 2009, PEREIRA &
PEREIRA 2010, FASSOULAS et al. 2012). In general, the
combined values that arise from geodiversity can be
classified into five main categories (MARAN 2012):

1. Intrinsic

2. Ecological

3. Economic

4. Cultural

5. Research and educational.

1. The concept of intrinsic value means that Earth
possesses and phenomena may have value beyond the
social, economic or cultural values held by humans
(SHARPLES 2002). In nature conservation, this concept
is widely accepted but it is very difficult to justify
since it involves ethical and philosophical dimensions
of the relationships between humans and nature
(GrAY 2004).

2. Ecosystems depend entirely on their non-living
parts such as bedrock, landforms and soils that are
habitats of animals and plants. In this sense, the eco-
logical value of geodiversity refers to its importance
in sustaining geological, geomorphologic and soil
processes as well as biological processes, which
depend upon those systems.

3. Rocks, minerals and fossils, all have economic
value. Varied rocks and minerals are essential as they
supply humans with mineral fuels (e.g. petroleum and
coal), industrial metallic and precious minerals (ores
and gemstones) and construction materials (aggre-
gates and building stone) (GREY 2004). Fossils also
have significant commercial value, particularly if they
are well preserved and well known (e.g. dinosaur’ fos-
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sils, ammonite, trilobite or rudist “jewelry”, fossilifer-
ous ornamental stones, etc.).

4. The cultural value of geodiversity implies the
significance placed by global society on some aspect
of physical environment, such as mythology, archeo-
logical-historical, spiritual and aesthetic value (e.g.
Lepenski Vir archeological site, NP Djerdap, eastern
Serbia, Fig. 2).

Fig. 2. Lepenski Vir archeological site and museum,
included in the UNESCO World Heritage List (photo: A.
Maran Stevanovic).

5. Georesources have important research and edu-
cational values. Geological features illustrate the
huge periods of time they took to form the natural
resources on which today’s society depends. They are
rich in evidence of changing climates, shifting bound-
aries between continents and oceans and extinction
events. Rock exposures, landforms and soils, all they
can provide in situ polygons for training of the new
generation of geologists, geomorphologists, pedolo-
gists, amateurs and children.

The assessment of geoheritage sites
in Serbia

The Serbian LAW ON CULTURAL PROPERTIES (71/1994)
recognizes the two large categories of the national cul-
tural and natural legacy: the non-moveable (in situ) and
the moveable (ex sifu). Following that general classifi-
cation, the non-moveable heritage may correspond to
the geosites with clearly pronounced geological, geo-
morphologic or pedological features whereas particular
rock, ore and mineral samples as well as fossil speci-
mens represent moveable geoheritage objects (MARAN
2005). In detail, the components that should be recog-
nized as geoheritage include (MARAN 2012):

e Igneous, metamorphic and sedimentary rocks

and their processes of formation;

e Mineral resources (minerals and mineralization),
mines and quarries;

e Structural and tectonic features on different
scales;

e Fossils and fossiliferous sites;

e Stratigraphical contacts;

e Relict and active landforms and their forming
processes;

¢ Relict and active hydrogeological features;

¢ Relict and active soils and soil forming processes;

¢ Building stones and related products.

In Serbia, prior to 1995, 75 geoheritage objects
were protected based on sporadically given individual
proposals, including 73 geosites and 2 moveable geo-
logical objects (source: INSTITUTE FOR NATURE CON-
SERVATION OF SERBIA, personal communication 2014).
Except geomorphological, hydrogeological and rare
fossiliferous localities, other sites have only named
“officially protected”, without adequate geoconserva-
tion measures and actions. The project “Inventory of
the geoheritage sites of Serbia”, initiated by the
Serbian National Council for Geoheritage Conserva-
tion in 1996, was aimed to collect proposals for geo-
sites that mark important events in the geological his-
tory of Serbian territory. The work on the inventory
was undertaken between 1996 and 2003 and in 2004
preliminary list has been created. It includes 552 geo-
sites proposed for conservation; they are classified
into eleven categories according to recommendations
of the European Association for the Conservation of
the Geological Heritage (ProGEQO). In Serbia, the
establishment of comprehensive National geoconser-
vation strategy is still missing despite many warnings
from specialists. Prior to define the strategy, however,
many researches should take place, including prelim-
inary selection of important geodiversity sites, valu-
ing geodiversity, assessing potential threats, and iden-
tifying general actions to prevent or enhance signifi-
cant geoheritage features (MARAN 2012a).

The choice of criteria for judging the value and sig-
nificance of geodiversity for geoconservation is con-
sidered the first stage in any assessment. During the
last two decades, several attempts have been done to
develop appropriate criteria for identification and se-
lection of potential geoheritage objects in Serbia.
Prior to 2000, most researchers have proposed differ-
ent geosites for inventory based mainly on their sub-
jective observations and field experiences or simply
applying the ProGEO recommendations (MuoviC &
MiLiaNOVIC 1999), which intended to serve only as
guidelines not as clearly defined principles. In recent
years, some authors offer improved approach to as-
sessment of geoheritage objects aimed at scientific,
educational and tourist valorization and promotion,
including qualitative and quantitative evaluation
(STANKOVIC 2004, MARAN 2010, ToMIC 2011, MARAN
STEVANOVIC 2014, VISNJIC & BEGAN 2015).
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Fig. 3. Stages in geosite assessment.

As a member of the Working group for the estab-
lishment of potential Djerdap geopark in eastern
Serbia, appointed by the Serbian Ministry of Natural
Resources, Mining and Spatial Planning, the author of
this paper was asked to prepare a set of qualitative and
quantitative parameters in order to estimate the geodi-
versity potential within the area of National Park
Djerdap and its vicinity (MARAN STEVANOVIC 2013,
unpublished report). These starting indicators are used
to develop methodology for the quantitative and qual-
itative assessments of geosites that should support
geoconservation and management of geoheritage sites
within potential geopark area. Adapting the method-
ologies and procedures suggested by REYNARD et al.
(2007), REYNARD (2008) and PEREIRA & PEREIRA
(2010) to our circumstances and objectives, the two
main stages are taken into consideration, the invento-
ry and evaluation with corresponding substages (Fig.
3). The inventory includes: 1) identification of poten-
tial geosites, 2) qualitative assessment of potential
geosites and 3) selection of geosites for quantitative
assessment. The evaluation phase involves two sub-
stages: 1) quantitative assessment of selected geosites,
and 2) analysis of results and categorization (ranking)
of geosites.

Operating criteria used to evaluate and quantify
geodiversity values as well as to choose potential geo-
heritage sites are presented. Some basic criteria have
been explained previously (MARAN 2005, 2008, 2010)

whereas “new” ones are designed for particular case.
They are divided into four groups, including scientif-
ic value (SV), other (additional) values (OV), func-
tional values (FV) and vulnerability of sites (VU)
(Table 1). Each category has its final score and the
total value (TV) will be reached by algorithm (MARAN
STEVANOVIC 2014Db):

Total value
(TV) = (3xSV) + (2xOV) + 2xFV) + 2xVU) / 2,5
maximum number of points = 100

The criterion scientific value (SV) of geoheritage
is the most important and includes several parameters
for its designation such as uniqueness, representative-
ness, complexity, educative value and level of explo-
ration (research).

Uniqueness (U) means that a phenomenon (miner-
alogical, petrological, paleontological, hydrogeologi-
cal, geomorphological, pedological etc.) is the only
one of that type within a spatial unit (continent, state)
and represents the etalon for estimating values of all
other phenomena (e.g. stratotype). Value and impor-
tance of such a phenomenon is universal. Representa-
tiveness (R) refers to the most complete representa-
tion of characteristics of a certain phenomenon. Out of
various objects (mineralogical, petrologic, paleonto-
logical, hydrogeological, geomorphologic etc.) one is
chosen if it illustrates nature and origin of a certain

Table 1. Criteria for evaluation of geoheritage sites (MARAN STEVANOVIC 2014b).

Scientific value (SV)

Other values (OV)

Functional values (FV)

Vulnerability (VU)

Uniqueness
Representativeness
Complexity
Educative value
Level of exploration

Ecological
Cultural
Aesthetic

Accessibility
Visibility

Connection with other natural

and cultural objects
Infrastructure facilities
Economic potential

Level of threat
Level of preservation
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phenomenon, form or process in the best (most com-
plete) way. The complexity (C) of certain phenome-
non means that its features have multipurpose charac-
ter (e.g. a cave with specific cave ornaments, fos-
silized remains and prehistoric artifacts is, at the same
time, the speleological, paleontological and archeo-
logical site). Educational value (EV) relates to the
possibility of particular phenomenon to be used in
affirmation, popularization and presentation of geolo-
gy and geosciences, geodiversity and geoheritage.
Level of exploration (LE) means amount of collected
information about certain phenomenon obtained
through literature, field data, personal experiences or
oral communications. Each mentioned parameter has
its numerical indicator (Table 2) and the final value is
presented by the algorithm:

SV = (4xU) + 2xR) + C + 2xEV) + LE
(maximum number of points = 50)

Table 2. Parameters and their numerical indices used to
estimate the scientific value of each geoheritage site.

Scientific value (SV) Score
Uniqueness (U) 0 — absent
Representativeness (R) 1 — insufficient
Complexity (C) 2 —low
Educative value (EV) 3 — medium
Level of exploration (LE) 4 —high

5 — very high

The second criterion implies other values (OV) of
geoheritage viewed from ecological (E), cultural
(CU) and aesthetic aspects (A) (Table 3). Ecological
value of geosite represents its contribution to the
interaction between biodiversity and geodiversity in
the area (e.g. development of particular ecotype, exis-
tence of endemic plant or animal species). Geosite can
contribute to the cultural identity of an area in differ-
ent ways, including its historic perspective (connec-
tion of certain site with historic events and people),
local religion, tradition and art. Aesthetic value refers
to the site visual appearance and its possibility to
attract observer attention. The algorithm shows the
final value of certain parameters:

OV=E+CU+(2xA)
(maximum number of points = 20)

As geoheritage sites are most commonly promoted
for tourism purposes, their functional values (FV)
are also significant and comprise the following indica-
tors (Table 4): a) accessibility (AC) (topography, dis-
tance from the main traffic roads, access to the object,
presence of asphalt roads or pathways in the area); b)
visibility (V); c) spatial connection (SC) with other

Table 3. Parameters and numerical indices of parameters
used to estimate other values of each geoheritage site.

Other values (OV) Score
Ecological (E) 0 — absent
Cultural (CU) 1 — insufficient
Aesthetic (A) 2 —low

3 —medium
4 —high
5 — very high

important natural and cultural sites; d) infrastructure
facilities (IF) (presence of infrastructure objects, ser-
vices and products intended for visitors, e. g. accom-
modation, restaurants, shops, information centers, mu-
seums, walking tours, informative panels, maps, sou-
venirs) and €) economic potential (EP) (possibility of
using sites for commercial purposes to gain profit).
The final value is determined through the following
algorithm:

FV=AC+V+SC+IF+ (2 x EP)
(maximum number of points = 20)

Table 4. Parameters and their numerical indices used to
estimate the functional value of each geoheritage site.

Functional value (FV) Score
Accessibility (AC) 1 — inaccessible
2 — medium
3 — good

Visibility (V) 1 — difficult to notice
2 — medium

3 —good

1 — absent or weak
2 —medium
3 —good

Spatial connection with
other natural and cultural
sites (SC)

| — absent or minimal
2 — medium
3 — good

Infrastructure facilities (IF)

1 — absent or low
2 —medium

3 —high

4 — very high

Economic potential (EP)

In order to choose appropriate conservation meth-
ods, it is necessary to assess the site vulnerability
(VU), which includes two indicators, the current level
of threat (LT) and current level of preservation (LP)
(Table 5). Threats to the integrity of geoheritage sites
are numerous and can be grouped as natural or anthro-
pogenic. The first category mainly relates to natural
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degradation caused by erosion and weathering
processes, landslides or vegetation growth. The sec-
ond group of threats, although almost unintended,
resulted from human activities including the expan-
sion of urban areas, commercial quarrying, improper
waste storage, inappropriate collecting and excessive
tourist pressure (MARAN STEVANOVIC 2014). The final
value will be reached through the following algo-
rithm:

VU=LT+LP
(maximum number of points = 10)

Table 5. Parameters and numerical values of parameters
used to estimate the level of threat and level of preservation
for each geoheritage site.

Vulnerability (VU) Score

0 —not threatened

1 — potentially threatened
2 — partially threatened

3 —threatened

4 — partially damaged

5 — highly damaged

Level of threat (LT)

Level of preservation (LP) | 0— very high

1 —high

2 — medium

3 low

4 — very low

5 —not preserved

These qualitative and quantitative parameters have
been used to test the categories of geoheritage sites,
previously proposed and discussed (MARrRaN 2010,
2012, 2012a). Accordingly, proposed numerical value
for each category is:

e The category Internationally Important Geosites
(IIG) includes sites with the total score that must
be greater than 85 points. They have to satisfy
the combination of three groups of classification
criteria, including scientific, additional and func-
tional values. In accordance to the current level
of threat and current level of preservation, sites
must be well preserved and not threatened (or
potentially threatened only).

e The category Nationally Important Geosites
(NIG) refers to sites with the total score between
75 and 85 points.

e The category Regionally Important Geosites
(RIG) incorporates sites with the total score
between 60 and 75 points.

e The category Locally Important Geosites (LIG)
may include sites with total score between 40
and 60 points, but exclusively, the score of scien-
tific value (SV) must be above 25 (SV > 25).

Qualitative and quantitative assessments are also
tested in process of selection of potential geoheritage
sites in studied areas in eastern and western Serbia
(Boljevac and Mokra Gora) (MARAN 2012). In addi-
tion to the verification of site rank, the evaluation of
site value and significance helps to determine relevant
measures for geoconservation, including physical pro-
tection, site monitoring and site preparation for visi-
tors as well as different scientific, educational and cul-
tural activities (e.g. establishment of georoutes). The
application of quantitative (numerical) evaluation is
important because it can minimize the assessor sub-
jectivity. It is expected that proposed methodology for
qualitative and quantitative assessments could be
accepted by relevant authorities and put into practice.

Final remarks and recommendations

Based on our previous experience, it can be con-
cluded that the researcher subjectivity dominated
largely in the process of site selection and suggestion
for conservation. Even today, most researchers obvi-
ously prefer their fields of expertise to considering
objective and realistic proposals. These circumstances
can be explained by the ignorance of basic standards
and a limited access to existing literature and practice.
This is the reason why more objective and quantita-
tive analysis should be carried out.

Proposed methodology includes qualitative and
quantitative assessments, which can serve as useful
instrument to meet the needs for appropriate manage-
ment and conservation of valuable geoheritage sites in
certain territory. It can reveal priorities for geosite
conservation, development of geotourism and educa-
tional activities.

It is generally accepted that the selected geosites
must be of top quality, complex in information, well-
preserved, and the most representative in their group
of phenomena. Consideration of the geoheritage sites
should be done through documentation, assessment
and comparison, at international, national, regional
and local levels. Site information must be reviewed on
the basis of personal experience, fieldwork, literature
and consultation with other geologists and geoscien-
tists with specific knowledge and expertise. The sig-
nificance rating assigned to the site must be periodi-
cally reassessed in light of new information and site
condition. Precise, objective and detailed explanation
should clearly indicate the site important characteris-
tics and its possible functions.

The qualitative and quantitative assessment should
become an integral part of the methodology of scien-
tific and professional researches that implies: a) study
on geodiversity of an area, b) qualitative evaluation
and selection of potential geoheritage sites, ¢) quanti-
tative evaluation, d) assessment of the site condition
and its vulnerability (level of threat and level of



Methodological guidelines for geoheritage site assessment: a proposal for Serbia 111

preservation), and e) proposals for adequate conserva-
tion measures and activities aimed at popularizing,
presentation and promotion of geosites.
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Pe3ume

MeTopoJ101IKe CMepHHUILE 32 MIPOLEHY
o0jexara reonacJsieha: npumep u3z Cponje

[Tojam TeomuBEP3UTET YBECH j€ Y HAYUHY H CTPY-
YHY JUTEparypy Jla Ou ce ommcaia pa3sHOBPCHOCT 00-
JIUKa, 10jaBa | Mpolleca y OKBUPY HEXKHUBE MPHUPOIE U
MCTaKao FHHIXOB 3HAYaj 32 HACTaHAK W Pa3BOj KUBOTA
Ha 3eMJbH. | eoHacnehe ynHe penpe3eHTaTHBHA (eHO-
MEHU TeOANBEP3UTETA, U3/IBOjEHH Kao IMOCeOHe MpH-
pOIHE BPENHOCTH OJl 3Hauaja 3a HayKy, 00pa3oBame,
KyATypy wiu ekoHoMujy. Cnenehn cmepHuile 3AKOHA
O KYATYPHUM JOBPUMA (71/1994) xojum je perymu-
caHa 3allTUTa HallMOHAJTHE KYJITypHE U IPUPOAHE Oa-
mrTHHe, 00jekTH reoHacneha TpymucaHu Cy y HBe
OCHOBHE KaTeropuje:

e Hemokperau o0jexTu reonacnela wimm reoHace-
he in situ cy TEOOMKY JTOKAIUTETH U IPOQPIIIH,
TTOBPIIMHCKU ¥ TIOA3EMHH OOJHUITH pesbeda, pa-
3IMUYATH TUTIOBU 3€MJBHIIITA.

o [eoHacrnelje ex sifu MITH MMOKPETHA 00jEKTH TeOHa-
creha oOyxBarajy NpuMepke CTeHa, MUHepala,
pyna u docuna, Koju ce HaKOH HISHTHU(UKAIIN]E
MOTY OJTHETH Ca JIOKAJINTeTa WIIN HAIA3UIITa T/e
CY OTKpUBEHHU paJii HAyYHUX U CTPYYIHUX HUCTpa-
KUBAMbA.

Ha ocHoBy Hamer mocamanimer HCKyCTBa MOXKE Ce
3aKJBYUYUTH J1a y TPOIIECy CeNeKIrje W Tpeaiarama
oOjekara reonacneha koju Tpeda qa ce 3amITUTE y Be-
JIUKO] MepH JOMHHHpa CyOjeKTHBHOCT IIpejiarada.
OuwnrnenHo je ma 4ak W gaHac BehwHa mcTpaxknBada
(aBopuzyje oHO uymMe ce 0aBW, a He O0jeKTHBHE U
peanne npenyore. OBaKBO YHEHEHUYHO CTamhE MOXKE
ce 00jacHUTH HENO3HAaBaFkbeM OCHOBHUX IPHUHIIHIIA
Te03allTUTEe W OTPaHUYECHWM YBUAOM y mocrtojehy
JTUTEpaTypy | MpaKcy.

3Havaj 1 BpemHOCT oOjekara reoHacneha yTphyje
C€ Ha OCHOBY CBHX NMPHUKYIUBEHHX PEJICBAHTHHUX WH-
¢dopmanmja (Iperien auTeparype M TOKyMEHTAIH]e,
TEPeHCKH paj, KOHCYNITaIfje ca CTpydmalnuMma pa-
3MUYATHX CHEIHjaTHOCTH, JIMYHO HCKYCTBO) Kao H
nmopehemeM ca CpomHUM O0jeKTMMa Ha MelyHapo-
JTHOM, HAIIMOHATHOM, PETHOHAITHOM U JIOKAJTHOM HU-
BOy. Y CBOjcTBY WwiaHa PagHe rpyre 3a oCHHUBame I10-
TEHIMjaTHoT Teomnapka Depmam, uctouna CpOuja, ox
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ayTopa OBOT pajia TPaXEHO je J1a MPeIIoKA METOo 3a
MIPOIEHY 3Ha4Yaja U BPEAHOCTH HEMOKPETHUX 00jeKxara
reonacieha (TeoNoKN JOKATUTETH U TIpodwi, 1mo-
BPITMHCKA W TIOJ3EMHH OONUIN pesbeda, pa3IuduTh
TUTIOBH 3€MJBHINTA) Ha MoApy4jy noctojeher Hamwmo-
HaJIHOT napka DBepaan u merose oxonune. [Ipunaro-
haBajyhu meronororuje u mpouenype xoje cy aedu-
Hucamu REYNARD et al. (2007), REYNARD (2008) u
PEREIRA & PEREIRA (2010) HammM ycioBuUMa |
norpedama, M3/IBOjeHE Cy JIB€ OCHOBHE METOIOJIOIIKE
(haze mnm erame: WHBEHTapW3alldja ¥ eBajyalldja.
®da3za WHBEHTapHU3allkje CacToju ce o Tpu mondase:
1) upaeHTHUKANMja TOTSHIMjATHUX HETOKPETHUX
oOjekara reonacnela, 2) KkBanuTaTHBHA MPOLIEHA He-
MOKpeTHUX objekara reonacieha u 3) u3dop objekara
3a KBaHTUTATWBHY aHanm3y. ®asza eBamyanmje oOy-
xBara nBe moxadase: 1) KBaHTUTATHBHA IPOIEHA
objexara reonacieha u 2) aHanmm3a pe3yiTara H
KaTeropusaiyja (paHrupame) o0jexara.

[IpenycnoB a yjemHo W mmoila3Ha OCHOBA 3a €Ba-
nmyanujy oOjekarta je mpaBuWiaH W300p KpHUTEpHjyMma,
KOJH CITy’K€ Kao aHAJIMTHYKa CPEJICTBA J1a Ce U3 TPyIie
MCTOBETHHUX WM CPOJHUX omadepe oOjexar Koju Haj-
KOMIUIETHHje mIycTpyje onpehenn dpeHomen. U3aso-
JEHU Cy KPUTEPHjyMH 3a eBallyalnjy, MOJeJheHH y de-
TupH Tpyne: Hayyau 3Ha4daj (H3), apyre Bpemnoctn
(AB), ymorpebna BpemHocT (YB) u pamusoct (P)
oOjekara. CBakd Off KPUTEPHjyMa HMa CBOj€ MOTKPH-

TepHUjyMe WM MapaMeTpe Kao u oaroBapajyhe myme-
pudKe o3HaKe. YKyIHa BpemIHOCT oxpeheHor objexTa
(YBO) onpehyje ce anroputmom:

YKYIIHA BPEJHOCT
(YBO) = (3xH3) + 2xAB) + 2x¥YB) + (2xP) / 2,5
MaxuMaJiHu Opoj nmoena = 100

Y ¢yHKOMjE ONepaTMBHUX HWHCTpyMEHara, HaBe-
JeHH KPUTEPHjyMH NPEIIOKEHH Cy Kao OCHOB 3a
WACHTU(HKAIN]Y, eBalyallljy, CEIeKIHjy W KaTero-
pu3anyjy TOTEHNHjaTHUX 00jeKaTH reoHaclieha He
camo Ha Tepuropuju HII Bepnan Beh u Ha Omito xom
npyrom moapy4jy y Cpouju. Ilpenopyka ayropa je ma
KBaJINTaTHBHA M KBAaHTHTAaTHBHA TIpOIlEHa oO0jexara
reonacieha Tpeba ma Oyzie cacTaBHH JI€0 METOIOIIOTH]e
HAay4YHOT M CTPYYHOT HCTPaKMBama Yy OKBHPY I€O-
3alIThTE, Koja 00yXBaTa: UCTPAKUBAEHE U ITPOYIaBaFhHE
reoauBep3nuTa oapeheHor mozapydja, KBaIUTATHBHY
eBaNlyallijy W W3Bajarbe MOTEHIMjaTHUX o0jexara
reonacieha, KBAHTUTATHBHY IPOIEHY o0jekara, mpo-
LIeHy TocTojeher crama U cTeneHa yrpoKeHoCTH 00je-
KaTa, ¥ TpeJyIore OroBapajyhnx 3alTuTHUX Mepa Kao
U aKTHBHOCTH YCMEpEHHX Ha IOIyJapu3anujy, mpe-
3€HTaIMjy W TPOMOIHjy objekara reonacneha. [lpu-
MeHa KBaHTUTATHBHE (HyMepHYKa) MpOIleHe objexara
jenaH je ox HaYMHA J1a ce CyOjeKTHBHOCT MpOIIeHhUBaYa
CBeJle Ha HajMamy Moryhy mepy.
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Geologists of Russian origin in the USA

PLATON TCHOUMATCHENCO! & MICHEL WIAZEMSKY?

Abstract. Many ethnic Russian geologists lived and worked in the Unites States of America. We describe in this paper
the life and career of geologists, (ie all Earth scientists — geologists, mineralogists, tectonicians, geophysicists, geo-
chemists, paleontologists, mining and drilling engineers, hydrogeologists, cosmos- geologists, etc.), regardless of their
original nationality (Russians, Ukrainians, Tatars, Germans, etc.) who were born in the Russian Empire, the Soviet Union

or the Russian Federation, as well as descendants of Russian émigrés who had the call of geology and worked in this part

of the world, without necessarily settling there.

We subdivide the history of the Russian emigration into three periods: a) first generation emigrants, before the October

1917 Revolution, or their descendants (6 persons); b) second wave of emigration after the Revolution (white emigration)
and their descendants (47 persons); ¢) a third wave, during and after WWII (1941-2013) (27 persons), totalling 80 Russian

geologists in the United States of America.

Introduction

Russian emigrant geologists in the United States of America
arrived at different times and for different reasons. The first peri-
od of immigration took place at the end of the 19th and beggining
of the 20th centuries (6 persons). The big wave came after the
October Revolution and the Civil War, before WW 1I (the white
emigration totaling 47 persons including their descendants). It was
followed by a last wave after WW II (27 geologists).

Included under the term “geologists™ are all earth sciences spe-
cialists — geologists, mineralogists, tectonicians, geophysicists,
geochemists, paleontologists, mine or drilling engineers, hydroge-
ologists, cosmos-geologists, etc. Under the nomination “Russian
origin” we include people from various nationalities, who live or
lived on the territory of the Russian Empire, the USSR or the Rus-
sian Federation.

We are not formal authors (in the strict meaning of the word),
but compilers of biographic data we could find through collegues,
the literature or the Internet and that are listed below as a biogra-
phical contribution to the field of the History of Geology.

List of the geologists of Russian origin who
worked or are presently working in the United
States of America.

1. JoHN N. ALEINIKOFF (*1950, Denver, USA), geochronology and
isotope analysis specialist (second generation white emigrant).
John N. Aleinikoff was born in Colorado (United States). We
ignore the arrival date of his ancestors in America. John N. Aleini-
kov is a field geologist, specialized in the isotopic age measure-

! E-mail: platon@]ark.tu-sofia.bg
2 E-mail: mwiazemsky@gmail.com

J. Aleinikoff. (Internet:esp.cr.usgs.gov)

ments of igneous rocks, based on an integrated analysis which
allows his team to determine the geological age of both sedimen-
tary and igneous rocks. He works at the US Geological Survey in
Denver (Colo), Federal Center, Rocky Mountain District. He col-
laborates with University of Virginia geologists, including Prof.
Robert P. Wintsch. In 1978, he was a member of a geological
expedition in Guatemala comprising a large group of geologists.
He co-authored many papers on the geochronology of Precam-
brian and Paleozoic metamorphic and igneous rocks in various
regions of the U.S., including Alaska.

2. ALEXANDER ANDRONIKOV (*1957, Leningrad, Russia), geolo-
gist, volcanologist, geochemist, petrologist, Ph.D. Emigrated after
the WWIL. Arizona

Alexander was born in a family of biologists, Dr.Vladimir
Borisovich Andronikov and Inna Nikolacvna Andronikova (née
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A. Andronikov (Personal archives)

Baranova). In 1980 Alexander graduated from the Leningrad Uni-
versity Faculty of Geology of as a “research geologist” specializ-
ing in historical geology. 10 years later he presented his thesis on
“The Mesozoic alkaline-ultrabasic magmatic rocks of the Jetty
Oasis, Prince Charles Mountains, East Antarctica”. In the Institute
of Oceanographic geology Alexander undertook research on the
geology and volcanology of East Antarctica in the course of three
Antarctic expeditions. In 1993 he was invited on temporary duty
as a researcher at the Department of Geology, University of Ta-
smania, and from 1995 to 1997 was a Fellow of Alexander von
Humboldt in the Mineralogical and Petrological Institute of the
University of Gottingen in Germany (Mineralogisches-Petrologi-
sches Institut, Universitdt Gottingen), where he studied the geo-
chemistry of the peridotitic xenoliths of the Mesozoic alkaline -
ultrabasic rocks of Antarctica. Alexander Andronikov was invited
in the Department of Geological Sciences, University of Michigan
in 1997, later being joined by his wife Irina, a geochemist and min-
eralogist (1999). His research focused on the Cenozoic basalts of
western and central Alaska and the Cretaceous basalts of the central
Arctic Ocean. Since 2010, Alexander is a researcher in the Lunar
and Planetary Laboratory, University of Arizona, Tucson. He is cur-
rently involved in the study of chondritic meteorites and a member
of the NASA OSIRIS-REx program, planned for 2016 and designed
to study the so-called Yarkovsky effect on the asteroid (101955)
Bennu (formerly named 1999 RQ36 before May Ist, 2013), an
Apollo-class (Earth-crossing) asteroid. The Yarkovsky effect is sup-
posed to deflect the trajectory of Earth-threatening asteroids. The
mission is also designed to bring back a sample from the surface of
the asteroid for petrographic studies. Together with his wife, he also
leads a world-wide survey of a large meteorite shower impact event
that supposedly struk Earth around 13,000 years ago. He also par-
ticipated in two Arctic expeditions (2008, 2009) and in 2011 was
engaged in field work in Belgium, Holland and Russia in the course
of the meteoric impact survey, also maintaining active contacts with
Quaternary geologists of the St. Petersburg Pedagogical University.
As an author and co-author A. Andronikov published about 50 arti-
cles in various magazines (Lithos, Chemical Geology,
Contributions to Mineralogy and Petrology, etc.).

3. IRINA ANDRONIKOVA (née Egorova) (*1958, Leningrad, Russia),
geologist, geochemist, mineralogist, Alexander Andronikov’s
wife. Emigrated after the WWII; Arizona.

In 1980, Irina graduated from the Leningrad University Facul-
ty of Geology and Mineralogy. She undertook a petrographic stu-

Irina Andronikova (Personal archives)

dy of Western and Eastern Antarctica rocks at the Institute of
Oceanographic geology. In 1984 she worked in the St Petersburg-
based “Sevzapgeologiya” Company, studying the potentially dia-
mondiferous rocks of Karelia and the Kola Peninsula. In 1989 she
moved to the organization “Rudgeofizics” where she aggregated
data on mineral deposits in Russia in order to make recommenda-
tions on the application of geophysical methods of research. After
a short stay with her husband in Australia, she returned to the
Geology Department at the Saint Petersburg University Mineralo-
gical and Geolgical Museum. In 1999 she moved to the United
States in order to work with her husband.

4. ALEX MARK ALEXANDER (*1898? Russian Empire — 11934,
USA), petroleum engineer, geophysicist. Emigrated after the Octo-
ber Revolution and the Civil War — first generation. Oklahoma.

Alexei’s original name was probably americanized after reset-
tlement in the United States. Alex Alexander’s studies were sup-
ported by the Russian Student Foundation. He graduated in 1925
from Pittsburgh University as a petroleum engineer. He was
engaged for seven years in the Empire Oil and Gas Company in
Bartlesville (Oklahoma) being involved in the development and
calibration of magnetometers used for the measurement of mag-
netic fields. Alex Alexander died young at only 36.

5. IRINA ARTEMIEF (*1961, Moscow, Russia), geophysicist, geo-
chemist, PhD., Associate professor.

Irina Artemieva (TCHOUMATCHENCO P. ef al. 2014) graduated
from the Moscow Faculty of Physics in 1984. Two years later, she
presented her thesis at the Russian Academy of Sciences’ Institute



of Physics of the Earth in Moscow, where she was employed until
1999, studying the structure and evolution of the continental lith-
osphere, based on the integration of geophysical data. From 1999
to 2001 Irina Artemieva was at the University of Uppsala in
Sweden, then for one year a research associate at the University of
Strasbourg (France), then for two years a senior fellow at the Geo-
logical Commission of California (USA). Since 2005 she is a pro-
fessor at the University of Copenhagen’s Geological Institute
(Denmark). I. Artemieva studied the thermodynamics of the conti-
nental mantle and lithosphere, from the comparative study of petro-
logical data, lithospheric structures and seismic models in Europe.
She published a number of articles, including the monograph “The
Lithosphere. An Interdisciplinary Approach.” She is the editor of
the newspaper “Geodynamics”, member of the Geophysical Society
of America and the Astronomical Society of London.

6. Boris AVDEEV (*1980, Leningrad, Russia — 12012, Dallas,
USA), geologist, tectonician, Ph.D. Emigrated after WW I
Michigan.

B. Avdeev (Internet: borisavdeev.ru)

Boris Avdeev received BS and MS degrees in geology at the St.
Petersburg State University. He moved to the United States in
2003, quickly learned English and received his second master’s
degree (geostatistics) at the University of Texas Arlington. In
2006 he was joined the University of Michigan at the Faculty of
Earth and Environmental Sciences until his tragic death in 2012.
In 2011 he presented his Ph.D. thesis on “The evolution of tecton-
ic movements of the Greater Caucasus ridge running along the
borders of Russia, Georgia and Azerbaijan, and forming the north-
ern tectonic element of the Arabian- Eurasian contact zone” at the
University of Michigan under the direction of prof. Nathan Niemi.

Boris Avdeev engaged in the development of new numerical
methods for data processing and interpretation, and low-tempera-
ture thermochronology. In 2012 he received a post- doctoral fel-
lowship at UC Berkeley, but did not join. He managed to publish
at least 8 scientific papers on tectonics and geodynamics, erosion
and climate models, and statistical treatment of the Greater Cauca-
sus and the Eurasian - Arabian Orogen. In 2010, together with the
Austrian climber Peter Schoen he climbed and measured the
height of the tallest mountain of Georgia, the Shkhara (5,193 m).
Boris was an experienced skier, but tragically died April 19, 2012
at the age of 31 in the mountains of the High Sierra during an
ascent he performed alone. Boris Avdeev was a cheerful, tireless,
highly intelligent and creative thinking person. He walked through
life with energy and enthusiasm, never stopping halfway. In me-
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mory of Boris Avdeev, a fund was established at the Faculty of
Earth and Environmental Sciences to support young graduate stu-
dents and researchers.

7. ALEXANDER BELOUSOV (*1962 Village Olhovka, Volgograd re-
gion, Russia), geologist, volcanologist, PhD.

A. Belousov (Personal Archives)

Alexander Belousov was born in a geologists family. His
grandfather Boris Ivanovich Piip, a volcanologist and correspon-
ding member of the USSR Academy of Sciences, founded the
Kamchatka Institute of Volcanology, so influencing his grandson’s
choices. Alexander’s parents are Valentina Piip, professor of geo-
physics at the Moscow State University and Boris Belousov,
Director at Gazprom. Alexander loves photography, scuba diving
and science. In 1984 he graduated from Moscow State Uni-
versity’s Faculty of Geology, specializing in “geological studies,
mineral prospecting and exploration”. Ten years later he present-
ed a thesis on “The catastrophic eruptions pyroclastic deposits of
the Bezimenny, Chivelouch and St. Helens Volcanoes” under the
direction of Professor VT Frolov. Alexander was a researcher at
the Kamchatka Institute of Volcanology in the decade 1984-2004
and again from 2012 to present. In 2004-2007 he was a research
fellow at the Sakhalin Institute of Geology and Marine Geophy-
sics. Belousov is engaged in the domains of physical volcanology,
pyroclastic stratigraphy of volcanic edifices and the monitoring of
volcanic activity in Kamchatka, Sakhalin Island and the Kuril Is-
lands. He made 30 field seasons on active and dormant volcanoes.

Alexander Belousov (TCHOUMATCHENCO P. et al. 2014) also
traveled as a visiting foreign researcher. He completed stays of 3
to 6 months in the Universities of Arizona and Pennsylvania
(USA), in the Laboratory of volcanology at the University Blaise
Pascal (France), the Academia Sinica of Taiwan (2008—-2009) and
the Observatory of Earth Sciences in Singapore (2009-2012). In
the years 2000-2004 he was a fellow of the Humboldt Foundation
at the Leibniz-Institut fiir Meereswissenschaften of Kiel Univer-
sity, IFM-GEOMAR. Also specializing in the reconstitution of
volcanic eruptions, Alexander Belousov published over 80 scien-
tific books as author or co-author, including about 25 overseas
publications in English and Spanish, on the observations of gey-
sers, the characterization of volcanic eruptions processes, the
reconstitution of past eruptions and pyroclastic deposits. He is a
member of the International Association of Volcanology and Che-
mistry of the Earth’s interior (IAVCEI) and the American Geo-
physical Union (AGU).
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8. BORIS BRAINIKOFF / Bopuc BiAJIMMHMPOBUY BPAXXHUKOB
(*1904, Far East, Russian Empire — 11988, USA), geologist,
hydrogeologist, petrographer, Dr.

Data collected on B. Brajnikoff from various sources are not
always reliable. The first mention of the family goes back to Basil
the Hawk, a magistrate sent by King Ivan in 1496 on the grounds
of Ugra at the head of an army.

Boris’s father, VLADIMIR K. BRAINIKOFF (¥1870 — 11921), was
a famous ichthyologist involved in fisheries. After graduating
from Moscow University, he was responsible for fisheries in the
Far East, then head of the Russian fisheries since 1912, responsi-
ble for scientific research and commercial production. For profes-
sional reasons, the Brajnikoff family moved to Japan. It is there
that they learned about the 1917 revolution. The Japanese, aware
of Vladimir’s scientific capacities, offered him a professorship at
Tokyo University. He spent there the last years of his life, lectur-
ing at the Fish Institute. Vladimir’s wife, ELLA EDUARDOVNA (*?
— 11969) moved to France after her husband’s death and then to
the United States, where she died.

For 30 years Boris Brajnikoff (TCHOUMATCHENCO P. et al. 2014)
was a geologist at the Ministry of Mineral Resources and professor
at Paris University. He participated in the geological mapping of
Brazil and equatorial Africa. From 1931 on, he taught geology at the
Instituto de Tecnologia Industrial de Minas Gerais in Brazil. In 1939,
he married EUGENIA KARLOVNA MILLER (*1907 — $1980), who was
the daughter of the History professor Karl Karlovich Miller and the
niece of the Lieutenant General of the Northern Russian White Army
E.K. Miller. Eugenia Karlovna had lived in Japan and studied art in
Italy, where his father was a representative of the Ministry of Trade
and Industry in the Russian embassy. She then moved to France
where she took to painting and lithography. In 1960, the couple set-
tled permanently in Berkeley (California, USA), where Brajnikoff
once worked. We have indications that he was in the United States in
1982, and taught at the Theological Academy. B.V. Brajnikoff pub-
lished many articles on the topics of geology, petrology and hydro-
geology, in Paris, the United States and particularly in Brazil. He also
translated the Russian geological literature in English. He and his
wife are buried in the cemetery of the Orthodox Monastery of the
Holy Trinity in Jordanville, New York (USA).

9. GEORGE V. CHILINGAR (CHILINGARIAN) (*1929, Tbilisi, Georgia,
USSR), engineering petroleum geologist, Ph. D., professor (pro-
fessor emeritus). Emigrated after the October Revolution and the
Civil War — first generation. California.

Prof. G. Chilingar, Moscow, 2008

Prof. G. Chilingar, 2011 (Personal Archives)

A native of Georgia, George Chilingar is familiar with, and is
honored by presidents and kings. His long and bright life-story is
worthy of a science fiction novel. He is one of the best-known
petroleum geologists in the world and the founder of several pres-
tigious journals in the oil and gas industry. He is fluent in nine lan-
guages, and Russian is his maternal language at the time when he
was Gevorg Varosovich Chilingarian —which is the full name of
the scientist. Settling in the U.S. he slightly shortened his name
while serving in the Air Force, so that his chiefs had no difficulty
in pronouncing his name, when he was commanded to jump from
an airplane. He said “I always jump first, I really wanted to fly,”
(MANUCHAROVA N. 2008).

George comes from an Armenian-Russian family established
in Georgia. His father was a Persian subject who, after graduating
in Georgia, returned to Iran to become the Shah’s personnal physi-
cian. His Russian wife and son were rescued by the Shah, in an
exchange for two Soviet spies caught in Iran. George received his
primary education in Tehran and in 1940 his family immigrated to
the United States, where George graduated in 1950 from the South
California University as an oilfield specialist. Four years later he
presented his Ph.D. thesis in Geology and Petroleum Engineering.
During voluntary military service at Wright-Patterson Air Force in
Dayton (Ohio), he headed the petrochemical laboratory. He then
returned to the University of Southern California as an assistant,
quickly becoming a professor at the Faculty of Petroleum Geolo-
gy SCU, then head of the oil department (1965).

G. Chilingar made significant contribution to the geology of oil
and gas, with emphasis on petroleum reservoirs, petrophysics and
sedimentology of oil-gas rocks. His major achievement was the
development of a methodology for assessing the rich oil deposits:
“The analysis of the Ca/Mg ratio in core samples.” This method
enabled to discover one of the richest Iranian oil fields, named
“Chilingar” after his name. His publications on the geology of the
Gulf (Iran, Saudi Arabia), South America, Thailand and Vietnam
are well known to geologists around the world. He published 72
books and over 500 articles on geology, petroleum engineering
and environmental engineering, which have been translated in
many languages, including Russian and Chinese.

At the turn of the 20t century, G. Chilingar collaborated with
the Russian petroleum specialist N.A. Eremenko for producing in
Russian a global review of the 20t century petroleum geology



achievements with recommandations and predictions for its devel-
opment in the next century. He also worked with petroleum geol-
ogist Leonid Alexeyevich Buryakovsky from the Baku Research
Institute of the Azerbainjan SSR., before moving to Houston. With
L. Khilyuk he published the paper “On global forces of nature
driving the Earth’s climate” (KHILYUK L. & CHILINGAR G.F. 2006)
in which they defended the idea of global cooling instead of
warming. His recent research work concentrated on environmen-
tal aspects of oil and gas production, petrophysical properties of
rocks and drilling fluids, surface and subsurface operations in
petroleum production and subsidence due to the fluid withdrawal,
testing and storage of petroleum products.

Prof. Chilingar founded two scientific journals: “Energy Sour-
ces” and “Journal of Petroleum Science and Engineering”, also is
a member of the editorial board of the “Russian geology and geo-
physics” journal. He is the first American petroleum specialist
who also is a member of the Russian Academy of Sciences, an ho-
norary professor at the “Gubkin”State University of Oil and Gas.
During his visits to Russia, he stressed that “the friendship be-
tween Russia and the U.S. is the only way to rescue the two great
nations in today’s challenging situation.”

In his live, Prof. Chilingarian received more than 100 awards
and medals, including the award of the Saudi Arabian King for his
outstanding contribution to the success of the Saudi Aramco Com-
pany. He served as senior petroleum engineering adviser to the
United Nations from 1967 to 1969, and then again from 1978 to
1987. He was also an energy policy adviser to California Gover-
nor Ronald Reagan in 1973, was an Honorary Consul of the Re-
public of Honduras in the United States. In memory of his military
service, the “Chilingar Medal” was created for cadets and instruc-
tors of the U.S. Air Force.

10. MICHAEL CHURKIN JR. (*1932, San Francisco, USA — 1?7 2009,
USA), geologist , stratigrapher , paleontologist, plate tectonician,
Ph.D. Emigrated after the October Revolution and the Civil War
—Second generation white emigrant., Alaska, California, Nevada.

Michael’s father, Michael F. Churkin (*1901, Russian Empire),
his mother Eugenia Churkin (*1903, Russian Empire) and grand-
mother Fedosya Churkina (*1875, Russian Empire — 11989,
USA), emigrated from Russia and settled in the United States, San
Francisco , where they took American citizenship (1929). Their
son Michael was born in America and received a Ph.D. degree
(1961).

M. Churkin Jr. entered the US Geological Survey at Menlo Park,
California, beginning with the study of Silurian and Ordovician
graptolites from Nevada and Alaska (CARTER C., CHURKIN M. JR. et
al. 1973), Paleozoic corals of Alaska, then studying the structural
development of Alaska in the Precambrian and Paleozoic. He was
engaged in the correlation of different facies of Paleozoic tectonic
plates along the western boundary of the North American continen-
tal plate (CHURKIN M.Jr. 1971), which he traced back to the territo-
ry of Siberia, Alaska, with stratigraphic correlations with Eastern
Russia. He published more than 20 papers on the above mentioned
topics.

11. VLADIMIR DAvYDOV (*1951, Dushanbe, Tajikistan, paleontol-
ogist, biostratigrapher, PhD, research professor. Emigrated after
WW II. Idaho.
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V. Davydov (Personal Archives)

In his last school-year, Vladimir Davydov went on a geologi-
cal expedition that determined his future career. In 1973 he grad-
uated from the Tajik State University as a geologist. Nine years
later, he presented his PhD thesis. He then was engaged in geolog-
ical survey at the Tajik Geological Department and subsequently
as a paleontologist at the VSEGEI Institute in Leningrad. During
this period, he participated in geological tours to Austria , Spain,
Canada, USA and Norway. In 1995, he was invited at the Depart-
ment of Geosciences, Boise State University, Idaho, USA, hired as
a professor and researcher, teaching paleontology and biostratig-
raphy. Specialist of Paleozoic foraminifera, Davydov also deals
with computer methods of biostratigraphic correlation, chronostra-
tigraphy and radiometric dating of the world’s Devonian,
Carboniferous and Permian strata. He cooperates with colleagues
from the Ural Institute of Geology and Geochemistry in Yeka-
terinburg , the Institute of Geology in Ufa, the Bashkir Branch of
the Russian Academy of Sciences , the Institute of Geology in
Dushanbe and Magadan . He is the author or co-author of nume-
rous articles on the Paleozoic stratigraphy, paleontology and tec-
tonics in foreign scientific journals. Vladimir is member of the
subcommittee of the International Stratigraphic Commission,
member of the Geological and Paleontological Society of Ame-
rica and the American Geophysical Union.

12. JacoB L. DELEVSKY (*1868 Pruzany, Grodno province, Rus-
sian Empire — 11957, New York York, USA), petroleum geologist
and publicist. Emigrated before the October Revolution. New
York.

Jacob Delevsky was a brilliant and highly educated man. In
Russia he received distinction diploma in Law and Mathematics-
Physics at the St. Petersburg University. Being engaged in activi-
ties considered subversive by the regime (he was the publisher of
“The will of the people”, and reader at the Russian Popular Uni-
versity), he was arrested in 1890 and sent to prison, then in exile
in Yakutia and in the city of Grodno.

After his release in 1900, Jacob Delevsky immigrated to France
where, following a degree in Mathematics at the Sorbonne, he grad-
uated from the Ecole des Mines de Paris (1904); he engaged in oil
exploration in Europe, Africa and Argentina, becoming an expert in
the geological study and development of oil fields, publishing in
scientific journals. In the years 1924-1935 he was a consultant for
oil exploration campaigns in France, Tunisia, Algeria, Spain and
other countries. J. Delevsky also was interested in various topics,
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such as natural philosophy, sociology, Spanish grammar, subjects
on which he wrote books. He was an honorary member of the
French Astronomical Society, where he gave public lectures.

J.L. Delevsky was also an active and committed journalist,
publishing with V.K. Agafonoff, in the years 1908-1909, the
newspaper “Revolutionary Ideas” in London and Paris. He also
was in charge of the scientific section of the Paris newspaper
“Latest News” and a member of a Masonic Lodge. In the years
1927-1937 he was a Board member of the Turgenev Library, and
one of the founders of the Russian Scientific and Philosophical
Society, writing in literary magazines under the pseudonym Yuri
Delevsky. J. Delevsky was married to the revolutionary Marie
Semenovna Schaeffer. In 1941, he moved to the United States
where he joined the literary society in New York.

13. PAUL S. DVORKOVICH / RUBIN — PINKHUS ZELMANOVICH (SOLO-
MONOVICH) DVORKOVICH (*1858, Lithuania, Russian Empire —
11929, Paris, France , is buried in London); petro chemist, petrole-
um specialist. Emigrated before the October Revolution, returned to
Russia and after then emigarated again — after the October
Revolution — first generation. USA (Texas?).

Pavel S. Dvorkovich graduated from the Medical Academy
and the University of Moscow. His eventful career includes exper-
iments in biology, officer in the military department , master of
pharmacy, contacts with the revolutionaries wanted by the De-
partment of the tsarist police to arrest. In 1887, he lived in Mo-
scow with the noblewoman Nadezhda (? Mihajlovna) Protopo-
pova. In 1890, in association with the merchant Julius Miller, he
owned the “Establishments for the Manufacture of Manganese
and Salts” close to the Simonov monastery near Moscow.

In 1889 he travelled abroad, living in London in March 1890,
devoting his activities to the oil industry. He then travelled to the
U.S, Mexico, Romania and Asian countries. P.S. Dvorkovich was
a consultant for the Shell Company, founded the Petroleum Insti-
tute in England, edited and published the magazine “Petroleum
Times”. In 1900 he organized in Paris the first International Pe-
troleum Congress, which was attended by eminent experts and
industrial businesmen all over the world. He was instrumental in
introducing as Honorary President of the Congress the correspon-
ding member of the St. Petersburg Imperial Academy of Sciences,
Dmitry Ivanovich Mendeleev, the discoverer of the periodic law
of the chemical elements. The Congress awarded P.S. Dvorkovich
a gold medal for his contribution to the development of oil explo-
ration.

During the First World War he saved English families from
occupied territory, organized the Day of the Anglo-Russian flag
and collected 500,000 pounds for the Russian Red Cross society.
After the revolution Paul Dvorkovich was appointed chairman of
the Chemistry Department of one of the ministries in the govern-
ment of Soviet Russia. In 1921 P. Dvorkovich emigrated and lived
mainly in London. He visited in Paris many times, participated in
the organization of oil companies and the creation of laboratories
and factories.

14. STEPHEN 1. DWORKIN / STEVE DWORKIN (* 1959, USA), geo-
chemis , hydrogeologist, petrologist, PhD., Professor. Emigrated
after the October Revolution and the Civil War —second genera-
tion. Texas.

S. Dworkin (Baylor University: baylor.edu

Steve Dworkin’s grand-father emigrated from Minsk, in about
1912. Steve received a geological education from the University
of Michigan (1983) and a PhD. from the University of Texas,
Austin (1991). He is a professor at the Department of Geology,
Baylor University, Texas, engaged in low-temperature and water
isotope geochemistry, sedimentary petrology and hydrogeology.
His research interests focus on paleoclimatic reconstructions of
continental basins on the basis the chemistry of calcite and orga-
nic Triassic paleosols preserved in the petrified Chinle Formation
in the Arizona National Park, as well as western Texas soils of the
Jurassic—Cretaceous boundary.

In his teachings, Professor Steve Dworkin is orginal and very
inventive. His students comment on how communicatively enthu-
siast he is at teaching geology, a charming professor who captures
even those who hitherto were not very interested in the subject.
Teaching geochemistry in practice is an art which he perfectly
masters.

15. STEPHEN EUGENE DWORNIK (*1926, Buffalo, United States —
12012, Washington, USA), a soil scientist, geologist, planetary
geologist , Ph.D. Emigrated after the October Revolution and the
Civil War — second generation. Virginia.

S. Dwornik (Internet: rock.geosociety.org

Stephen E. Dwornik, the son of Polish and Ukrainian immi-
grants during WWII, served in the U.S. Army. In the 60s he studi-
ed changes in soils and vegetation following underground nuclear
explosions tests. From 1968 to 1976 he was head of the depart-
ment of global programs of the Office of Space Science and Te-
chnology, and then for 3 years NASA chief planetary geologist,



receiveing a NASA award in 1974. After retiring from NASA, he
worked at Ball Aerospace, then on the organization of space re-
search at the William and Mary College.

In the 1970s, Stephen Dwornik became concerned that very
few American students engaged into planetary science. In 1991,
he made donations to the Geological Society of America in sup-
port of American students. An award was created for students of
American citizenship, the “Stephen E. Dwornik Planetary Geosci-
ence Award Fund”, aimed at acquainting students to the problems
of NASA and planetary research, addressing the fundamental
problems of planetary geology in the broadest sense, including
geochemistry, mineralogy, petrology, geophysics, geological map-
ping and remote sensing, under the supervisions of the Geological
Society of America, Planetary Geology Division. The award con-
sists of a medal and a monetary prize, awarded to the best student
presentation at the Annual Scientific Research Conference on the
Moon and other planets.

16. EDWARD JOHN DWORNIK (¥1920? — 12004, Lewes, Delaware,
USA), kosmogeolog, mineralogist. Emigrated after the October
Revolution and the Civil War — first generation. Arkansas.

Edward J. Dwornik was a descendant of Polish-Ukrainian im-
migrants. He worked at the U.S. Geological Survey in Washin-
gton, concentrating on vanadium deposits. He studied minerals
(aragonite, kolbekite, sterrenite) and rocks (mainly primary dolo-
mite) with the electron microscope and X-ray analysis difrac-
tometer, participating in the discovery of new minerals (the
mackelveyite, etc.). The mineral dwornikite (or millerite, an
hydrated nickel sulfate), discovered in 1982, was called after his
name:

“We named the mineral in honor of Edward J. Dwornik, min-
eralogist at the U.S. Geological Survey, who spent extensive stud-
ies of vanadium minerals from Arkansas and Peru. The name was
adopted by the Commission on New Minerals and Mineral Names
at the International Mineralogical Association” (MILTON C. et al.
1982; DunN P.J. 1983).

Edward J. Dwornik is also known for his research on the geol-
ogy of the Moon.

17. NICHOLAS ANTONOVICH EFREMOV / pseudonym N. NIZHALSKY
(*1904 st. Migulinskaya Taganrog district, Russian Empire — $1962,
New York, USA), geologist, geochemist, journalist, Dr. Emigrated
after WW II. New York.

Nicholas Efremov, the son of a miller, grew up in a wealthy
family of the Don Cossacks. He received higher education at the
Polytechnic Institute in Novocherkassk. After completion of his
studies, N.E. Efremov was hired in Novocherkassk at the Geolo-
gical Institute of the Academy of Sciences and the Geological
Survey of Moscow, participating in surveys in Siberia and the
Kazakhstan, the Caucasus and the Urals.

On January 5, 1931, during a wave of persecution of intellectu-
als, he was arrested for “the cause of the Industrial Party “ with a
group of professors, many of whom were geologists, including the
geologist Peter N. Chirvinsky (*1880 — 11955), the mineralogist
and graduated from Novocherkassk Pyotr Petrovich Sushchinskii
(*1895 - 11937), the custodian of the Imperial Mineralogical cabi-
net of St. Petersburg University, and others, on charges of sabotage
(concealment of mineral reserves). Efremov was sentenced to five
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years of imprisonement, the period being reduced to one year. He
was sent along with Prof. P. Sushchinskii through Moscow to a
camp on the isle of Vaygach at the exploration and mining expedi-
tion of the OGPU, at Anderma on the coast of the Kara Sea. In 1930,
a camp had been established on the isle of Vaygach, known as the
“Vaygach expedition and later as the “Anderma camp”, which was
inhabited by 30 geologists. Under the leadership of P.A. Shrubko
the Amderma fluorite deposit was discovered, at the time the largest
in the USSR. Upon his return from exile he was appointed to the
University of Rostov at the Geology Department of Professor V.V.
Bogachyov. During WWII, when the Germans occupied Rostov-
on-Don, N.E. Efremov was deported to Europe, the end of the war
finding him in Germany. After the war he remained as a university
professor for “displaced persons” at the UNRRA in Munich, lectur-
ing in Regensburg and Munich at the Ukrainian institutes, moving
to the United States in 1950. In America, he lived in New York,
engaged in geochemistry and mineralogy (GUL R., 1962), publish-
ing on his material from Russia. He became a member of the
American Geological Society, the American Geophysical Union,
the American Mineralogical Society and the American Geogra-
phical Society, where he made search reports. He also was a mem-
ber of the Ukrainian Academy of Sciences in New York, lecturing
to a public of Russian culture. N.E. Efremov published many scien-
tific and popular articles and essays, authoring about 80 publica-
tions on geology, mineralogy and geochemistry in Russia, Germany
and the US. In exile, he was known under the pseudonym N.
Nizhalsky, speaking as a scientific commentator on radio “Fre-
edom” aimed at the USSR. In 1989, N.E. Efremov was posthu-
mously rehabilitated in Russia.

18. MaX ELiASH (ELIASHEVICH) (*1889, Minsk, Russian Empire —
11982 Elyans, USA) palaeobotanist, paleoecologist, biostratigra-
pher, Ph.D. (first generation emigrant).

M. Eliash (Lesnikovska A., 1995)

Max Eliash studied at the Imperial School of Mines in St. Pe-
tersburg, where in 1917 he received his degree in mining engi-
neering. He began working as a geologist in the coal mines of the
Urals Mining Enterprise, and later wrote several papers on the
coal deposits of the Ussuri region. During the Civil War he was
evacuated to Vladivostok, fleeing the Red Army on the cargo
trains. Here he taught for some time at the Polytechnic Institute,
became a member of the Russian Geographical Society, and later
moved to Japan, where he stayed but for a short while.
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In 1922 he moved to the U.S. and until 1937 worked as a geol-
ogist at the Kansas State Geological Survey, taking American cit-
izenship in 1930. In 1938 Max Eliash led a geological expedition
in Colombia (South America). A year later, he presented his Ph.D.
thesis at Yale University and immediately thereafter began to
work in the Conservation and Survey Division of the University
of Nebraska, where he worked for 20 years - until retirement.
While retired, Max Elias taught at The Research Institute, Univer-
sity of Oklahoma.

19. WacLAaw StaNISLAVOVICH FEDUKOwICZ (*1897, Wilenskaya
gubernya, Russian Empire — 11979, Florida, USA), geophysicist,
Ph.D., Professor. Emigrated during the WWIIL. New York.

W. Fedukowicz (Alexandrov E., 1980)

Waclaw Fedukowicz was born in eastern Poland, later includ-
ed in the Russian Empire (ALEXANDROV E.A. 1980; FEDUKOWICZ
W. 1975). During the WWI, the family Fedukovicz moved to
Russia. Waclaw attended lectures at the St. Petersburg Mining In-
stitute, which were interrupted by the revolution and Civil War. In
1924 he graduated from Ekaterynoslav (later Dnepropetrovsk)
Mining Institute, working at the same time as laboratory assistant
in the Department of Geophysics where he began teaching geo-
physics after graduation.

In 1930 at the Kiev Mining Institute, he was involved in teach-
ing and research activities, being associate dean of the Faculty of
Geology, and editing the Department’s publications. In 1935 W. Fe-
dukowicz received a PhD in Physics and Mathematics and the title
of professor, then moving to the Dnepropetrovsk Mining Institute.
His students subsequently occupied leading positions in geophysics
as scientists, researchers and teachers. During the 1930s wave of
persecution, his two brothers were arrested on false charges and
died in Stalin’s camps. Waclaw escaped together with his wife Ele-
na Terentievna Fedukowicz (née Biantovskaja, *1900 — 11998), a
prominent ophthalmologist, daughter of an Orthodox priest. In 1938
they could return to Kiev, where Waclaw headed the Geophysical
Department of the Geological Institute of the Ukrainian Academy
of Sciences and taught geophysics at the University of Kiev.

During WWII and the 1943 German occupation, Waclaw Fe-
dukowicz and his wife crossed through Poland, Czechoslovakia
and Austria to Germany. Six years later they moved to the U.S.,
where Waclaw initially was engaged in the manufacturing of gyp-
sum figures. In 1950 he returned to geophysics, with studies in the
U.S. and Canada. Four years later he joined the Lamont - Doherty

Observatory at Columbia University (NY), engaged in oceanogra-
phic geology and geophysics, teaching at New York University,
retiering in 1971. His wife was director of an ophthalmic bacteri-
ology laboratory at New York University, Bellevue Hospital.
Waclaw Fedukowicz published many articles and books on
seismicity, magnetic anomalies, gravity surveying, mining maping,
physical properties of sea water at great depths. He invented tech-
niques for measuring borehole deviations, gravity and magnetic
equipment and geophysical exploration. He was a member of sev-
eral professional American societies, a participating member in the
creation of the Academic Russian Groups in the United States.

20. CHARLES AUGUST FELDVEBER / CARL TANNER (*1897, Valga,
Estonia, Russian Empire — 11983, California, USA), mining engi-
neer. Emigrated during WW II. California.

Charles was the son of a German farmer living in Estonia, and
thus belonged to the Russian Empire. He studied at the St. Peter-
sburg (then Petrograd) Mining Institute in Russia (1915-1918) as
opportunities to qualify in this field in Estonia did not yet exist. In
1920, Charles joined the Estonian army and fought for the libera-
tion of Estonia. He then studied at the Royal Technical College
and the University of Glasgow (Great Britain). After graduation in
1922 he returned to Estonia. The oil production in Estonia was
still in its infancy. Charles Feldveber began his successful career,
during which he introduced many new and original methods in the
mining industry. He organized training seminars for the mining
industry, which later became the Mining School in JGhvi, Viru
County, the first geological survey school in Estonia. Carl was
also a lecturer at Tallinn Technical University for six years
(1938-44). In 1944, he emigrated during the WWII with his wife
and three children. In exile, he lived until 1950 in Germany before
settling in the United States (Los Angeles), where he changed his
name to Carl Tanner. In the U.S., as an engineer, he participated in
the construction of roads and tunnels. He took an active part in the
life of the local Estonian community.

21. XeENIA G. GOLOVCHENKO (*?71947-52? Liege, Belgium), marine
geologist, stratigrapher, geophysicist. Emigrated after the October
Revolution and the Civil War —third generation. New York State.

X. Golovchenko (Alexandrov E., 2005)

Xenia’s mother, Zinaida Fyodorovna née Kostin, and his
father, an industrial civil engineer named Georgy Golovchenko



(*1926 — §2011) from Brest (a town, which, during the period
1915 to 1939 passed from hand to hand, alternately belonging to
Russia, Ukraine and Poland). Her parents settled in Prague, and
after WWIL, moved to Germany then Belgium, Xenia’s country of
birth, and finally in the US (1954). Xenia went to college in New
York, and began higher education at the University of Delaware,
majoring in geology at Columbia University (NY). In 1976-77,
she taught for two years at the stratigraphy department of the
Santiago de Chile University’s Geological Faculty, studying the
free gas at the base of the gas hydrate zone near Chile (BANGS
N.L.B. et al. 1993). Upon returning to the United States she en-
tered the Lamont - Doherty geological and oceanographic labora-
tory magnetism department (Columbia University). In 1981 she
engaged in stratigraphy and petroleum geology of coastal and
marine basins at Marathon Oil Company, returning to Columbia
University in 1986. X.G. Golovchenko published more than 15
books and articles dealing with tectonic and geological maps of
the Pacific continental plates and ocean floor, Cenozoic sedimen-
tation in the basin of the Black Bahama, the effects of sea level
fluctuations on the Atlantic Ocean continental shelf, the Antarctic
and other mountain ridges. At to the present time she is editing
geological books.

22. ALEXEY G. GONCHAROV (*1958, Shakhty village, Rostov regi-
on, Russia), geophysicist, PhD. After WW II. Wyoming.

A. Goncharov Linkedin.com) pub/alexey-goncharov/70/3b5/3b8)

Alexey’s parents are the geologists Gennady Goncharov and
Svetlana Askoldovna Chirwa. During his school years Alexey
already accompanied his father on geological expeditions to vari-
ous remote areas of the USSR. Their house was frequently visited
by prominent geologists, such as the stratigrapher and paleontolo-
gist M.S. Mesezhnikov, the petroleum geologist N.G. Chochia, the
tectonician A.N. Hramov, etc. Alexey choose to study geophysics,
which brought him to the Geophysical Department of the Lenin-
grad Mining Institute after G.V. Plehanov, from which he graduat-
ed with honors in 1980, majoring in “Structural geophysics.”
Alexey taught and was engaged in research on deep seismic
sounding at the Department of Geophysics of the Leningrad Mi-
ning Institute. In 1989 he presented his thesis on “A seismic model
of the mantle transition zone of the lower crust of the Baltic
Shield”. In 1986—1987 he participated in seismic expeditions of
the USSR Academy of Sciences in Iceland.

In 1993 Alexey Goncharov was at the University of Wyoming
(USA) on a joint Russian-American project on seismic crustal
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drilling in the Kola super-deep well area. In 1994 he moved to
Australia, hired in the Australian Geological Survey, subsequent-
ly Geoscience of Australia, Cambera Area. At the moment he is
Principal Research Scientist, Innovation and Specialist Services
Group, Energy Division. A.G. Goncharov is mainly engaged in
deep crustal studies of the structure and foundation of Autralia’s
crust. Part of this project included pioneering research on factors
regulating the sublimation of hydrocarbons, whose results are now
widely used by oil and gas companies. Goncharov is author and
co-author of 50 scientific articles and abstracts of scientific con-
ferences. He also participates in Russian joint projects on geo-
physical studies of the Antarctica continental margins, in relation
with the Institute of Geophysics of the Ukrainian Academy of
Sciences. He also maintains contacts with Russian oil and gas
companies, attracting them to work in Australia and gain access to
Australian high technology in geology and geophysics.

23. PauL P. GOUDKOFF (*1881, Yenisei Province, Russian Empire
- 11955, Los Angeles, USA), geologist, paleontologist, petrogra-
pher, mineralogist, Ph.D., Professor. Emigrated after the October
Revolution — first generation.

P.Goudkoff (VinichenkoP., 2008)

Paul’s father was Paul Kozmich Goudkoff (¥*1850 — 11908)
(BERDNIKOV L.P. 1995), merchant and lord- mayor of the town of
Krasnoyarsk. Paul Kozmich was born in Samara province. He was
employed as a mechanic in St. Petersburg, and in 1871 he was
hired in the Udereysky gold mine in the South Enisei taiga. Paul
grew up among the miners and became interested in geology. He
was graduated in 1907 from the St. Petersburg Institute of Mines.
His ph.D. thesis was on the copper deposits of Akmolinsk, with a
dissertation on the volcanic rocks of Turkestan. At the invitation
of Professor V.A. Obruchev, he started as a senior laboratory assis-
tant in the Mining Branch of the Tomsk Technological Institute. In
1914, he was a professor in the Department of Geology of that
institute. From 1917, as a researcher and professor of geology and
petrography of the University of Vladivostok, he taught and guid-
ed the exploration for gold and iron deposits in Siberia, Altai and
Mongolia (FALK A.U. 1996, 2001). “P.P. Goudkoff was a cheerful
and charming man who quickly got on with people. He was loved
by his students, friends and colleagues for his intelligence, sociable
nature and humor” (VINNYCHENKO P.Y. 2008). In 1914 he published
the monograph “Turkestan”. In 1919 he headed the Department of
Trade and Industry of the West Siberian Department of the Provisio-
nal (White Russian) Government of Autonomous Siberia in Tomsk.
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In 1921, P.P. Goudkoff led a delegation to Washington, sent by
the Vladivostok Chamber of Commerce, and remained in the
United States, not daring to return to Soviet Russia because of his
participation to activities of the Provisional Government. He be-
came one of the leading petroleum geologists in this country, was
a member of five academies of sciences and scientific societies.
Goudkoff was for many years the chief consultant for oil of lead-
ing oil companies in the U.S. and Mexico.

In 1922 he became a member of the American Geographical
Society, went to New York with his wife and daughter, where he
taught courses in Siberian geology and mining at Columbia Univer-
sity. In March 1923, P.P. Goudkoff came to California and engaged
in studies of the geology and petroleum potential of San Joaquim
Valley. Three years later he opened his own consulting office in Los
Angeles, specializing in the study of the microfauna and stratigra-
phy of the Upper Cretaceous, including that of the Great Valley in
California, preparing the groundwork for oil drilling. In 1942 he
edited and published data on Costa Rica. He was one of the found-
ers of the Society for Economic Paleontology and Mineralogy. In
1951, his firm joined the Hughes firm and became “Goudkoff and
Hughes”, where he worked as a consultant until his death. P.P. Goud-
koff is the author of about 20 scientific papers mainly published in
the Bulletin of the American Association of Petroleum Geologists
(AAPQG), including the mineralogy and geology of the USSR.

From America he maintained a permanent correspondence
with the academician V.A. Obruchev, the only one who ventured
to write to him. He died during an operation which was considered
non-hazardous.

24. SERGUEI GOUSSEV (*?1951, Russia), geophysicist, petroleum
geologist. Emigrated after WW II. Texas.

S.Goussev (Internet: yatedo.com)

Sergey Gusev graduated in geology and geophysics from the
Moscow State University in 1974 and was engaged in Russian
geophysics for more than 20 years. During the 1996 to 2006 peri-
od he was engaged as a geophysicist in the Geophysical Research
Corporation and Development (GEDCO) in Calgary, Alberta
(CDN). His activities included the collection, processing and
interpretation of data from extensive seismic surveys, geology,
remote sensing. Since 2006 he is a consultant senior geophysicist

for gravity and magnetism at Fugro Gravity & Magnetic Services
in Houston (USA), notably employed in developing geophysical
methods for studies of the Mackenzie River delta. At the same
time he develops his own service system for petroleum geology.

S.A. Gusev is a member of the Association of Professional
Engineers, Geologists and Geophysicists of Alberta (APEGGA),
the Society of Exploration Geophysicists (SEG), the American
Association of Petroleum Geologists (AAPG), the Houston Geo-
logical Society (HGS). He is the author of proprietary technical
inventions (2002, 2004), the author or co-author of 16 publica-
tions and public appearances related to the magneto-gravitational
interpretation of data. In 1997, he developed the technique of data
processing known as a “Goussev filtering”.

25. EUGENE DE HAUTEPICK captain / Kanuran EBrEnuii X. JE
Otk (* 1880 or 1886 Russian Empire — fafter 1929, Adelaide,
Australia), geologist.

Captain E. de Hautpick (D. Branagan, 2008)

Eugene de Hautepick descended from a noble French family
who left France to settle in Russia. His birth date is uncertain:
1880 (Branagan, 2006) or 1886 (Vallance, 1995). Eugene studied
at the School of Military Engineering in Petrograd and published
articles on oil, radioactive elements and gold in Siberia and Mon-
golia (1910-1913). In the period 1914-1916 de Hautepick was an
officer in the 8th Army under General Brusilov in Galicia and
Romania, where his regiment occupied the Romanian oil wells.
He then lived in Odessa in 1920 and left for a year and a half in
Constantinople. Records show that he studied at Columbia College
in New York and at the Ohio University and subsequently worked
in the oil fields of Pennsylvania, Virginia and Ohio (USA). He was
a correspondent for the Mining Journal in the UK, where he pub-
lished several articles on the economic geology of radium. On the
recommendation of the Mining Journal in London, the publisher
E.B. Scott prompted de Hautepick to go to Australia where there
was a demand for oil specialists. In Tasmania, he was warmly wel-
comed by officials and politicians, but unfortunately not by local
geologists. He wrote several articles on the origin of Tasmanian
oil, but his colleagues accused him of plagiarism. Eugene de Ha-
utepick (BRANAGAN D. 2006; TCHOUMATCHENCO P. et al. 2014)
then turned his attention to the Coorong in South-Eastern Austra-
lia, where many oil fields had been discovered. De Hautepick
guessed that the origin of the oil was to be found in the highly
developed peat swamp areas and made drilling recommendations



with this intention, subsequently moving to Western Australia. In
19221924, he synthetized his work and prepared a general map
of petroleum deposits in Australia and then left the country, set-
tling in Paris in 1925. On May 1st 1926 he explained his theory
about the influence of microorganisms in the genesis of oil at the
French Geological Society. At that time, the geophysical methods
are widely used in mining and oil exploration. E. de Hautepick
returned to Adelaide in 1927 to present a new radiometric method
for the detection of metals and oil (1928, 1929). Captain Eugene
H. de Hautepick was one of the most eminent geologists of his
time. He is the author of over 50 scientific articles.

26. LOUIS HUSAKOV / LOUIS HOUSSAKOFF (*1897, Kiev,
Russian Empire — 11965 New York USA), geologist, paleontolo-
gist, paleozoologist. Emigrated before the October 1917
Revolution. New York State.

Louis Husakov was born in Russia in 1889. He arrived in the
U.S., possibly with his mother, one year after his father had mo-
ved, becoming an American citizen in 1906.

In 1912 his name is mentioned in the list of employees and
graduates of Columbia University, King’s College. There also is
mention of him in the US Army archives, doing service during
WW I (1917-18) and WW II (1942).

Louis Husakov lived and worked in Canada and the U.S.,
notably including the American Museum of Natural History in
New York. He studied the fossil fish of Japan and North America
(Arthrodira, Dipnoi, Cretaceous Chimeroides, and others), also
studied the special instances of modern fish, for which he accom-
panied the fishermen when fishing. He published his collections
from Canada, Syria, Congo, West Indies, Japan and America. He
was in correspondence with the famous Russian academician A.P.
Karpinsky (writing in 1912).

27. VLADIMIR G. INGERMAN (*1940, Essentuki, Stavropol region,
Russia), geophysicist, petrophysicist, PhD., Dr. Sc. Emigrated
after WWIL

V. Ingerman (Familial archives)

Vladimir graduated in 1961 from the Grozny Petroleum Insti-
tute as a geophysicist. In 1962 he headed geophysical expeditions
in South Tajikistan. He presented his Ph.D. thesis in VNIIGAZ on
the development of oil fields. Later he received the degree of Do-
ctor of Technical Sciences at the Institute of Petrochemical and
Gas Industry in Moscow (computerized log interpretation).
Between 1969 and 1990, Vladimir worked in Tyumen at various
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positions from the head of the laboratory SibNIINP to Vice Presi-
dent Zapsibneftegeofiziki.

In 1990 V.G Ingerman was invited by the firm Halliburton and
his family moved to the United States. This was the first contract
between the employee of Minnefteprom and the American firm. In
1994 he organized and led the corporation AMROS (America
Russia) to facilitate the implementation of business between the
two countries’ oil companies. At the present day he is the owner
and manager of AMROS. Vladimir has extensive international
experience in evaluation of carbonate reservoirs of hydrocarbons
and non-traditional interpretation of well logs: in all areas from
the research to their implementation, he worked in Tajikistan,
Russia, India, USA, Mexico, Venezuela and Denmark. He current-
ly lives and works in the United States and has published more
than 47 scientific publications (books and articles). In his spare
time, Vladimir enjoys playing tennis and music. Friends describe
him as an outgoing, congenial and friendly person.

28. CRISTINE MARY JANIS (*1950, London, UK), palaeobiologist,
zoologist, paleontologist Ph.D., Professor of biology, widow of
the late American paleontologist of Russian-Polish origin Jack
John Sepkoski. Third generation emigrant before the October Re-
volution. Massachusetts.

Christine Mary Janis with J.J. Sepkoski (Personal archives)

Cristine Mary’s great grand-father, Jacob Koslovski, a Polish
Jew, immigrated to England in the late 19th century with his fam-
ily. They adopted the name Jacobs, and later Janis (personal letter,
2012), in memory of the two theater actresses of the family. Her
grandmother’s family is a mix of Russians, Germans and Lithua-
nians. Her mother came to England from Estonia in 1938. During
her childhood Cristine Mary was fascinated by zoology and it was
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clear for her that she would follow that way in the future. She
graduated from Cambridge University, UK, then majored in verte-
brate paleontology and in 1979 received a doctorate in Paleobio-
logy at Harvard University.

Since 1989 C.M. Janis worked as a biology professor at Brown
University, Providence, USA. C.M. Janis was married to the late
Jack Sepkoski with whom she worked for many years. As a biologist
and paleontologist, her interests lie in the ecology, morphology and
evolution of the Eurasian large mammals from the past 25 million
years, essentially specializing in large herbivorous hoofed mammals,
drawing comparisons with United States mammals of the same
epoch. She also was interrested in the evolution of the North
American fauna from the Miocene savanna. This allowed her to
track changes in communities over time, thus provinding informa-
tion on the rate and mode of climatic and environmental changes.

C.M. Janis also edits the scholarly works of other authors. She
was awarded the George Gaylord Simpson on paleontology and
Elizabeth H. Leduc Award for outstanding achievements in teach-
ing biology. She also is a member of many scientific societies, has
published more than one hundred scientific papers. Cristine Mary
Janis has dual citizenship, from the U.S. and UK.

29. WENCESLAS S. JARDETZKY (*1896, Odessa, Russian Empire —
11962, Elkins, USA) - astronomer, geophysicist , Ph.D., Profes-
sor. Emigrated after the October Revolution and the Civil War —
first generation. New York.

Wenceslas’ father, Sigismund Viktorovich Jardetsky was of a
noble Polish family and his mother Maria, née Kudryavtseva was
of Russian origin (ERMOLAEVA N. 1986; JARDETZKY O. 1986). In
his youth, Wenceslas was fond of music and mathematics, giving
preference to the latter for bread-earninig. In 1917 he graduated
from the Physics and Mathematics Faculty of Novorossiysk
University in Odessa, then, went to Petrograd, where he was hired
as an assistant at the Pulkovo Observatory. His first scientific
work was devoted to the spectrum of the star Vega.

In 1918-1920, while on vacation in Odessa, and suddenly find-
ing himself in the territory of the White Army, Wenceslas Sigi-
zmundovich took this opportunity to immigrate to Yugoslavia.
There he lived in Belgrade, working under the guidance of Profes-
sor Milutin Milankovitch, on theoretical and celestial mechanics
and theoretical physics. Wenceslas was the secretary of the Rus-
sian Research Institute in Belgrade. Becoming a doctor in 1923,
he worked from 1926 as associate professor, and later as a Profes-
sor in Belgrade University (1929). In 1933, he published in Bel-
grade his book “Hydromechanics”, followed in 1935 by the
monograph “Mathematical studies of the evolution of the Earth”
and in 1940, “Theoretical Physics”. After WW II Jardetsky moved
to Graz in Austria, where from 1946 to 1947 he acted as Director
of the Institute of Physics and Astronomy, and in 1947-1949 - lec-
tured in Geophysics at the High Technical School in Graz.

In 1949 he moved in the United States with his family, living
in New York and doing research at the Lamont - Doherty oceano-
graphical and geological Observatory at Columbia University, stu-
dying the propagation of seismic waves in the Earth’s crust
(EWING M. et al. 1957). From 1951, he has also lectured on
mechanics at the Manhattan College. Wenceslas spent much ener-
gy in the drafting of scientific journals, which he carried on after
retirement, spending the last years of his life in translating Soviet

journals for the American Geophysical Union and on a project for
closer international relationships in the field of geological sci-
ences.

In his spare time, Wenceslas fond of fencing and football and was
a good chess player. In 1927 he married Tatiana Taranovsky, daugh-
ter of Professor F. Taranovsky, an historian of Slavic law, who had
emigrated from Russia and was working at Belgrade University.

30. ANGELA S. JAYKO (*?1953, USA?), geologist, tectonician,
Ph.D. Emigrated after the October Revolution and the Civil War —
third generation. California.

A. Jayko (Internet:hgy.cdut.edu.cn)

In 1974-1976 Angela Jayko studied at Humboldt State Uni-
versity in Santa Cruz California, where she received a bachelor’s
degree and Ph.D. doctoral degree. She is employed at the US Geo-
logical Survey, UC White Mountain Reasearch Station, Cali-
fornia, and a lecturer at Virginia University, Wellington, New
Zealand. A. Jayko concentrates on the effect of regional tectonics
on the sedimentation processes and the geographical landscapes
(geomorphological processes), over short or for long timescales.
She produces maps of tectonically active regions and volcanical-
ly active fault zones. In addition, she is engaged in establishing
links between tectonics and the ground/geothermal waters and
other geomorphologic systems, being also very active in environ-
mental problems. A. Jayko participated in joint projects on tecton-
ically active regions in China. In 2006 she was accepted as a
member of the Geological Society of America, GSA, and is author
of about a dozen scientific articles.

31. GEORGE P. KANAKOFF (*1897, Simferopol, Russian Empire —
1973, Los Angeles, USA), paleontologist. Emigrated after the
October Revolution and the Civil War — first generation. California.

George Kanakoff descends from a Russian - Tatar family. In
1914 he graduated from Emperor Paul 1t Military Academy in St.
Petersburg. In 1915, he specializes in Middle Eastern languages at
Kharkov University’s Historical-Philological Faculty. During
WWI and the Civil War, he was an artillery officer and pilot,
escaping from Russia through Turkey in November 1920. Three
years later, 26-year-old George arrived from Constantinople to
Ellis Island, moving in 1929 to Los Angeles (USA) working as an
unskilled laborer.

In the 1950s George Kanakoff studied Cenozoic invertebrate
paleontology, publishing in the journal of the Academy of Sci-
ences of Southern California and the Natural History Museum of



G. Kanakoff (Internet: torranceca.gov )

Los Angeles (1953-59). At 1955, in spite of his lack of speciali-
zed education, he became the curator of invertebrate paleontology
at the Los Angeles National Museum, traveling tirelessly in the
field, collecting and augmenting the museum’s collection. After
retiring in 1966, George Kanakoff (Wilson, 1973) continued to
investigate Pleistocene marine life in Southern California. He
spoke ten languages and worked as a translator in the State De-
partment. For many years he taught foreign languages, demon-
strated superb examples of Russian calligraphy, elevating it to the
level of art. He has written numerous articles in the field of philol-
ogy, military affairs, zoology and paleontology. Until the last days
of his life he published in a Russian magazine, helped the poor,
kept an interest in theater, culture and science

32. VitaLy KHALTURIN (¥1928, Russia — 12007, Palo Alto, CA,
USA), seismologist, PhD., spouse Tatyana Glebovna Rautian.
Emigrated after WW II. California, New York State.

Vitaly Khalturin, a seismologist of worldwide reputation, was,
in the opinion of his colleagues, a wonderful companion, a cheer-
ful and kind person. Vitaly , graduating in 1951 from the Physics
Department of Leningrad State University in Geophysics, worked
at the Geophysical Institute of the Academy of Sciences of the
USSR until 1992, managing the Garm geophysical station in the
village of Garm, Tajikistan, also preparing national senior seis-
mologists.

After moving to the U.S. in 1993, Vitaly Khalturin and his wife
entered the Lamont-Doherty Obervatory (Columbia University)
with prof. Paul Richards, to study the seismicity of weak under-
ground nuclear explosions, which had not been previously discov-
ered and were unknown to Western seismologists. Vitaly Khal-
turin himself said: “Paul looked with amazement as Tanya, using
a rope loop and a stick (because such large compasses did not
exist) defined the epicenter at two stations, without a computer!
When after a few years’ studies, weak explosions epicenters were
located, it turned out that her miss was of no more than 1 km, at a
distance of 700 km. Paul was just shocked”. Vitaly Khalturin and
his spouse then went to the University of California at Berkeley
and staged scientific work-shops, signed temporary, often inter-
rupted contracts on translations and consultations. In the last years
of his life Vitaly carried-on research, collaborating with American
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seismologists from Lamont Observatory until 2005. To the Global
seismological community, he is known for his research on the
seismic records of nuclear explosions, defining the characteristics
of the wave patterns at various epicentral distances, assessing
explosions’s energy and earthquakes.

33. ErvAND GEVORD KOGBETLIANTZ (*1888 Nakhichevan-on-
Don, Russian Empire — 1974, Paris), mathematician, geophysi-
cist, Doctor in Physical and Mathematical Sciences, Professor.

=

E. Kogbetlianz (1944) (Internet: Wikisysop2007, ru.hayazg.info)

Ervand Gevorgovitch Kogbetlyantz was a famous math teacher
who worked in Europe, Asia and America. Geophysics was his
second passion, by which he left his mark with the invention of
the gravimeter, patented in the late 1920s. He was a cousin of the
famous poet Marietta Chahinian. Ervand was the son of the mer-
chant Gevorg Melkonyanovitch Kogbetlyantz and Aegina Akov-
byan, both of Armenian Gregorian religion. He began his studies
at the Faculty of Mathematics at Paris in 1906 (MNOUCHINE L. et
al. 2008; TCHOUMATCHENCO P. et al. 2014), then he returned to
Russia where he settled with his aunt in Moscow. He graduated
from the Faculty of Physics and Mathematics at Moscow State
University and became assistant professor in 1915. In February
1911, when a student, he presented a request for marriage (stu-
dents were not allowed to have a family), which was granted. In
1917, in search of work, he went to Ekaterinodar (Krasnodar) in
the Kuban, and taught at the University. In 1920, pushed by the
Civil War troubles in Ekaterinodar, he moved to Armenia with a
professorship at the University of Yerevan. In Yerevan, Ervand
Gevorgovitch was caught again by the riots and moved to Paris,
engaged in teaching mathematics at the University of the Russian
People and the Sorbonne. In 1923 he received the degree of Doc-
tor of Science at Paris University and subsequently developed an
interest in geophysics (1930). In 1933 he taught for six years at the
University of Tehran, receiving the Order of Iran “For merits in
the field of Science”. After a short stay in Paris at the CNRS, he
left for the United States in 1941 as a professor at the New School
for Social Research in New York, being also involved with other
universities: Lehigh University in Pennsylvania, Rockefeller and
Columbia in New York. In 1945-1946 he was a consultant in geo-
physics at Standard Oil. Upon retirement in 1968 he returned to
France. E.G. Kogbetlyantz extensively published in mathematics
and geophysics. He also invented (1918) the three-dimensional
chessboard, consisting of six superimposed chessboard levels
each containing 88 squares. In this game, the pieces can be moved
in both horizontal and vertical directions.
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34. ALEXANDER N. KRrOT (*¥1959, Russia), geologist, cosmoche-
mist, research professor). Emigrated after WW II. Hawaii.

A. Krot (Internet:psrd.hawaii.edu)

Alexander graduated from Moscow State University. At present
he is a researcher at the Hawaii Institute of Geophysics and
Planetology at Manoa (Hawaii, USA). He is one of the greatests
specialists of meteorites. From their chemical composition, he
tracks the origin of the solar system. He contributed to disproove
that the Antarctica meteorite ALH 84001, presumably originated
from Mars, contained traces of life, contrary to the hypothesis. In it,
he found a new 4.5 Gy old mineral which was named after him, the
Krotite. Alexander Krot published more than 120 research papers.

35. IvaN KULAEV (*1857, Krasnoyarsk, Russian Empire — 11941,
San Francisco, USA), gold mines owner, metallurgist, builder,
merchant and financier. Emigrated after the October Revolution
and the Civil War — first generation. California

1. Kulaev (Internet:kraevushka.livejourn)

Ivan Kulaev (KULAEV 1. 1999; Borsov N. 1947) was the son of
a peasant - entrepreneur who was exiled to Siberian penal servi-
tude. At age 16, Ivan started establishing commercial enterprises,
becoming a second guild merchant, one of the founders of the
Novonikolayevsk-based “Altai factory and industrial company”,
also founder of the “Russian flour partnership” based in Harbin.
Ivan immigrated to China, where he developed charitable activi-
ties in Harbin and Shanghai, as well as in Europe and the U.S.,
providing generous assistance to Russian immigrant students. In
1930 he founded in San Francisco (CA), where he lived for more
than 20 years, the “Kulaev Awareness Charitable Foundation”,

1. Kulaev and spouse (Internet:museum.nsk.ru)

still active to this day. He invested $ 250,000 to help funding the
Krasnoyarsk University, after the fall of Bolshevism. In 1998, this
fund presented the State Scientific Library of the Krasnoyarsk
region with about 1,000 books authored by Russian emigrants.
Kulaev’s fund also supports elderly Russian immigrants abroad,
as in Bulgaria for Christmas and Easter, when the fund money is
spent on food brought to elderly Russian, also including Russian
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The book of I. Kulaev (Internet:bookefinder.su

nuns in the Sofia monastery, so they feel remembered and taken
care of. I.V. Kulaev published a book describing part of his life in
bold pursuit of happiness in the Russian tundra mines, how one day
he sunk under the Yenisei ice, how he survived the so-called



Chinese “Boxer Rebellion”, his memories of the Russian-Japanese
War, WWI, the revolution, the nationalization of private property,
the kidnapping of gangsters ... “As for America ... I can only be
happy for our Russian immigrants there. Fate has thrown them into
this blessed, sister country were the same Russian spirit prevails,
with a feeling of spaciousness and illimited freedom of undertaking.
You can adapt to any choice, anywhere, all sectors of activity are
open to you. You can grab everything from life that you manage to
take. True, the competition is hard, as it used to be in the old days’
Russia. A lot of Russians ... in America, and so many figures that
created their enterprise with their skills. Many examples of this
exist. Former Professor at the Tomsk Technological Institute, Paul
Goudkoff opened an office for chemical exploring of oil rocks in the
City of Los Angeles, at the center of American oil fields. He worked
for several years with two Russian engineers, helping the small
American oil owners” (KULAEV 1.V. 1999).

36. DimiTRl PAuL KRYNINE (*1877, the Russian Empire — 17
1967-70, USA), engineer, petrographer. Emigrated after the Octo-
ber Revolution.

D. Krynine and son (Big Spring Daily Herald” 1931)

Dimitri Paul Krynine worked as an engineer in the building of
the Trans-Siberian railway. In 1909 his family (BATES T. & GRIF-
FITS J. 1971; FoLk R. & FERM J. 1966), including the young son
Paul, traveled to Buenos Aires, where he participated in the con-
struction of railways. In 1917 the family Krynine returned to Rus-
sia. Around 1931 Dimitry Krynine (with his son but without his
wife) again left Soviet Russia, this time for the United States, in
order to teach the mechanics of the Earth at Yale University. His
wife Raisa Krynine, the mother of Paul, was only allowed to
receive financial help until her death in 1940, but not to join her
husband and son. The further life of Dimitri Krynine is closely
associated with the life of his son Paul.

37. PauL DimiTRI KRYNINE (*1902, Krasnoyarsk, Russian Empire
— 11964, Pennsylvania, USA), mineralogist, petrographer, PhD.,
professor, son of Dimitri Krynine. Emigrated after the October
1917 Revolution.

In 1924, Paul Krynine graduated from the Geological Faculty
of Moscow State University and thereafter emigrated to the U.S.
(Bates T. & GRIFFITS J., 1971; FoLK R. & FERM J. 1966), where
in 1927 he graduated from the Faculty of Geology of the Uni-
versity of California. With the “Standart Oil Company of Cali-
fornia” he did field work in the tropical jungles of Mexico until
1931. After arriving in the United States Dimitri and Paul, father
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P.D. Krynine (The American Mineralogist, vol. 56, 1971)

and son together, were engaged in the petrological study of sedi-
mentary rocks, and together with the mineralogist Adolf Knopf,
their mineralogy. In 1936 Paul presented his thesis at Yale Univer-
sity. In 1937, he was appointed professor of geology, head of the
Department of Mineralogy at the University of Pennsylvania. As
aresult of his studies of graywacke, dolomite, limestone and sand-
stone, he brought forth the so-called “Krynine Classification”
(KRYNINE P. 1940-1946), which, together with F.J. Pettijohn’s
work, (1948) was instrumental in establishing the modern classi-
fication of sedimentary rocks.

Paul Krynine was an outstanding researcher, involved in sedi-
mentology, petroleum geology, structural and Quaternary Geolo-
gy, and in formulating his new theory on the formation of oil traps.
His research topics include the geosynclinal sedimentation cycles,
the relations between diastrophism and sedimentation in connec-
tion with the origin of red rocks. He devoted the last years of his
life to the philosophy of science, dealing with the history of geol-
ogy and of scientific methods in geology. In addition, he was also
interested in mathematic geology, Greek philosophy, and spoke
several languages. Paul Krynine was an excellent teacher, espe-
cially appreciated for his polemical discussions with students and
colleagues, and the author of over 75 scientific papers.

38. JouN A. LEMISH (*1921, Roma, NY, USA — 11998 Eymes,
USA), geologist, Ph.D., professor and professor emeritus. Emi-
grated after the October Revolution and the Civil War —second
generation. Utah, lowa, Michigan

J. Lemish (R. Anderson, D. Bunker, 1998)
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John Lemish was born close to New York city in an U.S.- expa-
triated peasant family from Russia. His parents were Adam
Lemish (¥*1878 — 11957) and Anastasia Lemish (née Kisilevich /?
Kisileva). During the years 1943—1945, J. Lemish served in the
US Airforce in a B-17 bomber, participating in 29 combat mis-
sions over Germany; as a veteran of the war, he was awarded the
“Air Medal with Oak Leaves”.

Back from the US Airforce in 1945, John graduated as a geolo-
gist from the University of Michigan (BACHELOR 1947; MASTER
1948; LEmisH J. 1974; ANDERSON R. & BUNKER D. 1998; RAYMOND
R. 1998). In 1955 he presented his PhD thesis on the geology of
mineral deposits (Economic Geology). John then worked for three
summers as an instructor at the University of Michigan, and along
with the U.S. Geological Survey geologists in Utah. In 1955-1959
he was an assistant professor at lowa State University, majoring in
economic and structural geology and geochemistry, becoming asso-
ciate professor, and since 1962, professor of geology at the lowa
State University in Ames. In 1960, John and his wife Jane Lemish
also graduated from the University of Michigan and wrote the book
“Jeff Carson, young geologist” (LEMISH J. & J. 1960) as a hymn to
geology, describing a fictional “hero” of geology.

J. Lemish delt with coal basins, economic geology, sedimenta-
ry geology (DieBoLD F., LEmisH J. & HiLtroP C. 1963), oceano-
graphy, paleontology, optical mineralogy, structural geology, engi-
neering geology and petrology. In 1991, when he retired, he was
awarded the title of “professor emeritus”. John Lemish often con-
ducted field trips with students and colleagues from the Geolo-
gical Society of lowa, during which repeatedly emerged scientific
discussions (DieBOLD F., LEMIsH J. & HiLTrOP C. 1963).

John Lemish is author of about 20 articles in geological jour-
nals. He was a member of the Minerals Council of the Governor
of Towa, a senior member of the American Geological Society
(USGS), a member of the Society of Economic Geologists, Ame-
rican Association of Petroleum Geologists (AAPG), the American
Institute of Mining Engineers, chairman of the Committee on
transfers at the American Geological Institute, was a member of
the Russian Academic group (RAG) in the United States. John
Lemish died from complications of Parkinson’s disease at age 77.

39. VADIM LEVIN (*1966, Moscow, Russia), geophysicist, seis-
mologist, volcanologist, Ph.D., associate professor. Emigrated
after WWIL

V. Levin (Familial archives)

Vadim Levin graduated in 1988 from the Moscow Institute of
Petrochemical and Gas Industry, colloquially called “Kerosina”

by the students. He received an engineer - geophysicist degree,
specializing in seismic methods for prospecting and exploring
minerals deposits.

In 1988 Vadim emigrated to the U.S. and the following he was
hired as a laboratory assistant at the Department of Seismologic
Research in the Lamont-Doherty Geological Observatory at Co-
lumbia University in New York. In 1990 he was a graduate student
at the Department of Geological Sciences at Columbia University,
where in 1996 he received his Ph.D. in seismology. He was
awarded the annual Bruce Heezen Prize for his postgraduate work
at Columbia University. After spending seven years at the Faculty
of Geology and Geophysics at Yale University, Vadim became an
assistant, then an associate professor in the Department of Earth
and Planetary Sciences at Rutgers University.

His research interests cover geodynamics, structure formation
in the lithosphere, seismology, earthquakes and volcanoes. He
often participated in, or processed material from expeditions in
many regions of the world, including Iceland, Alaska, the Arctic,
Kamchatka, the Northern Apennines, Costa Rica, the Arabian
Peninsula and Western Tibet. In collaboration with scientists from
around the world, including Kamchatka geologists, he participat-
ed in more than 50 publications on the origin and evolution of the
continents , plate tectonics and the dynamics of the upper mantle,
seismological research methods pertaining to tectonic structures
and textures of the Earth, and other related topics.

40. MARK G. LEYBSON (*1929, Baku, Azerbaijan), geologist, PhD,
DSc. Emigrated after WW II. Maryland.

M. Leybson (Personal Archives)

As a child, Mark Leybson was fond of music and learned to
play the violin. But who lives in Baku, knows how the oil produc-
tion dominates over all. This played a role in the fate of Mark. As
he says, his professionnal choices were influenced by the proximi-
ty of oilfields, the desire to acceed to higher education and an inter-
est in overcoming difficulties. Upon completion of college, he stud-
ied at the Industrial Institute in Baku, and then transferred to the
Grozny Oil Institute, where he received his Mining Engineer for
exploration and development of oil and gas deposits diploma in
1954 with honors. He started his professional activities at the
department of theoretical mechanics and underground hydraulics.

In 1957, Mark was invited by the Sakhalin economic council
to work in the Sakhaline oil industry and in the Sahalinneft asso-
ciation Central Research Laboratory. He was involved in the
physico-chemical properties of oil and reservoirs in Sakhalin,
drafting development projects. On these issues he made his first



publication. In 1960, Mark was elected as a candidate to the post
of senior researcher in the Leningrad Petroleum Institute (VNI-
GRI), where he was appointed head of the oil and gas resources
sectorf. Here he presented his candidate (PhD) and doctoral
(DSC) dissertations. In 1988 and 1989 M. Leybson participated in
scientific conferences in Pshebram in Czechoslovakia, and in
1990 went on a business trip to Norway to share geological mate-
rials. He has published independently and in collaboration 3 mo-
nographs and more than 100 scientific articles. Mark Leybson’s
son and daughter went to the U.S. in the late 80s. This to some
extent influenced his decision to move to the US, were in 1992 he
took permanent residence in Rockville, Maryland. Despite his
age, he first went to college to study the English language, com-
puter science and other subjects. Around 1995 through friends he
met with one of the employees of the CERA Company (Cambrige
Energy Research Associates). This company was newly estab-
lished (early 90s) by such major corporations as ExxonMobil,
Shevron and Shell, and started business cooperations with Russian
oil and gas companies. CERA was attracted to investing by the
prospects of the Russian oil and gas industry. As described by
Mark: “T felt quite competent in these matters. Periodically, I
advised on petroleum geology and on oil and gas production in
Russia.... To me personally this was quite interesting, although it
was performed on informal and commercial terms”. He collected
information on the Internet and printed publications, used to con-
sult their extensive knowledge and experience in this area. He had
to terminate his participation to this project in 2009, due to age
and state of health.

41. LEONID BORISSOVICH LISTENGARTEN (*1935, Baku, Azerbaijan),
petroleum geologist, PhD, DSc.Emigrated after WW II. Louisiana.

L.B. Listengarten (Personal archives)

Leonid grew up in the highly educated, cultured family of DSc.
Professor Boris Moiseevich Listengarten (*1906 — 11982) and the
historian Esphira Lvovna (born Belen’kaya) (* 1909 — 1+1998). His
father was a petroleum geologist in Azerbaijan. In 1957, Leonid
graduated from the Azerbaijan Industrial Institute with a degree in
hydrogeology. In 1964 he presented his PhD thesis, and in 1988 in
Moscow (VNIIGAZ), his doctoral thesis on “Methods of exploita-
tion of deep water oil, gas and condensate fields”. In the USSR,
L.B. Listengarten was head of the Oil Laboratory for offshore
fields in Baku, and from 1980 to 1992 was head of the department
for the development of oil, gas and gas condensate fields at the
“Gipromorneftegaz” institute. He oversaw the development proj-
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L. Listengarten - International Master of Chess (Personal archives)

ects of the Caspian Sea Deepwater Guneshli, Chirag and Azeri oil
fields. These projects formed the basis for the International
Consortium of the Azerbaijan Oil with foreign leadership. Thanks
to his contribution, the current annual oil production in Azerbaijan
rose to almost 60 million tons. From 1992 to 1994 L.B. Listen-
garten went to Vietnam as head of the Department of development
in the joint Russian-Vietnamese Institute “Vietsofpetro”. There he
supervised the “The White Tiger” oil field development project
located in the South China Sea. He moved to the United States in
1996 due to the ethnic conflict between Azerbaijan and Armenia
and Russia’s position in this conflict. L.B. Listengarten worked in
U.S. oil companies: Petro Energy International, LLC (1997-1999),
the NEOppg Corp. Corporation (1999-2000). He mainly engaged
in consolidation in case of purchase of the companies, and also in
new and improved methods of oil drilling in gas fields. He co-
authored several publications in the United States on his results. He
participated in a team of specialists for special types of wells in the
Gulf of Mexico (Louisiana), Mexico and Venezuela. In Scotland, he
also presented a new device to be released in North Sea wells. L.B.
Listengarten has over 100 publications in various Russian and inter-
national Journals, including books, inventors’ certificates and
patents. His passion for chess endured of course over the years.
Leonid was champion of Azerbaijan, became an International
Master of Chess and participated in many championships.

42. VADIM A. LITINSKY (*1929, Petrozavodsk, Russia), mining en-
gineer and geophysicist, PhD. Emigrated after WW 1I (1979);
Colorado.

V. Litinsky (Personal Archives)

Vadim’s father was Arpad Szabados (*1887 — 11966), a Hun-
garian communist who took an active part in the 1918 Hungarian
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Revolution. He was sentenced to 13 years in Hungary Penitentiary
and in 1922 was exchanged for Hungarian prisoners of war and
thus moved to Russia. He spent five years in the Solovki camp,
after which he worked as an economist in Petrozavodsk, Moscow
and Kazakhstan. After returning to Hungary in 1947, he was a
legal adviser in Soviet-Hungarian companies. Vadim’s mother
was Nina Litynska (*1886 — 11977), an accountant in Petroza-
vodsk. Vadim wanted to be a journalist, but instead became a geo-
physist under the influence of the hydrogeologist Alexander
Alexandrovich Alexin.

In 1953, Vadim Litinsky graduated with honors from the
Geological Department of the Leningrad Mining Institute, major-
ing in “Mining engineer- geophysicist“. He received a Ph.D. de-
gree in 1972 at Moscow State University in the department of
Prof. V.V. Fedynsky. He worked at the Leningrad Research Insti-
tute of Arctic Geology (now Institute of Oceanographic Geology)
for 28 years. Engaged in diamonds exploration in northern Yaku-
tia, for the first time in the world, he used high-precision magnet-
ic survey, kappametry (measurement of magnetic susceptibility)
and metallometry for the exploration and delineation of kimberlite
pipes. In 1963, as the chief engineer of the Polar high-latitude air
expedition he led the airborne gravity and magnetic surveys of the
USSR eastern Arctic seas, established drifting ice bases, conduct-
ed a gravimetric survey of the New Siberian Islands in the Bering
Sea and the Kara Sea. Applying the universal isostatic gravity
reduction instead of the traditional Bouguer reduction, he could
establish the existence of a large 80 km thrust of the Verkhoyansk
Range over the Preverhoyansk foredeep, which greatly increased
the potential reserves of hydrocarbons in the trough.

In 1979, V.A. Litinsky with his wife and 12 year old son emi-
grated to Vienna on an Israeli visa, then in Rome, and in 1980
arrived in New York (USA). Vadim quickly found a job as a sen-
ior geophysicist at EDCON company based in Denver, Colorado,
where for more than six years he performed geological interpreta-
tions of gravimetric and magnetic data at sea, in the U.S., Africa
and Asia, developed calculation techniques for estimating the
depth of magnetized bodies and sedimentary basins from gravity
data. From 1986 until his retirement he worked as a consultant and
translator for an English and two American oil companies in West-
ern Siberia, Kazakhstan and Kyrgyzstan. Vadim Litinsky was a
member of the American Geophysical Union (AGU), American
Association of Petroleum Geologists (AAPG) and the Internatio-
nal Society of Exploration Geophysics (SEG). The results of his
work (over 50 articles) were published in Russian, American and
British journals.

43. Prince NIKITA D. LoBANOV-ROSTOVSKY (*¥1935, Sofia, Bulga-
ria), geologist and economist, honorary Doctor of Arts, Academi-
cian, Maecenas of art. Emigrated after the October Revolution and
the Civil War — second generation. Alaska, Montana.

Nikita Lobanov - Rostovsky descends from Rurik princes,
founder of Ryussia, and is a direct descendant of Yaroslav the
Wise, Vladimir Monomakh, Yuri Dolgoruky, etc. Nikita’s father,
Prince Dmitry Ivanovich Lobanov - Rostovsky (¥1907 — 11948)
was an accountant. His mother was mother Irina Vyrubova (*1911
—11957). His father’s family moved to Bulgaria in order to escape
the terror following the October Revolution in Russia. After grad-
uating from a Bulgarian school in 1953 he succeeded with his

mother to move to France, thence to England. He has a Bache-
lor’s degree in geology, from the University of Oxford, a Master
of Economic Geology from Columbia University in New York
(1962) and a master’s degree in accounting / banking from NYU.

Nikita participated in geological field work in Patagonia and
North America (Alaska, Montana, etc.), and later in Africa and
other countries. He also held senior positions in Banks in America
and England, in combination with geology. From 1964 he pro-
spected for oil in Argentina, mercury deposits in Tunisia and
Alaska, iron in Liberia, nickel in Venezuela, and diamonds in the
Kalahari Desert in South Africa.

Prince Nikita Lobanov-Rostovsky as field geologist in the USA
(Lobanov-Rostovsky, 2010)

In recent years, N.D. Lobanov - Rostovsky participated in the
funding of a position for a lecturer in Organic Chemistry at Ox-
ford’s Christ Church College, in the name of his favorite profes-
sor Paul Kent. He also donated funds for the creation of a Fa-
culty of Planetary Geology at Oxford University, the first lecturer
in Planetary geology being Dr. D. Porcelli. Nikita Lobanov —
Rostovsky is an avid collector of Russian theater and decorative
art from the beginning of the XX century. He posseses a unique
collection of 150 Russian avant-garde artists (about 1,000 pieces),
repeatedly bringing his collection throughout the world exhibi-
tions. He is an Honorary Doctor of the St. Petersburg Academy of
Arts and of the “International Information Academy” accredited
to the UN in Geneva, winner of the prestigious award Ludwig
Nobel, the Russian Government order of Friendship for his contri-
bution to the preservation of historical and cultural values of
Russia. He is a member of numerous scientific and cultural soci-
eties in different countries. Lobanov is the author of numerous
publications on geology as well as banking and Russian art.
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N.D. Lobanov-Rostovsky at Vitosha Mnt., Bulgaria (photo P. Tchoumatchenco)

44. ALEX (ALEXANDER E.) MALAKHOFF (*1940, Moscow, Russia),
geophysicist, oceanographer, volcanologist, tectonician, PhD, Ho-
norary Doctor of Science (DSc. Hon.), Professor. Emigrated after
WW II. Hawaii.

A. Malahoff (Internet: youtoube.com)

After the death of his father during WWII, in 1949 the Malak-
hoff family, consisting in Alexander, a 9 year old boy, his mother,
grandmother and brother emigrated to New Zealand. He studied at
the University of Victoria, earning a mastership in geophysics
(1962), and two years later a PhD in Hawaii (USA). He then
engaged for a long period of time in airborne geophysics in the
Hawaii area, at the University of Hawaii’s Undersea Research La-
boratory. He also engaged in submarine deep diving for underwa-
ter exploration of volcanoes and the unique hot springs ther-
mophilic life. In 2002, he returned to New Zealand as executive
director at the Institute of Geological and Nuclear Sciences. Alex
Malakhoff is an internationally recognized expert in underwater
volcanism, marine engineering geology, tectonics and underwater
mineralogy. He did more than 200 dives, also engaged in scien-
tific vulgarisation with public movies about underwater volcanism
and university teaching. His studies led him to envisage that life
on Earth probably originated around volcanoes, probably under-
water ones, with a constraint on adequate temperature conditions.

Alex Malakhoff is an amazingly educated, courageous and
friendly person, a performing researcher , practitioner, skilled or-
ganizer and author of numerous scientific publications. He is
Honorary Doctor of Science from the University of Victoria and a
recipient of the Moore Medal Award for his achievements in the
field of oceanography, geophysics and marine engineering, mem-

ber and the Royal Geological Society of New Zealand, the Society
of Exploration Geophysics, Geological Society and Geophysical
Union, and many other scientific associations.

45. ILyA MAMANTOV (*1914, Tartu, Estonia (Livonia lips.), Rus-
sian Empire — 11991, Richardson , USA), geophysicist, Dr.,
Professor of Russian and modern history. Emigrated after WW II.
Texas.

Ilya Mamantov was born in a Russian family in Jurev (St.
George, now Tartu), Estonia. When he was seven his family mo-
ved to Latvia. In Riga, he received a geological formation (Necro-
log, 1991). In 1944 Ilya Mamantov was in the flow of refugees
and displaced to a camp in Bavaria (Germany). In 1951 he found
a job as a production scheduler in the Lion Match Company in
New York. A year later, he was engaged as a seismologist and
from 1955 held positions at the Donnally Geophysical Company,
Dallas, and in other American oil companies. In 1965 he also was
a professor of Russian language at the University of Texas.

I. Mamantov is a member of the Society of Exploration
Geophysicists of which was at a time chairman. After retirement
he continued to teach Russian at the Southern Methodist Uni-
versity in Dallas.

46. SERGEY S. MARCHENKO (*? 1960, Russia ) Ph.D., associate
professor. Emigrated after WW II. Alaska.

S. Marchenko (Internet: gi.alaska.edu)
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In 1985, S. Marchenko graduated in theoretical mechanics
engineering at the Institute of Agriculture. He worked for about
four years in the city of Alma-Ata (Kazakhstan), at the same time
attending a course at the Moscow Institute of patent examination.
In 1989 moved to the Yakut Institute of the Permafrost. In 1991,
he received a degree in mathematical modeling of the permafrost
in the Moscow University Geological Faculty. In 1999 he present-
ed his Ph.D. thesis on physical geography with specialization on
“Geocryology and Glaciology” in Moscow. In 2003 S. Marchenko
was invited at the University of Alaska, Fairbanks, in the Geo-
physical Institute for studies on Snow Ice Permafrost where he
currently holds the position of professor-researcher. His activities
in the United States cover the evolution of the hydrogeology and
permafrost of Northern Eurasia and as part of international proj-
ects on permafrost survey. Sergey Marchenko is co- leader of the
Working Group for mapping and modeling of the spacio-temporal
dynamics of the permafrost in mountainous regions at the Interna-
tional Permafrost Association (IPA). He is an expert on “Moun-
tain Permafrost” of Central Asia at the Global Observing system
for the interaction of Climate and Permafrost in the Arctic and
sub-Arctic regions (GCOS). In 2006 he also participated in archa-
eological studies in the Altai for the preservation of Scythian
tombs from the global melting of ice and permafrost. S. Marchen-
ko is a member of the American Geophysical Union (AGU), the
US Permafrost Association and the European Geosciences Union
(EGU). He co-authored abroad a number of papers on the above
subjects.

47. STEPHEN MARSHAK (*1955, Rochester, USA), geologist, tec-
tonician, PhD, Professor. Emigrated before the October Revo-
lution - thirth generation emigrant. Illinois, New York.

Stephen Marshak (Internet:news.illinois.edu)

Stephen’s grand-parents, Harry and Rose Marshak, emigrated to
the U.S. from Minsk (Belarus), fleeing the pogroms. In Minsk, Har-
ry and Rose had lived in the Jewish ghetto and had only received
religious education. Arriving in New York, they could only get sim-
ple jobs: Rose was a seamstress, and Harry seller. During WWII,
Stephen’s father, Robert E. Marshak (*1916 — 11992) was involved
in the Manhattan project and was later a lecturer at the University
of Rochester, New York, Stephen’s city of birth.

In 1976, Stephen Marshak received a bachelor’s degree in
Geology at Cornell University in New York, followed three years
later by a master’s degree in Geology from the University of Ari-
zona in Tucson. Returning to New York, he worked for four years

on a Ph.D. thesis, which he presented at Columbia University.
Since then, S. Marshak teaches at the University of Illinois at
Urbana-Champaign, in 1999 becoming head of the Department of
geology. In parallel, he also taught at the Federal University of
Ouro Preto and at the University of Sao Paulo in Brazil, at the
Geological and Oceanographic Observatory Lamont - Doherty
(New York), the University of Adelaide in Australia and the
University of Leicester in England. His research interests include
Proterozoic tectonics of the Brazilian shield, where he did field
research, Phanerozoic continental tectonics of North America,
structural geology in fold-and-thrust belts. Stephen Marshak is the
author of about 55 scientific articles on regional structural geolo-
gy, author or editor of five textbooks and general public books,
including general geology, the basic methods of structural geolo-
gy, earth structure, tectonics of the planets, that each belong to the
best textbooks in these fields. Marshak has received numerous
awards in recognition of research and teaching activities, includ-
ing a medal from the Australian Journal of Earth Sciences, sever-
al awards for teaching at the University of Illinois. He is an active
member of the Geological Society of America, assistant editor on
geology, a member of the Tectonophysics Editorial Board.

48. DONALD (DON) ARTHUR (ARTUROVICH) MEDVEDEV (*¥1958, the
Livonia, USA), geologist, tectonician, petroleum geologist. Emi-
grated after the October Revolution and the Civil War — thirth ge-
neration emigrant; Texas, Michigan

Don Medvedev (Internet: AAPG. Org)

Donald is a descendant of immigrants from Russia. He was
born in the family of Barbara Medvedeva (*1930) and Arthur Me-
dvedev (*1925 — +1991), a graduate from the University of Michi-
gan in 1947. Donald was educated in the United States and
Canada: he obtained a bachelor’s degree in 1981 at the University
of Michigan in Detroit (USA), and a master’s degree three years
later at Queen’s University in Canada. In 1987 he obtained a doc-
torate in structural geology (Ph.D.) at Princeton University Facul-
ty of Geology and Geophysics, New Jersey (USA).

Donald Medvedev started in the oil and gas company ARCO in
Plano, Texas, in exploration. He stayed with the company for 13
years. In 1994-99 he also taught at the University of Michigan. In
2000, Donald Medvedev accepted an offer from Chevron in Perth
area, Australia, as a research consultant in industry, oil and ener-
gy. As a tectonics specialist, D. Medvedev was involved in the
varying relationships between tectonic folds, faults and fractures,
producing their geometry in 3D using computer-aided design.



For 29 years he was a structural geologist in the Geoscience
Community. In 2010-2011 he received awards from the American
Association of Petroleum Geologists (AAPG) for his contribu-
tions to the knowledge of oil and gas reservoirs He also is a mem-
ber of the Geophysical and Geological Society of America. He
wrote several papers on tectonics, including on he co-authored
with the geology and geophysics prof. David V.Willschko on the
tectonic mechanics and stress distribution of the Northwestern
outskirts of the Southern Appalachian foothills.

49. Baron GEORGE VON MOHRENSCHILD (*1911 Mozyr, Russian
Empire — 11977, USA), petroleum geologist, businessman in the
oil industry, Ph.D. Emigrated after the October Revolution.

G. von Mohrenschild (Bettman/Corbis, 1964)

George’s father, Baron Serge Alexandrovich von Morenshild,
was a russified wealthy German nobleman. Shortly after the Rus-
sian Revolution, he was arrested by the Bolsheviks for anti-com-
munist activities and sentenced to life exile in Siberia. In 1921 he
and his family managed to escape to Poland.

George graduated from the Polish military academy in 1931,
and in 1938 received a PhD in the field of international trade at the
University of Liege in Belgium, and then moved to the United
States. In 1939 he was hired by the Humble Oil, co-founded by
Prescott Bush. In 1945, von Morenshild received a master’s
degree in “Geology and exploitation of the petroleum deposits“at
the University of Texas. After the Second World War he moved to
Venezuela for the Pantepec Oil Company belonging to William F.
Buckley’s family. In 1952, he moved to Dallas, where he worked
for the oil millionaire Clint Murchison and joined the Dallas
Petroleum Club. In 1957 G. von Morenshild worked for the
“CVOVT, Cuban-Venezuelan Oil Voting Trust Company”. As a an
oil specialist, he traveled around the world, and also taught geol-
ogy at the University of Texas.

After a long private journey to Mexico and Central America,
George von Morenshild and his wife returned to Dallas. Around
1962, he met with the family of Lee Harvey Oswald whose wife,
Marina born Prusakov, originated from Belarus, the same country
as von Morenshild. Lee Harvey Oswald later became famous as
the murderer of President John F. Kennedy (November 1963). In
June 1963 George and his wife moved to Haiti. In 1977, he was
teaching French in Dallas. Beeing harassed by U.S. security be-
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cause of his links with Kennedy’s murderer Oswald, von Moren-
shild fell into a deep depression. It is assumed that he committed
suicide by shooting himself in the mouth in a hotel in Palm Beach,
Florida, although his wife has always denied this likelihood.

50. SIEMON WILLIAM MULLER (*1900, Blagoveshchensk, Russian
Empire — 11970, California, USA), geology, paleontology, stratig-
raphy, structural geology, Ph.D., Professor. Emigrated after the
October Revolution and the Civil War — first generation. Nevada,
California, Alaska, Maryland

Siemon Miiller(Internet:udel.edu)

Miiller’s father arrived in Russia from Denmark, being em-
ployed at the telegraph office and as a teacher. During the October
Revolution, 17 year old Siemon entered the Naval Academy in
Vladivostok. Realizing the danger of belonging to the White army,
he fled to Shanghai, where he could be hired by an American com-
pany, and learned English. In 1921, he enlisted in a ship’s crew
and sailed to the United States. There he graduated from the
Oregon State University in 1927, majoring in geology. He pursued
his studies at Stanford University, specializing in paleontology
and stratigraphy under James Perrin Smith’s supervision. S.
Miiller received a master’s degree in 1929 and his doctorate in
1930, with a thesis on the Triassic stratigraphy of Western
Nevada. He married Vera Vilamovska, also of Russian origin.

S. Miiller became a lecturer and later a professor at Stanford
University. He enthusiastically taught courses in historical geolo-
gy, paleontology, stratigraphy, permafrost and the geology of Cali-
fornia, conducted geological excursions with students, being one
of the most popular professors at Stanford University. During
WWII, Siemon Miiller undertook permafrost studies in Alaska for
the needs of the U.S. Army, wearing an officer’s uniform without
shoulder-piece, meaning he was not directly serving in the Army.
He made a great contribution to the knowledge of permafrost, but
his main interest was the study of fossil fauna and flora and its use
for interpreting the origin and geological history of the Late Paleo-
zoic and Mesozoic sedimentary rocks of the western United
States. Two decades of cooperation with the Henry J. Ferguson of
the U.S. Geological Survey made a great contribution to the study
of the Maryland Western Cordillera. As a young man in the late
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1930s, he was an adviser to the U.S. Geological Society, a mem-
ber of the Guggenheim in Austria, and in the 50-60s was a mem-
ber and then president of the Paleontological Society, and a trustee
of the California Academy of Sciences.

51. ARTEM ROMAEVICH OGANOV (*1975, Moscow, Russia), crys-
tallographer, Ph.D., Dr. habil., Professor. Emigrated after WW I1.
New York.

A.R. Oganov (Personal archives)

Artem Oganov has been interested in science since childhood.
At 4 he became interested in chemistry, at 7 attended lectures at
the Polytechnic Museum and conducted chemical experiments at
home, which fortunately did bring any significant “disaster”. At
age 11 he became interested in mineralogy and soon began to fol-
low expeditions, which determined his future career. In 1992
Artem graduated with honors in high school and enrolled at the
Faculty of Geology, Moscow State University. He received five
Soros Fellow, also received two Shubnikov scholarships, Vinogra-
dov and Lomonosov. In 1996, during the month long program at
the University of Milan in Italy Artem mastered the technique of
quantum- mechanical calculations and learned Italian during the
course. He also speaks English, French and German. In 1997 he
graduated with honors from the Moscow State University in crys-
tallography. He devoted his thesis to the theoretical modeling of
the structure and properties of aluminum silicates. In 1998, with a
President’s Scholarship for abroad studies, Artem Oganov moved
to the UK, in prof. David Price’s team at University College, Lon-
don, and presented his Ph.D. thesis on “Computer simulation stud-
ies of minerals”, afterwards engaging for a year as a junior re-
searcher . In 2003 Artem accepted an interesting proposal to cre-
ate and lead a research group at the Ziirich Polytechnic Institute
(ETH Ziirich, Switzerland), where he presented a doctoral habili-
tation thesis on “High Pressure Crystallography” in 2007. Since
2008 he is a Professor in the State University of New York at
Stony Brook (USA), where he teaches and conducts research.

A. Oganov has published more than 100 scientific papers on
crystallography, mineralogy, geophysics, theoretical physics of con-
densate matter, has discovered a number of new mantle minerals (
mineral “post- perovskite” = MgSiO5 and a high-pressure phase in
CaCOj; and MgCO3), created a new method for the prediction of
crystal structures and the search for new materials, the winner of

many awards and honors, including the Latsis award, awards from
the European Mineralogical Union, the European Union of
Geosciences , the London Geological Society, etc. A. Oganov main-
tains active ties with Russian scientists and from 2006 is an associ-
ate professor at Moscow State University. According to the inde-
pendent business magazine FORBES Russia, Artem Oganov
belongs to the ten most successful Russian scientists of our time.

52. VLADIMIR JOSEPH OKULITCH (*1906 , St. Petersburg, Russian
Empire — 11995, Canada), paleontologist, Ph.D., Professor. Emi-
grated after the October Revolution and the Civil War — first gen-
eration. California, Hawaii.

V.Okulich (Internet:digitalcollections.ubc.ca)

Vladimir was born in a family of Siberian Cossacks, the son of
agronomist engineer Joseph Konstantinovich Okulitch - Okashi
(*1871 — 11949). His father often traveled abroad for familiariz-
ing with European experience in agriculture in order to use it in
Siberia. He traveled in 1919 to the United States as a diplomatic
representative of Admiral A.V.Kolchak, represented until 1923 the
White Russian government in the United States, Britain and
France. After the Civil War, he lived in Yugoslavia (1923-1926),
engaged in the export of timber, later settling with his family in
British Columbia (Canada).

Vladimir Okulitch graduated from the University of British
Columbia Faculty of Geology in 1932 with a Master in Engi-
neering Geology. Later he studied at McGill University in Mon-
treal, two years later presenting his doctoral thesis. After 10 years
of research at Harvard University in the United States, Vladimir
Okulitch became an assistant professor of paleontology at Van-
couver University in 1949, staying for 22 years professor of pale-
ontology and stratigraphy. In the years 1953-1959 he headed the
Geological Department of the University, and later Dean of the
geological-faculty (1963) (OkourLicH V. 1971; JOUKOVSKY A.
1995). As dean, V. Okulitch launched many university research
projects, including project telescope on Mount Kobau. He con-
ducted much geological research in Eastern Canada and in the
Cordillera of western Canada. He was also invitated to lecture at
the Universities of Southern California and Hawaii. V. Okulitch
was a member of numerous Canadian and American geological



and scientific societies. He published more than 60 papers, includ-
ing monographs, devoted mainly to Cambrian and Ordovician
invertebrate paleontology. Vladimir was known as a photographer
and refers to photography as an art, for which he received numer-
ous awards at exhibitions. He was also fond of astronomy. In 1934
he married Susanna née Kuhar, with whom he had two sons. Their
son Andrew followed his father and became a geologist — second
generation white emigrant, working in Canada.

53. FeLix PErsits (*1937, Moscow, Russia), geophysicist, Ph.
Emigrasted after WW 1. Colorado.

Felix Persits (Personal Archives)

In 1962, Felix Persits graduated from the Geophysical De-
partment at the Moscow Geological Exploration Institute (MGRI),
specializing in rare and radioactive elements. In 1978 he present-
ed his PhD thesis.

In USSR Felix Persits has been exploring for oil and uranium
in Kazakhstan with “Spetsgeofizika” and the Kazakhstan Institute
of Mineral Resources (VIMS), also searching for bauxite, gold
and diamonds in Central Asia, the Timan , Urals and East Siberia.
He supervised airborne geophysical surveys at the Central Rese-
arch Institute of Geological Prospecting for Base and Precious
Metals (TSNIGRI) and the Research Institute “Zarubezhgeo-
logiya”, also being engaged in the development of algorithms. He
traveled as a consultant for those companies and institutions to
Mongolia, Canada and the United States. In 1972, during an air-
borne geophysical survey for bauxite on the Timan Ridge, Felix
survived a plane crash.

Moving to the U.S. in 1993, he experienced some hardships, as
part of his family (including his sick mother) was still in the
USSR, while only the uncertainty of the future had forced him to
take this step. Only in 1998, his family finally could piece togeth-
er and their lives become normal in Denver. His choice of Denver
is not accidental, since it is one of the main centers of the U.S.
Geological Sciences and the beautiful nature of Colorado is hard
to even describe. In addition, being a skier with a 45 years’ expe-
rience, he was close to many major ski resorts in Colorado. In
1993 F. Persits worked mainly on episodic projects with the
American physicist D. Cooper. Three years later he entered the
U.S. Geological Survey (USGS) in Denver. He joined the new
project “Assessment of the world’s resources of oil and gas*
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which was organized to perform with the use of modern methods
of computer mapping and database management. Persits Felix was
invited to participate in the geographic information systems (GIS).
The project produced a system of data analysis and maps of the
world on any petroleum province running on UNIX, and later on
PCs. The second focus of his work was the production and publi-
cation of digital geological maps on CDs covering countries and
continents such as Africa, the former Soviet Union, the Arctic,
Iran and Bangladesh, spreading thousand copies throughout the
world. He co-authored about 12 international scientific papers
with American colleagues.

54. SERGEI PISAREVSKY (*1953, Leningrad, Russia), physicist,
geophysicist, paleotectonician, paleogeographer, PhD, Dr. Sc.,
research assistant professor. Emigrated after WW I1. Florida (peri-
odicaly).

S. Pisarevsky (Personal archives)

Sergei Pisarevsky, the son of an engineer and a nurse, gradua-
ted from the Faculty of Physics, Leningrad University in 1976,
specializing in the physics of the Earth. Within six years he pre-
sented his thesis on the “Investigation of the fine structure of the
paleomagnetic field in order to build a detailed magneto- stratigra-
phic scale”. In Russia, he worked at the Petroleum Institute in
Leningrad (VNIGRI ), author or co-author of over 140 publica-
tions. On fieldwork Sergei was often in the vast expanses of
Eastern Siberia. From 1995 to 1997 he periodically worked at the
University of Aarhus in Denmark, the Lund University in Sweden
and the University of Florida in Gainesville (USA). Sergei was in-
vited in Australia in 1998 as a visiting researcher at the University
of Western Australia (Centre for tectonic studies), where he recei-
ved a permanent position. From 2006 to 2010 he also worked at the
University of St. Francis Xavier (New Scotia, Canada) and the
University of Edinburgh (Scotland), collaborated with the Univer-
sity of Helsinki (Finland), the University of Geosciences in Beijing
(China), also collecting field data in Norway and India. His main
interests are paleomagnetism and its relationship with geology and
tectonics, plate tectonics and Precambrian paleogeography. On
these subjects he authored or co-authored about 80 scientific papers
in international journals. Since 2002 he is in care of the global
paleomagnetic database (PISSAREVSKY S. et al. 2013). Sergey also
participated in the preparation of illustrations for the popular scien-
ce book “The Big Picture Book™ (John Long, Brian Choo), presen-
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ting the modern theory of global paleogeography. It won the
Australian Award for outstanding achievement in the creation of
educational literature and as the best guide for students. He also par-
ticipated in the design of “Ground Dinosaurs” at the Royal Park in
Perth, Australia (Kings Park): some of his reconstructions in the
form of bronze plates where installed at the Wana Park.

Sergey participated in collaborative research projects overseas
and with Russian institutions, collaborating on the Precambrian
Siberia with the Irkutsk Crustal Institute. He currently is a senior
research fellow at the University of Western Australia and the
Curtin University of Technology, member of many international
scientific societies, recipient of several awards for scientific and
popular science work.

55. INNA VITALIEVNA POIRET (*1890, Samarkand, Turkestan, Rus-
sian Empire — 11959, Washington, DC, USA), geologist, petrog-
rapher. Emigrated after WW I1. Alaska.

Inna was born in the family of the Russian Imperial Army lieu-
tenant colonel, the Frenchman Vitaly Poiret (*? — 11902) and a
Russian mother, Maria Ivanovna Poiret. It is known that the Poiret
settled in Russia after the 1812 war. After her father’s death the
family lived in Leningrad. Having completed her studies at the
Leningrad Mining Institute with a specialization in lithology and
petrography, Inna engaged in a scientific career (1911). At the out-
break of WWI in 1914, Inna Poiret engaged as a nurse in the ranks
of the 1st Battalion of the Petrograd female rifles. In October 25,
1917 she participated in the unsuccessful defense of the Winter
Palace, the last residence of the Provisional Government. In 1919
she persued her scientific career. In 1930 she was a senior geolo-
gist at the Leningrad Hydrogeological Trust, writing a number of
scientific papers. In March 1935 Inna Poiret was convicted and
sent with her mother to Ufa for 5 years.

1.V. Poiret then left the Soviet Union during WWII and settled
in the United States (circa 1959). She dealt with the permafrost at
the US Geological Survey, publishing a number of scientific arti-
cles. Inna Poiret was a member of the American Institute of
Mining Engineers, the Geological Society of America and the
Association of Women Geographers.

56. CONSTANTIN A. PROKOPOV / KONSTANTIN A. PROKOPOFF
(*1887?, Esentukskaya stantia, Russian Empire — 11972, San
Francisco, USA), mining engineer, oilman, Professor. Emigrated
after the WW IL.LUSA.

Constantin Prokopov came from a Terek Cossack family. In
1910 graduated from the Mining Institute and was assigned to
Geolkom since 1913 as an associate geologist, specializing in oil
exploration and in regional stratigraphy. On behalf Geolkom he
participated in the geological field studies in Siberia and the
Kuban region, participated in the description of sections of the
Mesozoic and Cenozoic, and was engaged in the stratigraphy of
these deposits. In the Udel steppe in Stavropol province he stud-
ied the fauna; in 20 — 30s in the Pre-Caucasus he has refined and
detailed the stratigraphic scheme of the subdivision of the Neo-
gene, published some papers in the Notices of the Mining Insti-
tute. His final work “The new Grozny Oil District” (1915) finally
cemented a new strategic direction for the Russian oil industry; in
1916 Novogroznensky oilfields already given 51 million tons of
oil, i.e. 50 % of total oil production in the Grozny district.

The “case Geolkom” in 1929 held a total of 32 people sen-
tenced to various punishments. Ten defendants, including Con-
stantin Prokopov gave on bail and were released after completion
of the case for lack of prosecution. But the materials on five defen-
dants, including Constantin Prokopov were marked for inclusion
in other cases. Subsequently, Constantin Prokopov worked in
NGRI and in 1934 was sent from Moscow to Leningrad. He par-
ticipated in the exploration in the North Caucasus and the Kuban,
where he first found the Devonian fauna in the bedrock. In years
1938-41 he again conducted geological studies in the Stavropol
region. C. Prokopov probably got abroad during the World War II,
and he went to the U.S. and was a professor at several universities,
and in his spare time writing books about the Cossacks.

57. NikoLA P. PrRokoPOVICH (¥1918, Kiev, Ukraine — 11999, Sa-
cramento, CA), engineering geologist, geochemist, Dr.rer.nat.
Emigrated after the WW II. California.

RIS ey )y

N. Prokopovich (Internet: lib.ucdavis.edu)

Nikola graduated from the Faculty of Geology of the Univer-
sity of Kiev. In autumn 1941 Prokopovich was on occupied terri-
tory. The German command ordered to clear Kiev from the civil-
ian population, and so it was in 1943 among the refugees went to
the West, from which Russia has not returned. After the war, he
first lived in the French zone of South-West Germany, enrolled in
graduate school at the Faculty of Geology Tubingen University in
which he defended his doctoral thesis. In the U.S., he moved in
1950, moonlighting at odd jobs, worked at the University of
Minnesota, and then got a job as a geologist in the Bureau of
Land-Reclamation, U.S. Department of the Interior in California
and conducted research in various fields of geology, and land
reclamation. He developed some new techniques, such as mathe-
matical calculation determining the degree of subsidence in the
design of channels in California, which was laid in the foundation
of the project irrigation canal San Louis to irrigate 1.4 million
hectares of land in the Central Valley for urban and industrial
needs of California.

Nikola Prokopovich (MORRISON D. & PHiLLIPS L. 2011) further
worked as a geologist in the Bureau of Reclamation Mid- Pacific
Region in Sacramento. He liked to work in the field and found
solutions to many complex geotechnical problems associated with



the design and construction works in the Mid- Pacific region of
the State of California. He participated in many international con-
gresses, symposia and conferences, earning wide popularity
among professionals, was the author of more than 150 technical
papers and abstracts, actively worked to 74 years of age. Reco-
gnizing the merits of N. Prokopovich the U.S. Interior Secretary
awarded him commendation, nominal silver medal and a silver
mark to wear in his buttonhole. Part of printed works N.P. Pro-
kopovich was transferred to the technical library of the Ural
Branch of the Russian Academy of Sciences in Ekaterinburg.

58. RHODA RAPPAPORT (*¥1935, New York, USA — 2009, New
York, USA), historian of geology, Ph.D., Professor. Emigrated
after the October Revolution and the Civil War —second genera-
tion. New York.

R. Rappaport (M.Whalen, Vassar College, 9.5.2011)

R. Rappaport (Prof. J. Challey, Vassar College, 16.6.2011)

The parents of Rhoda Rappaport emigrated from Russia in the
beginning of the revolution - in 1917, and three years later,
through Central Europe, arrived in the United States. In 1961 she
graduated, and came to the history department of Vassar College,
and in 1964 he defended a Ph.D. thesis in history from Cornell
University. Her specialty was the early history of geology in
Europe and especially geology XVII and XVIII centuries in
France, “ when the geologists were historians “ - from the time of
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Hooke , Leibniz, and Fontenelle to Lavoisier , Werner and Cuvier.
She wrote about the proper understanding of the role of paleonto-
logical remains, meaning mineralogy (especially in France), and
the reliability of different information about the Earth’s past. Her
work activity covers half a century, and during the last 40 years,
she worked as historian and until his death was a Distinguished
Professor at Vassar College in New York.

59. VLADIMIR E. ROMANOVSKY (*?1950, Barnaul, Russia), geolo-
gist, PhD., Professor. Emigrated after WW II. Alaska.

V.E. Romanovsky (Internet: sciencepoles)

In 1975, Vladimir Romanovsky graduated from the Geological
Faculty of Moscow State University with a specialization in geo-
physics and in 1982 defended a master’s thesis. In 1985 in Mo-
scow, Vladimir received a second university degree - in mathema-
tics. Upon graduation, he worked at the Moscow State University,
doing geo-chronology and geophysics. In the USSR, Vladimir
worked in Kazakhstan, on the Black Sea , in the Baikal-Amur re-
gion , Western Siberia, northern Yakutia and from Moscow State
University in Mongolia.

In 1992, Vladimir Romanovsky - Specialist Earth Cryosphere
began his scientific career in the Geophysical Institute, University
of Alaska Fairbanks, UAF, which in 1999 received a professor-
ship, Head of the Laboratory of permafrost , directs the work of
students and graduate students. The second dissertation V.E. Ro-
manovsky done at the University of Fairbanks, to give in 1996
U.S. doctoral degree (Ph.D.).

For outstanding achievements in scientific research in 2011 he
was awarded the University “Usibelli Award”. In the realm of his
research interests and belong to the scientific and practical aspects
of environmental and technical problems associated with the ice
and permafrost. This is a problem in the field of soil physics, ther-
modynamics, heat and mass transfer flow associated with per-
mafrost, subsea permafrost, seasonal permafrost soils and season-
al snow cover. Romanovsky worked except Alaska and in Iceland,
Greenland and the Canadian Arctic. He also develops mathemati-
cal methods (analytical and numerical modeling) in geology and
geophysics. Romanovsky participates in joint Russian-American
research project on the Arctic shelf, is president of the Society of
permafrost and the U.S. member of the International Society of
permafrost, a member of the American Polar Research Board, a
member of the American Geophysical Union. He - the author or
co-author of three books and over 160 scientific articles.
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60. JosepH RuDOLPH (*1897, Russian Empire — 11953 ? Indiana,
USA), geologist. Emigrated after the October Revolution and the
Civil War — first generation. Utah, New Mexico, California, Okla-
homa and Texas.

Rudolph Joseph emigrated from Russia to the USA and worked
in the mining industry in Ontario (Canada), in the states of Utah,
New Mexico and California in the United States, in the oil busi-
ness Oklahoma and Texas, consultant geologist in Houston
(Texas), where he was searching for and mining. After arriving in
Houston, Texas, it was first adopted as an engineer in a company
,Lockwood and Andrews.” A year later, Joseph Rudolf looking
for an opportunity to work in geology and began as a geologist
working with John C. Myers, a consultant from Houston, and this
worked for a few years. In 1928 he wrote a paper on the national-
ization of natural resources in different countries - Britain,
Australia and Africa (RupoLpH J. 1928). Rudolph Joseph was a
member of the American Association of Petroleum Geologists
(AAPG).

61. ANATOLY 1. SAFONOV (*1897, Russian Imperia — 11987, Sa-
cramento, USA), structural and petroleum geologist. Emigrated
after the October Revolution and the Civil War — first generation.
California.

When the family came to America, could not be determined. In
the 30s of the 20th century, Anatoly Safonov was already in the
United States and worked in Geology (Consulting Geologist Sa-
cramento). In 1937 he wrote an article on the structure of the Ural
Mountain, published by Cornell University. In 1939 he published
a note in America in memory of the famous Russian scientist Ivan
Mikhailovich Gubkin (*1871 — $1939), a geologist, engaged in
Russian regional structural geology of the Volga and Ural regions.
At 1947 Anatoly Safonov was a member of the American Society
of Petroleum Geologists (AAPG). In 1953 he worked and pub-
lished together with the geologist Paul Goudkov, which in 1951
merged his company with the firm of Hughes entitled “Goudkov
and Hughes”. At 1958 A. Safonov formally belonged to the firm
Brazos Oil & Gas Co., but practically was vice president of
Sacramento Petroleum Association.

Anatoly worked in California, in the Sacramento Valley, and
called it a paradise for geologists, because a in relatively small
area geologist faced with such a variety of geological structures.
He studied the structure of the facies of the rocks, the geological
structure, the stratigraphy and the tectonic mainly of the Creta-
ceous sediments, published as author and co-authored numerous
geological papers.

62. SERGE A. SCHERBATSKOY (*1908, Buyuk Dere near Con-
stantinople, Turkey — f 2002, Paris, France), geophysicist, oilman,
Ph.D. Emigrated after the October Revolution and the Civil War —
first generation. New York, Oklahoma

The father of Serge — the Russian diplomat Alexander I.
Scherbatskoy (*1874 — +1952) was born in Reval (Estonia) and
was diplomat in Japan, Brazil, Uruguay, Paraguay, Chile, United
States, served as the third secretary of the Russian embassy in
Constantinople (Turkey). Serge was born there. The father was
going to enter in the Kerensky government, but after his fall, he
went to Berlin. After the Revolution, the family lived first in
Germany, and since 1927 in France.

S. Scherbatskoy, Smithsonian Institution (invention.smithsonianm.org)

Sergei Tsherbatskoy was very talented, fluent in French, En-
glish, German and Russian languages, graduated from the Sor-
bonne in Paris and holds a PhD in physics. In 1929, a few months
before the financial crisis, Serge Scherbatskoy moved to the
United States. From 1929 to 1932 he worked at Bell Laboratories
Building, Manhattan, in New York and some other engineering
firms. In 1936 Serge joined the Seismograph Services Corpo-
ration, which has developed new equipment and participated in
drilling for oil. The company was one of the first U.S. companies
to use nuclear physics for oil exploration. Around this time, he met
Mary Ellen Dunham, they were married in 1938 and they had four
children and seven grandchildren. In 1944 S. Scherbatskoy devel-
oped a portable radiation detector and led the group for uranium
in the Great Bear Lake in Canada. In 1948 Serge founded the firm
of geophysical measurements (GMC) in Tulsa, Oklahoma. During
this time he worked on the development of GIS technology, “Well
logging is a systematic process of studying the entire length of the
borehole with tools capable of measuring physical properties of
rocks traversed and present them graphically” (logging). Around
1980 he was appointed director of special projects and continued
his work on the development of measurement -while-drilling and
directional drilling for oil and gas: “Measurement While Drilling”
(MWD) and “Logging While Drilling” (LWD). S. Scherbatskoy
patented more than 200 inventions in the field of technical explo-
ration and production of oil, a rich collection of documents on the
development of geophysics in the drilling, which was donated by
his children to the Museum of Modern Physics and the American
Petroleum Institute. In 1985, the U.S. Patent Office officially
called his work ,,the work of an outstanding American inventor.”
Serge Scherbatskoy died at the age of 94.

63. ANATOL JAMES SCHNEIDER (OV) (*1894, Ekaterinburg, Rus-
sian Empire — 11987, San Francisco, USA), geophysicist, seis-
mologist, tectonician, Ph.D., Professor. Emigrated after the Octo-
ber Revolution and the Civil War — first generation. Washington,
Maryland, California.

Anatol Shneider is born in Ekaterinburg. In the U.S., Anatol
Shneider graduated in Seattle in 1944, since 1945 he worked as a
geophysicist at the Geological Survey in Washington, and from
1946 - seismologist at Johns Hopkins University. In his young age
Anatol became famous in almost all America . Known is the story
about him from the time of nuclear tests in 1946. “Anatol J.



Foto A. Schneider (ov) - epitaph on the tombstone
(Internet: russianmuseumsf.org)

Schneider, seismologist, stated on 10 June 1946, in San Francisco,
that there was great danger of cracking the Earth’s surface with
atomic bombing by the danger of climate changes occurring
throughout the world. It was the underwater bombing that was to
be the most feared. “(library.antiquatis.org).” In San Francisco
newspapers nearly panicked the crews of three Bikini-bound press
and observer ships. They headlined a warning from Anatol J.
Schneider, “seismologist” at Johns Hopkins University, that the
explosion would swamp every ship and leave no survivors. Hop-
kins authorities promptly announced that Schneiderov was only a
student and “of Soviet origin,” and that his views were not those
of the university. “NEWSWEEK: JULY 1, 1946). In 1948 Anatol
defended at Columbia University his PhD dissertation. The scien-
tific works of Shneider (mostly from the 50s of the 20th century )
have been on the theory of the expansion of the Earth, the Earth’s
core and stability temperature boundary with the mantle, the
forces of attraction in the world, the problems of asteroseismolo-
gy. He led a group of scientists who together with the Russian
researcher K.P. Stanyukovich engaged in alternative theories of
gravity in the world of nature, including causing great controver-
sy and is often attributable to the metaphysics of quantum theory
of gravity. Already in 1943, while still a student, he published an
article about gravity because of its influence on the seismicity and
tectonics of the Earth. In 1954 he wrote an article about the nu-
clear explosions and the ozone layer of the Earth. In addition, he
also published his translations of scientific articles from Russian.

Anatol Shneider was a regular correspondent and literary asso-
ciate to the newspaper “ Russian Life” in Washington, a member
of the International Union of Geodesy and Geophysics (UGGI),
repeatedly until the mid- 60s was based on reports and in interna-
tional symposiums on seismology .

64. JACK JOHN SEPKOSKI JR. / J.J. SCZCEPKOWSKI (*1948, Presque
Isle, Maine, USA — 11999, Chicago, USA), paleontologist, Ph.D.,
professor, foreign member of the Polish Academy of Sciences.
Emigrated before the October Revolution — third generation.
South Dakota, Montana and Wyoming.

The grand father of Jack John Sepkoski - Jan Sepkoski was
born, according to some information , in Ukraine , in town Malin,
Zhytomyr region, and was with Polish origin. In 1913, as 19 -year-
old boys, he emigrated to the United States and participated in the
First World War on the American site. Jack John Sepkoski was
born in America (Foote M., Hopson J.A. 1999); he studied geolo-
gy at the University of Notre Dame in Indiana, and received his
PhD doctorate in 1977 at Harvard University, Massachusetts,
USA. The topic of his doctoral dissertation was the Upper Canbri-
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an Stratigraphy and Paleontology of South Dakota, Montana and
Wyoming. Then he became interested in mathematical modeling
in geology. Sepkoski has taught since 1974 at the University of
Rochester, and since 1978 - in the University of Chicago, where
he remained until his death in 1999.

Jack Sepkoski (Acta Palacontologica Polonica, 44/2; 1999)

Jack John Sepkoski studied models of taxonomic diversity of
marine organisms of the Vendian period and Phanerozoic, re-
ducing them to simple demographic models: after long periods of
low-level taxonomic diversity followed by periods of rapid deve-
lopment, search through the massive loss of organisms. Thus, the
idea of periodicity of life on Earth has helped to link mass death
of organisms with possible extraterrestrial phenomena. The study
of Sepkoski mass death of organisms was carried out together
with his University of Chicago colleague David M. Raup: they set
reduction degree of dead organisms during the Phanerozoic and
the apparent periodicity of 26 million years during the late Phane-
rozoic. Despite the fact that the mechanism of periodic death is
not yet fully understood, statistical processing of the data proves
this periodicity.

J.J. Sepkoskin was proud of his Polish ancestry. His wife was
paleobiologist Cristina Maria Janis with which he conducted
numerous collaborations. For his contributions to paleontology, in
1998 he was elected in 1997 a foreign member of the Polish
Academy of Sciences, He was awarded numerous international
awards, including in 1983 after Charles Shuchert Award from the
Paleontological Society. Jack John Sepkoski died at the age of 51.
In his honor, the American Paleontological Society has created a
grant for paleontologists of the former Soviet Union and of the
Eastern Bloc countries.

65. ALEXElI SKRILOV/ AJNEKCE] WBAHOBUY CKPUJIEB (*1894,
Zlatoust , Russian Empire — 11979, USA), engineer land survey-
ors. Emigrated after the October Revolution and the Civil War —
first generation. USA.

Alexei was born in Kuban, where his father served as a railway
technician. It is called the Kuban Cossacks (the Kuban Cossacks
— are the indigenous inhabitants of the the right bank of Kuban
River and Azov region). Even as a child he lost his father and a
cousin took him to be raised, moving with them from place to
place. Only occasionally he could visit his mother and sisters. In
Chelyabinsk, Alex graduated from the parish school, in Kursk and
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Pskov - studied in middle schools for land surveyors. At the end
he was appointed to serve in the Grodno land committee. At the
beginning of World War I enlisted in the army and was promoted
to officer. After the October Revolution in November 1917, he
came from the Rumanian front in vacation to the Kuban and
joined the squad of esaul K.L. Bardizh, then the white army of
General Kornilov.

In 1920 he was evacuated to Serbia. After graduating from
Belgrade Geodesic Academy, he served in public office, and later
in private practice in the specialty. In 1924 he married the Hun-
garian Elizabeth Murai (*1904 — $1991). During the WW 1, the
area belonged to Yugoslavia, was occupied by the Hungarians. It
so happened that twenty years later, during World War II, Alexei
Ivanovich with the whole family came to Germany, lived in the
camp Schleifheim for displaced persons. In October 1949 Alex
went to the USA, where the first time made a living by simple
physical labor, and later worked as an engineer - surveyor. He
edited a book on the life of the Cossaks (GUBAREV G.V. 1968). In
the 60s, his sons Nicholas and Valerian successfully started his
scientific career: Nicholas (¥1929) became an economist, and Va-
lerian Alekseevich Skrilov (1925) hid determined to serve the
Standard Oil Company, where he specialized in water treatment of
waste oil and other contaminants.

66. LEONID S. SMIRNOFF (*1937, Leningrad, Russia — +1991, Den-
ver, Colorado, USA), geologist, PhD. Emigrated after the WW I1.
Alaska

L.S. Smirnoff (Archives VNIGRI, Russia)

Leonid Smirnov was born shortly before the Second World
War and survived the famine in Leningrad blockade, was evacuat-
ed to the North Caucasus. After the war he returned to Leningrad
and in 1958 graduated from the Mining Institute with a specializa-
tion in sedimentology, and worked as a geologist at the All-Union
Research Geological Institute (VNIGRI), in 1970 he defended his
Ph.D. thesis, has been developing methods to search for strati-
graphic and lithologic traps for oil and gas on the basis of paleo-
geographic and lithological analysis, in northwest Caucasus,
Western Siberia, the Polar Urals and Timan-Pechora province,
published 20 articles in Russian. Russian colleagues say that he
was confident and very purposeful person, liked to play football.

In 1976, he as a political refugee with no family (in Russia sur-
vived his wife and daughter) moved to the U.S. and worked main-

ly in Alaska, where he was prospecting and exploration of oil
fields. He also taught at the University of Toronto and was consid-
ered an expert on ,,Arctic oil.” He died in Denver at age 54 from
cancer of the blood. Suggestions that the geological party, with his
participation, has been exposed to radiation during the geological
work in the Polar Urals, and Leonid Smirnov was the last member
of the party who died from this terrible disease.

67. VLADIMIR P. SOKOLOFF / “PETE” (*¥1904, Tomsk, Russian
Empire — +1995, Largo, Florida, USA), geologist, petroleum geol-
ogist, mineralogist, geochemist, physicist, Ph.D. Emigrated after
the October Revolution and the Civil War — first generation.
Maryland.
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V.P. Sokoloff - on field research (D. Branagan, 2007)

It is not known when he came to the U.S., but most likely, after
the October Revolution with his family, and later took U.S. citi-
zenship. Already in 1933 V.P. Sokoloff studied geochemical
research and implementation of the achievements of Russian geo-
chemical schools in the U.S. and Australia (BRANAGAN 2007). In
1937 he defended his thesis at the University of California at
Berkeley. In 1943 Sokoloff worked in the US Geological Survey.
His first report, “The search in the “Wallaroo-Moonta” 1948 in
Broken Hill told about *“ Zinc Corporation
1948 by geochemical (metallometric) works a zone with increased
metal content, but, unfortunately, with low economic value, but
laid the foundation for the application of geochemistry in explo-
ration in Australia, make work more profitable. Since 1949, V.P.
Sokoloff studied field search of gold in Western Australia, and in
1950 left the USGS due to weak interest for mass geochemical
field work and went to work at Johns Hopkins University in

“. He discovered in



Baltimore, combining work with teaching at Johns Hopkins Uni-
versity, Isaiah Bowman School of Geography, Baltimore (Mary-
land). Here Sokoloff started to apply the metallometry in Archeo-
logical research.

In the period 1953-1956 in Israel he made a summary of the
country’s mineral resources for the American Geological Society,
participated in archaeological work on the King-Solomon copper
mine “Timna”, where it was proved that these mines were not
developed during the reign of King Solomon. In 1954, he proba-
bly studied humus soil for the Geographical Institute of Istanbul
University. After returning from Israel since 1956 V.P. Sokoloff
became a consultant to the U.S. Geological Survey and the oil
company Shell, 1965 - consultant in Conzinc-Riotinto, in 1966
eight years in translation and editing of foreign (including Rus-
sian) geological literature in the American Geological Institute.
After retirement, he moved to Miami and attended the Society of
Engineers of the metallurgical industry in Florida. V.P. Sokoloff
was a member of the Geological Society of Washington and the
Cosmos Club and by nature - a sociable person and an interesting
conversationalist.

68. VIACHESLAV NICOLAS SOVINSKY (*1894, the Russian Empire —
171962, Houston, USA), cartographer, geologist. Emigrated after the
October Revolution and the Civil War — first generation. Texas.

Vyacheslav Sovinsky comes from a noble family, the son of
Captain of the Navy, graduated from the Marine Corps in 1914,
served in the Siberian Fleet, participated in the Civil War on the
side of the White Army in the East with Admiral Kolchak.
Vyacheslav emigrated from Russia to Bulgaria and then in 1923
made his way to the United States. Probably there he received a
geological formation.

V.N. Sovinsky participated in the creation of the first, success-
ful and still not repeated geographical map “Millionth Map of
Hispanic America” - map of South and Central America on a scale
1:1.000.000 compiled based on the standards established by the
International Geographical Union. Some of the group remained in
the service of the Geographic Society for more than thirty years
“(TierNEY J.A. 1962; PINTHER M. 2002). Then he worked as a
geologist in Texas, studied the cyclic sedimentation in salt dome
structures on the Mexico Gulf Coast, for the purposes of petrole-
um geology, studied the saliniferous groundwater, and worked on
the geology of North America.

69. TAISIA MAXIMOVNA STADNICHENKO (*1894, village Taganash
Dzhankoy area of Crimea, Russian Empire — +1958, Washington,
DC, USA), geologist and geochemist, Ph.D. Emigrated after the
October Revolution and the Civil War — first generation. Colo-
rado?, Alasca.

Taisia graduated from middle school in Vladivostok and from
the St. Petersburg University and received a geological formation.
In 1917 was sent on an expedition by Geolkom to Sakhalin, and
from 1919 to 1922 worked in the Far East. After the First World
War, she came to the U.S. as a translator and a representative of
the Russian peace mission; in 19221925 worked as a teacher of
chemistry at Vassar College, then until 1931 - an assistant at the
National Research Council and the American Petroleum Institute.
In 1931 Taisia Stadnichenko received American citizenship and
entered the US Geological Survey (USGS), has worked there with
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the scientist Charles David White (1862—-1935), and worked there
until his death in 1958. Taisia Stadnichenko studied the origin and
condition of coal, oil, carbonate slates, including in Alaska , exam-
ined the effect of metamorphism of source rocks. She studied the
problems of coal geochemistry and distribution of the chemical
element germanium (which was very important for the production
of transistors) and other trace elements in coal and oil, their eco-
nomic value. She has published several articles on these topics,
including posthumously in collaboration with Peter Zubovic and
Nola B. Sheffey.

Anna Jaspers wrote about her: ,,Thaisia never lost his enthusi-
asm, helping others, especially young people, who accompanied
her on her academic path, where there was a friendship around the
world ““ (JESPERSEN A. 1959). In 1950 Taisia Stadnichenko was a
member of the Geological Society of Washington, the Cosmos
club, the Society of woman geographers.

70. ALEXANDER ALEXANDER STOYANOW (*1879 Zheleznovodsk on
the Black Sea, Russian Empire — 11974, Los Angeles, USA), geol-
ogist, paleontologist, DSc. Emigrated after the October Revolu-
tion and the Civil War — first generation. Arizona.

In all probability, Alexander Stoyanow came from a Bulgarian
family, who had left the Turkish Empire at the XIX century after
the Russian campaign over the Balkan of General Field Marshal
Ivan Dibich - Zabalkansky. The interests of the young Alexander
to rocks, minerals and fossils (LEE CH.A. & SCHROTER G.A. 1977,
Mounrt J.D. 1990) influenced his decision to become a geologist.
In 1899 he graduated from the University St. Vladimir in Kiev; in
1901 - received a Master of Science degree at Moscow University,
and in 1904 - degree in mining engineering at the Mining Acade-
my in Petrograd. In 1906 he defended his doctoral thesis at Mo-
scow University and in the same year entered assistant at Russian
Academy of Sciences in St. Petersburg. His numerous works,
included the study of gold and non-metallic source rocks in north-
ern Persia , the Caucasus, the border areas with China, and Saur
and Tarbagat mountains and the Irtysh River basin . He studied the
stratigraphy of Ararat, oil and rock structures northwest Caucasus.
One time he led geological expedition in China, studying Chinese
gold-bearing rocks in the mountains Quen moons. During the First
World War, he continued to search for oil in Kurdistan and in East-
ern Turkey, near the sources of the rivers Tigris and Euphrates.
A.A. Stoyanow was an active member of the Russian Mineralo-
gical and Paleontological Society.

His career in Russia ended in 1917, when he and his family emi-
grated to Finland on the ice of the frozen Lake Ladoga. His
American colleague and friend, Dr. Charles Shuchert, Yale hired
him and A.A. Stoyanow was doing research for his paleontological
site of the Swedish island of Gotland. In 1921, on the instructions
of Sinclair Oil Company he spent working in the Malay Archi-
pelago. In 1923 Stoyanow became a professor at the University of
Arizona in the United States; at 1927 began working as a geologist
in the Arizona Bureau of Mines. He made an invaluable contribu-
tion to the study of Paleozoic and Mesozoic stratigraphy of Arizona.
Since 1950, for 24 years he worked simultaneously at Caltech
(California Institute of Technology) and at UCLA (University of
California, Los Angeles), studying with students its rich collection
of Paleozoic and Mesozoic fossils. This collection is now in the
Natural History Museum of Los Angeles County, California.
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During the 60s prof. A.A. Stoyanow was in correspondence
with the Bulgarian paleontologist Dr. T.G. Nikolov, whom he
advised on fossil ammonites in the Lower Cretaceous rocks of
Bulgaria. Prof. Stoyanow wrote that he loves working with the
students and this supports him young. He actively participated in
the scientific activity of the Geological and Paleontological
Society of America, was a member of society Sigma Xi. He has
authored more than 30 scientific, mainly paleontological publica-
tions, most of which are leading to researchers around the world.

71. GEORGE THEOKRITOFF (*¥?1930 Oxford shire, United King-
dom), paleontologist, Ph.D., Professor. Before the October Revo-
lution. Vermont, New Jersey, Massachusetts.

George Theokritoff: 1990 (Internet: villanova.edu)

George Theokritoff was born in England, in the family of the
Russian Archdeacon Vladimir Ivanovich Theokritoff (*1881 —
+1950). Vladimir sang in the choir in the chapel at the Russian
Embassy in London, and after the revolution remained in the UK.
Later served as a priest, rector of the Russian church in London.

In London, George Theokritoff graduated as a geologist and
paleontologist, studied the Ordovician and Silurian fauna Galway
and Mayo in Ireland (diploma thesis). He defended his PhD thesis
on the material of the eastern part of New York State and west-
central Vermont. He has taught at colleges and universities in
England, Canada and the United States.

Sometime between 1951 and 1961 he worked not only in Lon-
don but also in the Museum of Comparative Zoology at Harvard
University in Cambridge (USA), University of New Jersey, and oth-
ers. Since 1967 he has his academic career at the university Rutgers
in the United States. He studied the Cambrian fauna (including trilo-
bites) of Massachusetts, proved the similarity of the Paleozoic fauna
of Ireland with the fauna of Massachusetts in the United States,
Greece, Turkey, Finland and elsewhere. He also developed the theo-
retical foundations of the life on Earth, taking into account and
including the philosophical aspect of this problem. On this occa-
sion, he wrote articles together with his wife Elizabeth Ann
Theokritoff, born Briere, (e.g. THEOKRITOFF G. & THEOKRITOFF E.
2002), who had a theological education, and having received his
doctorate at Oxford (England), work as theological scholar.

After 27 years of work as a university professor George
Theokritoff, retired in 1994. After retirement, he made geological

Dr Theology E.A. Theokritoff (Internet: iesdistance.org.ua)

excursions in Ireland, England, Scotland, Greece, Turkey and
Finland, which, as he puts it, a good effect “on blood pressure and
morale in general.”

72. BasIL TIKOFF (*1965, USA), structural geologist, tectonician,
associate professor. Emigrated after the October Revolution and
the Civil War —third generation white emigrant. Wisconsin.

Basil Tikoff (Photo: Mrs. Maitri)

The grandparents of Basil Tikoff were ethnic Greeks living in
Sevastopol, as their ancestors had for a generation or two before
they moved to the Crimea from Northern Turkey. It is known that
in the XIX century to the Crimea came a few thousand Greek
refugees from the Ottoman Empire. The grandparents of Basil emi-
grated from Russia during the Civil War. The parents of Basil - car-
diologist Gerasim E. Tikoff (*1933) and Edith Tikoff (*1937), both
born in the United States and live in Chicago.

Basil himself received bachelor’s degree in physics at Ohio in
1987 and a Ph.D. in geology and geophysics from the University
of Minnesota in 1994; he worked first at the University of Min-
nesota. B. Tikoff is now since 1998 professor of structural geolo-
gy and tectonics of the University of Wisconsin, Madison). Basil
is engaged in the field of quantitative geology, using a combina-
tion of field studies, geophysics, physical (analog) and quantita-
tive models to understand the spatial breach of the Earth’s crust in
three dimensions. Basil Tikoff teaches structural, historical and re-



gional geology constantly goes with students at geological field
trips.

Since the beginning of the XXI century, he is working on sev-
eral projects: “The process of introducing of the granitoids and
precipitation processes in magmatic arcs’ in the United States and
New Zealand (California, Idaho, New Zealand, Minnesota); “De-
formation of rocks of the lower mantle in Australia”; “Defor-
mation and primary flow traces ultra-metamorphic rocks “in
Norway, New Zealand and New Caledonia”; “Global tectonics of
the western United States “, etc. and is co-authors of many papers
on the tectonics of the region — Bonamicl C.E. ef al. (2011), GAGE
JR. et al. (2011), Trtus S.J. et al. (2011), etc.

73. INNOCENT P. TOLMACHOFF (*1872, Irkutsk, Russian Empire —
171950, Pitsburg, USA), geologist, paleontologist, Dr., Professor.
Emigrated after the October Revolution and the Civil War — first
generation. Pennsylvania.

Tolmachoff (Internet: carnegiemnh.org)

Innocent Tolmachoff graduated from Physics and Mathematics
Faculty of St. Petersburg University in 1897. He trained for sever-
al months petrography in Leipzig with prof. F. Tsirkelya and in
Munich paleontology with Professor K.A. Zittel. In 1897 he was
an assistant for two years at the Department of Geology at the
University Yuryev, then appointed curator of the Geological Mu-
seum of the Imperial Academy of Sciences. Acquainted to work
with Academician A.P. Karpinskys Innocent married his daughter
Eugenie.

ILP. Tolmachev worked in Altai, Kuznetsk Alatai and the
Yenisei province. In 1904, the Imperial Geographical Society se-
conded him in region of Turukhansk to prepare geological and
geographical expeditions to study Yenisei and Anabara rivers (the
basin River Hatangi). Since March 1909 Tolmachev directs annu-
al Chukotka expedition from the mouth of the Kolyma River to
the Bering Strait along the coast of the Arctic Ocean, which they
performed on horseback, sled dogs and deer. In 1914 Tolmachov
is scientific secretary of the created on his initiative at the Aca-
demy of Sciences the Polar Commission. In 1918 he was trying to
avoid political pressure, went to Siberia professor of geology and
mineralogy at the Agronomy Institute in Omsk.

In 1922, the Yale University professor Charles Schuchert rec-
ommended to the Director Avinoff the Professor I.P. Tolmachev
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as curator and Tolmachev moved to the United States. In
1922-1945 years — he is Curator of invertebrate paleontology,
geology and mineralogy of the museum Carnegie in Pittsburgh. At
the same time he is teaching paleontology at the University of
Pittsburgh. During his stay at the Carnegie Museum in Pittsburgh
(Pennsylvania), he has published 68 articles on a wide range of
issues, from the geology of Siberia to the Cenozoic foraminiferes.
In America, he was also engaged with the problems of the petro-
leum potential. I.P. Tolmachev - author of numerous articles pub-
lished in Russia, Sweden, Switzerland and the USA. Under his
leadership, students and graduates of the University of Pittsburgh
assembled important collections of Western Pennsylvania and
neighboring states. [.P. Tolmachev resigned from the post of cura-
tor of invertebrate paleontology section in 1945.

74. Count IvaAN A. ToLstoy (*1923, Baden-Baden, Germany),
marine geophysicist, acoustics physicist, mathematician, Ph.D.
Emigrated after the October Revolution and the Civil War —sec-
ond generation. New York State.

LANDS of EXILE

IVAN TOLSTOY

Archives M. Wiazemsky

Ivan is successor of the ancient princely family Tolstoy. Ivan’s
mother was Maria Pavlovna Shuvalov (*1894), and father - An-
drey Dmitrievich Tolstoy (*1892 — 11963), who was born in Kiev
and died in New York. In his book “Lands of exile” Ivan Tolstoy
very colorfully describes his fate. Summary of the book: “Russian
boy who was born in Germany, parents fled the Bolshevik revolu-
tion, growing in France, experiencing the Second World War
against Germany and two occupations, runs through the moun-
tains to the south of Switzerland, returns to Paris after the libera-
tion, moved to the United States. There makes a successful career
in science professor at several universities, emigrated to England
and eventually visited - poured in Scotland. Life of Ivan Tolstoy
was colorful and rich, sometimes contemplative and thoughtful —
sayd he in an interview with Russian newspaper in Vladivostok
during the Gorbachev era. The journalist described him as a true
citizen of the world.

In France, Ivan Tolstoy graduated from the Sorbonne, then
studied at Columbia University in the United States, where he
received a Master of Geology in 1947, and three years later de-
fended his thesis in geophysics (Ph.D.). Ivan Andreyevich Tolstoy
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and William Maurice Ewing in 1950 for the first time explained
the occurrence of seismic T- waves. In Tolstoy ‘s 1953—-67 worked
as a researcher and director of the Hudson Secretary -ray lab at
Columbia University in the U.S. Later he became a professor at
Columbia University, has taught at several universities. He wrote
in 1981 the biography of the physicist James Clerk Maxwell, cre-
ator of the theory of electromagnetic fields.

Initially, he worked as a marine geologist - geophysicist with the
British structural geologist John Frederick Dewey. These studies
laid the foundation of the theory of plate tectonics. In the late 40s he
studied the topography and hydrography of the north Atlantic and
Mid-Atlantic Ridge, participated in ocean expeditions. Now L.A.
Tolstoy is known among his colleagues as a specialist in marine
acoustics and applied mathematics. Becoming a physicist acousti-
cian, he participated in the development of the theory of electro-
magnetic waves (Very Low Frequency, VLF). L. A. Tolstoy is a con-
sultant in acoustics and applied mathematics for the study of under-
water phenomena important to control submarines and shelf devel-
opment. Ivan Tolstoy lived from about 1979 in Scotland.

75. MAYA IvaNOVNA ToLstoy (*¥1967, New York, USA), marine
seismologist, geophysicist, oceanographer, Ph.D., daughter of Ivan
Andreyevich Tolstoy. Emigrated after the October Revolution and
the Civil War — third generation white emigrant. New York State.

Maya Tolstoy (Personal archives)

In 1988, Maya Tolstoy received a master’s degree in Uni-
versity of Edinburgh, Scotland, and in 1994 - PhD in Scripps
Institution of Oceanography, La Jolla, U.S.A., where she started
his professional work. Since 1998, Maya Tolstoy worked as a
researcher at the research institutes Lamont-Doherty Earth Ob-
servatory Columbia University. Maya - continuer the business of
his father and spend a significant portion of time in the ocean
expeditions to all oceans of the world (more than 27 expeditions),
including under water. Together with other scientists of the insti-
tute is engaged in Maya Tolstoy surveillance and monitoring of
earthquakes in the Mid-Atlantic Ridge, exploration and study of
underwater volcanic eruptions in the Atlantic and Pacific oceans.
This work - helps scientists understand the geological processes of

formation of mid-ocean ridges and the impact of earthquakes and
eruptions on the biological communities that live on the sea floor.
M. Tolstoy - co-authored over 25 scientific papers on marine seis-
mic data. In 2005, Maya can be seen in James Cameron’s “Aliens
of the Deep” , where it is a group of scientists studying the mid-
ocean ridges and submarine fauna.

76. VICTOR V. VACQUER (*1907, St. Petersburg, Russian Empire —
12009, La Jolla, CA, USA), physicist, electrical engineer, geo-
physicist, oceanographer, Ph.D., Professor Emeritus. Emigrated
after the October Revolution and the Civil War — first generation.
California.

V. Vacquer (Internet: ucsdnews.ucsd.edu)

Victor Vacquer parents escaped from Russian during the win-
ter of 1920 and got to Helsinki (Finland), and then moved to
France and from there in 1923 - in the United States. Victor re-
ceived a degree in electrical engineering from the University of
Wisconsin in 1927 and in physics in 1929.

Victor V. Vacquer worked for more than 70 years in science,
was a professor at Scripps Institution of Oceanography in Cali-
fornia (USA). He has worked in the field of geomagnetism in
marine geology, engaged, including the development of new
instruments and geophysical modeling. V.V. Vacquer is the inven-
tor of the magnetometer for the aeronautical and marine magnetic
survey, which led to the discovery of magnetic anomalies on the
sea floor. His models play an important role in the formation of
the theory of plate tectonics. He also made a major contribution to
the geothermal research on seabed. He wrote several books and
articles on these topics. Colleagues, who met with him at meetings
on geothermics in Czechoslovakia, remember his soft but precise
and unusually insightful comments.

V.V. Vacquer has received numerous awards for his pioneering
work in the field of geophysics: the medal “Wetherill” of the
Franklin Institute, the medal of John Adam Fleming of the Ameri-
can Geophysical Union, the award of the Fessenden Society of Ex-
ploration Geophysicists, the Alexander Agassiz medal of the U.S.
National Academy of Sciences for his contribution to the study of
geomagnetism, and tectonics. Victor Vacquer died at age 101.

77. NICOLAS VARLAMOFF (* 1910, Don Region, Russian Empire —
11976 New York, USA), mineralogist Emigrated after the October
Revolution and the Civil War — first generation. New York State.



Nicholas was born in a Cossack family, in the village between
the Volga and the Don. When he was 10 years old, he and his par-
ents fled from the Bolsheviks on horseback across the border.
Around 1923 they lived in Belgium. In 1934, Vladimir received a
first degree in mining engineering in the University of Li¢ge, and
two years later he graduated from the Faculty of Geology of the
University. He began his career in Belgium, where he worked at
the plant for the extraction of building materials.From 1934 to
1960 he worked Explorers in Zaire (then — Belgian Congo) (VAR-
LAMOFF N. 1954), Rwanda and Burundi, Madagascar and other
African countries. He was searching for deposits of rare metals,
diamonds, coal, limestone and cement raw materials. In his work
he applied methods and metallogenic study the propagation of mi-
neral deposits, depending on the geological evolution of the con-
tinents, was a supporter of the theory of catastrophism. De Dicker
in 1947, he conducted analytical work collected Varlamov collec-
tion set a new mineral species holomorphic rare cassiterite, call-
ing his name Varlamov - “Varlamoffite”.

In 1960, Nikolai Varlamov was forced to flee with his family
from the Congo by rebellion against the indigenous population of
the Belgian administration. For two years he worked in Chile ,
studying minerals in the desert attacks. From 1964 to 1975 he
served as adviser to the United Nations (UN ) in New York on
mineral exploration in Africa and Madagascar. In 1971-73 Varla-
mov has described pegmatites of Central and West Africa , their
relationship with the granites, as well as the dependence of miner-
alization faulting African platform .

N. Varlamov lectured at Queens College in New York (ALEXAN-
DROV E.A. 1975): and is the author of 43 articles, mainly on depo-
sits of rare metals. During his lifetime Varlamov held senior chief
engineer and director of mining companies, owned four languages,
including Swahili, was a member of the Académie Royale des Sci-
ences d’Outre Mer and seven geological and engineering societies.

78. IMMANUEL VELIKOVSKY (*1895, Vitebsk, Russian Empire —
171979, Princeton, USA), cosmogeologist, doctor, science fiction
writer. Emigrated after the October Revolution and the Civil War
— first generation. New York.

I. Velikovsky (Internet: jimpoz.com)
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Immanuel Velikovsky, one of the most interesting and best-
known theoritician in cosmogeology and the origin of the solar sys-
tem, is born in Belarus. He published his theories in the form of pop-
ular books available in a wide range of reader that has brought them
a lot of popularity, especially in the west. Immanuel came from a
wealthy family of the famous scientist - Hebraist (scientist studying
the Hebrew language, writing, history, culture) Simon Yehiel Veli-
kovsky (*1859 — $1937) and Bella Grodenska. Immanuel studied
law and ancient history at the University of Moscow, medicine - in
Moscow and Kharkov University, and received his medical degree.
Moved in 1921 to Germany, he worked in the Berlin hospital
,.Charité¢“and in Zurich (Switzerland). In Germany, he founded the
Berlin scientific journal “Scripta Universitatis”, where Albert
Einstein became editor of mathematics and physics. From 1924 to
1939 he worked as a doctor and psychoanalyst in Palestine. In 1939
Velikovsky and his family went to New York (USA), where he
remained in connection with the outbreak of the Second World War.
In America, he maintained close friendships with Albert Einstein,
with whom they discussed their theories. Velikovsky formulated
aspects of his own cosmo - geological theory of catastrophism,
widely known, but rejected by many scholars. According to L.
Velikovsky, the solar system was formed gradually, planets colliding
with one another, and changed orbit. He believes that the last great
cataclysm in the solar system occurred during the history of the
humanity, proving that with the similar myths in all ancient reli-
gions. I. Velikovsky - author of science fiction books ,,Worlds in
Collision”, “The years of chaos®, “Earth in the coup*“(1950-1955),
etc. and in them, he put forward his cosmological hypotheses.

79. GEORGE M. VESSELAGO (*1892, Kronstadt, Russian Empire —
71971, Menlo Park, California, USA), engineer in oil company.
Emigrated after the October Revolution and the Civil War — first
generation. State of Pennsylvania.

Veselago George graduated from the Marine Corps in 1911,
was promoted to midshipman, became an officer in the opera-
tional headquarters of the Black Sea Fleet, and participated in the
First World War. In 1915, during the Dardanelles operation, he
was a liaison officer at the headquarters of the chief of the Allied
squadron. As commander of the destroyer “Jarky* on the Black
Sea Fleet , was dismissed at the request of the revolutionary
sailors . In 1918 he collaborated with the new government, serv-
ing in leadership positions of the fleet in Murmansk. Since
October 1918 G. Veselago was under investigation of the White
Army as an “agent of the Soviet power.” With the help of the U.S.
mission in 1919, he left Murmansk, moved to France, where he
represented the Kolchak government. In January 1920, he emi-
grated to India, then to Mexico, and later moved to the U.S.,
where he lived in Philadelphia, worked as an engineer and man-
ager. In 1921-1925 serves in the Cortez Oil Corporation, in
1926-1954 works as engineer in the firm Day and Zimmerman, in
1954-1964 - in the company of Edward N. Hay and Associates,
Inc. During the Second World War was lieutenant of the reserve of
the American Navy. We have no more information about him.

80. BAsSIL B. Zavoico (*1899, St. Petersburg, Russian Empire —
71975, USA), petroleum geologist. Emigrated after the October
Revolution and the Civil War — first generation. Oklahoma, Texas,
California, Louisiana, Michigan and New York.
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B. Zavoico (AAPG Bulletin)

The great-grandfather of Basil was Admiral Zavoico (*1810 —
11898), a Ukrainian born in Poltava , known in Russia, especially
in Kamchatka and Amur, as hero of the defense of Petropavlovsk-
Kamchatsky, and Governor of Kamchatka. The father of Basil was
Vasily Stepanovich Zavoico (*1844), and the mother - Sofya Za-
voico, died in St. Petersburg. Basil studied at the Moscow Institute
of Technology, and in 1917 he emigrated with his father and
brother Stepan (his mother had already died) in the United States.
Basil continued his studies at MIT. During his life (GRANDALL K.
1976) he lived and worked as a geologist in many U.S. states:
Oklahoma, Texas, California, Louisiana, Michigan and New York.
Upon graduation, he worked for four years as geologist in the
Sinclair Oil Company. The next eight years advising businesses
on geological and economic issues. In 1929 he published the
results of research on the geology and water supply of the city of
Oklahoma. Since 1936 he is geologist and economist in the oil
department of the Chase National Bank. Since 1943 held the post
in the administration of petroleum industry of wartime, then until
1960 he was a consultant. Also after 1937 Bazil Zavoico collect
and analyze data on the oil fields of the USSR, releasing in
America regular status summaries of exploration and production
of oil and gas in the Soviet Union. B. Zavoico was member of sev-
eral American oil and geological professional societies, an active
member of the Society of Russian engineers in the United States.

Conclusions

We have information for 81geologists of Russian origin, which
are working or work in the United States of America. N.B. Periods
of emigration: ! — before the October revolution or their descen-
dants; 2 — between the October revolution and WW 1I or their
descendants; 3 — after the WW II.
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Annex

Participation of the geologist of Russian origin
in the different states of US

Alabama: 0

Alaska: 9 - MiCHAEL CHURKIN JR.2, VADIM LEVIN3, PRINCE NIKITA
D. LOBANOV-ROSTOVSKY2, SERGEY S. MARCHENKO?, SIEMON WIL-
LIAM MULLER?, INNA VITALIEVNA POIRET?, VLADIMIR E. ROMANOV-
SKY3, LEONID S. SMIRNOFF3, TAISIA MAXIMOVNA STADNICHENKO?Z;
Arizona: 4 - ALEXANDER ANDRONIKOV3, IRINA ANDRONIKOVA3,
ALEXANDER BELOUSOV3, ALEXANDER STOYANOW!;

Arkansas: 1 - EDWARD JOHN DWORNIKZ;

California: 18 - IRINA ARTEMIEF3, BORIS V. BRAINIKOVZ, MICHAEL
CHURKIN JR.2, CHARLES AUGUST FELDVEBER / CARL TANNER3,
PauL P. GOUDKOFF2, ANGELA S. JAYKO2, GEORGE P. KANAKOFF2,
VITALY KHALTURIN3, IVAN KULAEVZ, SIEMON WILLIAM MULLERZ,
VLADIMIR JOSEPH OKULITCH2, NIKOLA P. PROKOPOVICH3, JOSEPH
RuDOLPH2, ANATOLY 1. SAFONOV2, ANATOL JAMES SCHNEIDER
(OV)2, VICTOR V. VACQUER2, GEORGE M. VESSELAGO2, BASIL B.
ZAVOICO?;

Colorado: 4 - VADIM A. LITINSKY3; FELIX PERSITS3; LEONID S.
SMIRNOFF3; TAISIA STADNICHENKO?

Connecticut: 1 -DiMITRI PAUL KRYNINEZ2.

Florida: 3 - WACLAW STANISLAVOVICH FEDUKOWICZ3, SERGEI
PISAREVSKY3, VLADIMIR P. SOKOLOFF2;

Georgia: 0

Hawaii: 3 - ALEXANDER N. KROT3, ALEX (ALEXANDER E.) MA-
LAKHOFF3, VLADIMIR JOSEPH OKULITCHZ;

Idaho: 1 - VLADIMIR DAVYDOV3;

Illinois: 1 - STEPHEN MARSHAKZ;

Indiana: 1 - JosepH RUDOLPHZ;

Iowa: 1 -JOHN A. LEMISHZ;

Kansas: 0

Kentucky: 0

Louisiana: 2 -LEONID BORISSOVICH LISTENGARTEN3; BasIL B.
ZAVOICO?;

Maine: 1 - JACK JOHN SEPKOSKI JR. / J.J. SCZCEPKOWSKI JR.1;
Maryland: 4 - MARK G. LEYBSON3, SIEMON WILLIAM MULLERZ,
ANATOL JAMES SCHNEIDER (OV)2, VLADIMIR P. SOKOLOFF2;
Massachusetts: 0

Michigan: 4 - Boris AVDEEV3, JOHN A. LEmisHZ, DONALD (DON)
ARTHUR (ARTUROVICH) MEDVEDEV2, BASIL B. ZAVOICOZ;
Minnesota: 0

Mississippi: 0

Missouri: 0

Montana: 3 - JOHN ALEINIKOFF2, Prince NIKiTA D. LOBANOV-
ROSTOVSKY?2, JACK JOHN SEPKOSKI JR. / J.J. SCZCEPKOWSKI!;

Nebraska: 1 - MAX ELIASH (ELIASHEVICH)?2;

Nevada: 1 - MiCHAEL CHURKIN JR.2;

New Hampshire: 0

New Jersey: 1 - GEORGE THEOKRITOFF!;

New Mexico: 1 - JOSEPH RUDOLPHZ;

New York: 18 - JacoB L. DELEVSKY!, NICHOLAS ANTONOVICH
EFREMOV3, WACLAW STANISLAVOVICH FEDUKOWICZ3, XENIA G.
GOLOVCHENKO?, PauL P. Goupkorr2, Louis Husakov / Lours
HOUSSAKOFF!, WENCESLAS S. JARDETZKY2, VITALY KHALTURIN3,
ERVAND GEVORG KOGBETLIANTZ2, STEPHEN MARSHAK2, ARTEM
ROMAEVICH OGANOV3, RHODA RAPPAPORT2, SERGE A. SCHER-
BATSKOY2, COUNT IVAN A. TOLSTOY2, MAYA IVANOVNA TOLSTOYZ,
NICOLAS VARLAMOFF2, IMMANUEL VELIKOVSKYZ, BASIL B. Za-
VOICO?;

North Carolina: 0

North Dakota: 0

Ohio: 1 - CAPTAIN EUGENE H. DE HAUTPICKZ;

Oklahoma: 5 - ALEX MARK ALEXANDERZ, MAX ELIASH (ELIASHE-
vicH)2; JosEPH RUDOLPHZ; SERGE A. SCHERBATSKOYZ; BASIL B.
ZAVOICO?;

Oregon: 0

Pennsylvania: 6 - ALEXANDER BELOUSOV3; CAPTAIN EUGENE H.
DE HAUTPICK2, ERVAND GEVORG KOGBETLIANTZ2, PAUL DIMITRI
KRYNINE2, INNOCENT P. TOLMACHOFF2, GEORGE M. VESSELAGO?;
Rode Island: 0

South Carolina: 0

South Dakota: 1 - JACK JOHN SEPKOSKI JR. / J.J. SCZCEPKOWSKI!;
Tennessee: 0

Texas: 11 - PAUL S. DVORKOVICH!-2, STEPHEN 1. DWORKIN / STEVE
DWORKIN!, MAX ELIASH (ELIASHEVICH)?, P.V. INGERMAN3, S.
MARCHENKO2, DONALD (DON) ARTHUR (ARTUROVICH) MEDVE-
DEV2, BARON GEORGE VON MOHRENSCHILD2, JOSEPH RUDOLPHZ,
VIACHESLAV NICOLAS SOVINSKYZ, BASIL B. ZavoIco?;

UtaH: 2 - JouN A. LEMISHZ, JOSEPH RUDOLPHZ;

Vermont: 2 — JOHN ALEINIKOFF2, GEORGE THEOKRITOFF!;
Virginia: 1 - STEPHEN EUGENE DWORNIK!;

Washington: 6 - STEPHEN EUGENE DWORNIK!, EDWARD JOHN
DWORNIKZ2, INNA VITALIEVNA POIRET2, ANATOL JAMES SCHNEIDER
(OV)2; TAISIA MAXIMOVNA STADNICHENKOZ2, LEONID S. SMIRNOFF3;
West Virginia: 1 - CApTAIN EUGENE H. DE HAUTPICKZ;
Wisconsin: 1 - BASIL TIKOFF?;

Wyoming: 2 - SERGUEI GOUSSEV3, JACK JOHN SEPKOSKI JR. / J.J.
SCZCEPKOWSKI!.

N.B. Periods of emigration: ! — emigrated before the October rev-
olution or their descendants; 2 — emigrated after the October
Revolution and the Civil War and their descendants; 3 — emigrat-
ed after the WW IL.
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