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Geochemical proxies of the gryph

i n East Azerbaijan: regul ari ti

of chemical el ements and spati al

El nur Balogl anov
Researcher of Department of Mud Volcanism,
Institute of Geology and Geophysics, Ministry of Science and Education Republic of Azerbaijan,
119 H. Javid Av., Baku, AZ1143, Azerbaijan,
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ABSTRACT

The paper is devoted to the study of the patterns fofl2di str
active mud volcanoes |l ocated in various oil and gas goegi ons
the chemical el ements found in gryphon breccia sampligas omasve
and sedi mentation areas to be determined.

Purpdée. main goal of the study is to conduct geochemical
regions, determine spatial patterns, achieve theiioaxplfamatdi

sedmnme.
Met hddhe. chemical composition odnauyzeds$& ahin@E ROnSsdpaicdsr sPamep |

and an AAgi | etS 07 MaG sS esrpieecd rloCRet er. Based on the results obt
modern approaches based on geochemical interpretalbi eacwaseaune
with the results of the published |Iiterature on the developm

ResuSamples with the | owest Si content are characteristic
nary) deposits are recorded. In samples from these mugdh vol c
cont emt sarcef chharacteristic of volcanoes | ocated near the Casftg
as Li, Ga, Rb, Zr , Mo , Cs, Pr, TI Pb, Th, U and ot her s, but

Concl uBliaoqiistictlasgsource «domksaaded prygebasin environments p

of breccia deposits belongi®@Gaodloemihealmuglr il €esanmaelke oift Apes dial
tions of the formation of the gryphGentbral ewitadhbodthdetmh e omao $ th emd
especially in comparison with some volcanoes of the Leower K
Caspian Sea and relatively close to it. The breccsaas bDdumdar y
and in the steepest northern part of the Lower Kamaearleoastse
the south of this tectonic zone (subjected to i nt egnesoel osguibcsaild
factors.
Keywogrdysphon breccia, chemical composition, regularity of

I'n ci Basoglanov Elnur (2023). Geochemical proxies of thedigrnyplhanilk
of chemical el ements and spatialNchkKharnazieni Khackiypf S®teidemaIi GCamil o@rys
Ecol ogyl,7ht(t5®9:/ / doi . 4 3@WMIDBIDA6565/ 2410

I ntroduction and Gees édggenocchh esmtiactauls and mi ner al ogi
cal study of the gryphosnhowdad tma&kte,s 9d fpars,sitbhH e g wt
veal some features of teessedathbheeregal welltyaoftad
struct their initial mi tntee ag oygpltah boeposati whi ah
mati on conditions. Backvaoalncameed 9B80cat ¢thsi mif didizgfee |
geochemical porr oyppenrotni ensu boafi pthmet hieel onging to di ff er
vol canoes of Azerbaijani dreaphioctheftake Thhpattir abhedi
first used as a therapdithtei deprosgtsS5t hatnfoemedtt
sever a studies have beemowaghri Bhli sust odytihe hbhasec
mi ner a zation odf twvhel odaaygdesmn mbde v oi aanoes in 201
regi st ed in East Azerpdeisj averje3ftakas Wwebdbi act iowne

udy : 7 8 : 15; 16;t oIn7i;c 1A8Bd niend, cnhaedndi bcitadh @ gdhd mp o
rfa as a result odft uei ept i ofirhe, candocdéedgsttu
Y20 9t ydzZNE HAaHO

Ty 1T

Thiswork is licensed under a Creative Commons Attribution 4.0 International License

i

Cc
Ft23¢

st
s u
6



https://doi.org/10.26565/2410-7360-2023-59-01
https://удк.xyz/widget
mailto:b.elnur2016@gmail.com
https://orcid.org/0009-0004-3620-0052
https://doi.org/10.26565/2410-7360-2023-59-01
http://creativecommons.org/licenses/by/4.0/

| SSN Z85BI0 fnded S MmOt ' oaf! Stsats dzOY "' "tsgOd¥ ddts.cits. oD to Qus'indfd j Is iz

ssess the distributiorrhe Institute of Geol®giynal
onic zones and to deteistry of Science and dBEduicoa
he deposits that form Azerbaijan. After drying ¢t
Materi al anSda mpmé telsodwsenace at a t e@npetrhag uarnea loyfs ils

from 12 mud volcanoes oxides was carried outGon ¢
bustan and Lower Kura a@", and trace el ement-d gon 1
The sampling of volcanil GRAS" mass spectroméSerautw
plastic containers, whisolid samples have beteaddi
chemical resedrech Cleamtb®ent i on of the sampltdéds awans xd¢ a
|l ective Use of Analyticnitric, hydrofl ugmii @ memd " p ¢

CASPIiAN
SEA

60 km

E Mud volcano

Fig. 1. Location map of the studied mikKi ¢lil k anoe
MereZi8hekRi khanAghoamp,B8pupnt dkesnh giBhahaiétDevieboynu,
iPil-GatadaBbyul® HeirvamiddiBOrovdabbzdagh
Geol ogy and tectonicshaal gwenreawail nesveanwd ehmal | 0o w:
Mud volcanoes Kichik Mem@zeThecabkbdann Cesntrxlat@ad-
bustan (Bayanata microlcllamka)l el o h@ MoshkamiLro waemnt

Mi ocene, but Sheki khan,t sAgkFdgm, 2)Ay[ra;ntlok]le.n,
Dashgi l and Bahar are r egdglihsBtachraerd mud Ssotl ba@alewds t5a

(Toraghay microbl ock), sasuwkerWwWéstasott hRaknw,d & od mmamar
of t he Kaowa (Boyuk Heretmat i o‘rm,ndem et hdushores of
rovdagh and Duzdagh), naltet enccitghtt oé Pheoweheann
Quaternary deposits [ 2;vadlodanic edifice is 1.75 x
Bel ow is a brief descirsi p4tsi om. dfha tcioetsti sl sc @F h enu a
vol cano for each regioncia cover is 143.8 ha, t he
Thiki chi k Mereze smuddbcwde,erdtaeBd i s 70 m, al ong the e
km west of Baku, on theoltemanofia Imoocatadni wittte ar
absolute height of 600 AM-BeThhiez weosltde,r nwthdn recd nveesstith ente a
sl opes of the hill ar ewss teasnduidimedades tt lde r ect i bp@sn
eastern slopes are genttikre ffThledsi ospkermed beog-veéehed
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Fig. 2. Geological map of the Kichi k Mer
ne) deposits, and tAeh-lwi mihs Shreki kbamed cbynt ahe hi
chagi (Pl'i ocene) and ®&mbmd hAlr.onSadepd essi twi t hQuhe ek oo
nary) . The fold is compleirdasttdd by ttthreed olwemg iKtuu @i
and transverse faults. ybhhemgestcdm@uaier hacpjedepo:
junction of a central Rehgitiwvel yahi §laudc o n teobath -sa otf
verse fault separatilnagpi-lhee iAd atth e esd mp laensd dXa sthhgei s e
lifts (Fig. 3) [2; 10] .also characteristic of thos
ThBurovdag mudg walec @afGashpi amos3e a. The indicator.
active -Jalrsyephaoent i vity) eokeammesgi nhehsgtasdueth samp
of Azerbaijan. It is |l odamedoflé6akm. sdbheheasmpheéefafnsl
of Salyan. The rel ati vet theigrmal |iesA@ Sb6nmd 6nttdh)eo fa nIti ed
edifice is 1 x 0.8 km, amdunthCeo(fdlithase2t &5 (osfe et Hfa bd re
1 km. iMdolbcreercci a has an arMaa ofol54da nhoae,s aonf atvheer -L ow
age thickness of 60 m® nedgdi anyvol amat ed S8LOomeéelt | i ont
[ 10] . Thi s vol cano i s meoaseduah asheLii,nt@a,s eRn,i o
l ongi tudi nal and tr ansvlerasned fod uhletrss., /Acucto radrien gd etpd
seismic expl oamstvierns ed aftban | s#dmbt ttirohe hi gh concentr
nort hwest and sout heastCsof Ptbhenwdolsoaneo os dpar atr act
Durovdag area as an indtependampl esctboenion ghIingc k o FK
ure 4) [10]. ki khan. Ni and Sr are | ess
Results andhdi ebttasneldnraeddi tsoaonto U, an exces
chemical compositions maked iitn polssi bhmplte frreorme at
some regularities in t etrkaesn ofr ogre AAlgcdhgliacra Imusdt rviwod tcuarn
space. Thus, the breccicaesntorfattihoen sKkiodhiNdk Merde Bea , md
vol cano, |l ocat ed in the TeketRhAI SrtGobaustRn/ Ba-orgettih
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Fig. 3. Geological map of the Bahar mu
t i memt ween mudvolcanic bfe@tci ahsedi madnss laner@mltar e
gi ocrliacshe parent rocks (rmemtus ebr50ughwhiicnit oi ¢ heomal €
sidered [ 4] a characternstihe feamateomfoft hMi ddlie
sources of rCerho zseidd nelnasyh ail e st Hel 14t wudy h in organi
regi on. Among the gener®| By i mm&entealseandedad wt he
| ogiacrmapll ess , the parent r oTCtkes aonfalsyosmes od mpnlag ©r o0 X
especially the protolithadodf ppbetKoehok tMee epal enu
vol cano brecci a, show a@a omdme matocceasrehndl2 Trhud v
probably due to the hifgéreegntc.onTthriisbuitsi oomandff edppdr
Mai kop sedi ments to t hevoflocramaot,i owh iocfh tbhed obnrgdsc ctioa ¢
thid wmal cano. The resulas ofnstSheike Kk haar, r ivehd cohutbal
[ 9] shows that the pr otboulsittahns. offhes dme alUp zart i Mai lod
oi l shal es, containing vmdrcanpearkKibRo ¢t deadiha mO )i g
having more mature featluoves usn Cenatali Bobaestaei a
associated with granitinorseouaacretsi.nemtodlheseti nit eg es
i ssue relates to the hwghédr vdl cahoes I onpcahedAghd
and Sheki khan samples- (Sadl eTRBUs, whicbnpncl ukeoKi ¢cBhi
Mer eze, are separated ffIrwenncoet hoefr tshaempraersi nien eh e
Rb/ Sr vV S. Rb/ Ba ©plot. oFfThe her ¥srederad,i obu zalfaghagd
amounts of-rUchnrocganicaint sbel cexegptlead nieml t he deepest
by rndilee of U | eached fr &mat.uflfratceeropurse tratcikeangenet at
ically associated withcampnogiet iaocni dafc scaommpploessi tfi roa
This idea is consistentsuwiptohtthdi sohdlkeasi on made
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Fig. 4. Geological map of the Durovdag
Table 1
Oxides of major elements determined in gryp
Mud vol Si.QTjf2| Abs|Fefs|FedMn[ |[Mg[ |Cd |[Na[ | Koy |Pas
Kichik |54.|/]0.616. 3.8 2.50.03.593.92.73.30.1
Sheki k54.|/0.6 15. 3.2/2.7170.02.83.13.43.00.1
Aghdai136.|0. 4 11. 2.1 2.00.02.52.59516.|2.20.1
Ayrant|52.]0. 5 12. 2.42.90.12.88.23.62.00.1
Dashg|51.]0.512. 2.9 2.20.02.57.05.32.20.1
Bahar{51./]0.512. 2.4 2. 7170.132.597.94.62.10.1
Devebo49.|0.513. 3.3/1.90.132.78.93.12.70.1
Pilpilesg 0. d13.| 3.4 2.30.12.78.43.22.20. 1
Gar adg
Boyuk KH49.]0.512. 2.6/2.50.12.88.34.81.90.1
Yandet45.|0. 6 12. 2.8 2.70.13.48.05.52.1270.1
Durovd 42.|0.5 11. 1.82.660.03.06.99.142.00.1
Duzdag¢45.|0. 5 12. 2.8 2.30.03.48.g6.32.00.1

=
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Tabl e 2
Trace el ement composition of gryphon brecc

o =N = - - o = o — ~ £ ° S <
o c < o — = c - © o a® S o = > =
T o O X - © o < ) ® > _ o o °
e Bo -2 = I R S - I R - R =
() 0 < <>E~ (@] A ) T > a o
Li 65,160, 46, 438,149,139, |53, 43,937,137, (133,|360,
Be 2,3 2,1 1,5 1,5 1,5 1,4 1,9 1,6¢1,2 1,7/ 1,5 1,3
Sc| 16, 15, 11,413, 12,913,| 14, 15,114,115, |13, |13,
\% 189, 232,151,126, 130,225,136, 139,{125,134,115,126,
Cr |112,103, 78, { 83, 79,179, 86, 87,985,103, 97,110,
Co 15, 16, 12,7 16, 15,315, 17, 16,915, 17,15, |17,
Ni 4 2, 56, 39,( 60, 53,151, | 54, 57,458, |74, |75,|89,
Cu 32, 53, 34, ( 44, 45,041, | 44, 43,1739, 43,38, 40,
Zn 98,1105, 72, (73, 78, 174,| 90, 82,874,180, |75, |71,
Ga 19, 18, 13,1 13, 14,114,116, 16,2113, 15,13, |13,
As 14, 18,11, (13, 14,313, 14, 14,611,110, 13, |13,
Rb|154,127,94,(77,1 87,178,113, 87,372,183, |74,|72,
Sr|185,/242,186, 344, 351,/342,389, 331,431,414 ,407,467,
Y 19, 18, 14,016, 16,915,118, 17,215, 15,14, |15,
Zr {125,110, 86, | 81, 85,172,100, 96,371, 83,64, |71,
N b 10, 0
Mo 10, 7
Ag 0, 2 2
Cd 1,3 6
Sn 2,4 6
Cs 8, 2 2
Ba|285, 380,
L a 26, g
Ce| 67,461, 9
Pr 6, 3
Nd 23, )
Sm 9| 4,6 4 8 0 7 5 1 7 1 6 7
Eu 1,0, 0,9 0,7, 0,8, 0,8, 0,8 0,9 O0,9¢ 0, 8 0,9 0, 8 0, 8
Gd 4,2 3,9 2,8, 3,3 3,5| 3,3 4,0 3,74 3,4 3,6/ 3,1 3,3
Thb 0,6 0,6, 0,4, 0,5 0,5 0,5 0,6/ 0,6¢(0,5 0,5 0,5 0,75
Dy 3,6 3,5, 2,6 3,0/, 3,0 2,9 3,4 3,24 2,9 3,1 2,7 2,9
Ho 0,74 0,6, 0,5, 0,6 0,6 0,5 0,6/ 0,64 0,5 0,6l 0,5 0,5
Er 2,1 2,0 1,6 1,7 1,7 1,6] 1,9 1,81 1,7, 2,0/ 1,6 1,5
Tm 0,3 0,2 0,2, 0,2y 0,2 0,2 0,2/ 0,2¢0,2 0,2 0,2 0,2
Yb 2,1} 1,9 1,5| 1,6 1,6 1,5 1,9 1,71 1,5 1,5 1, 4 1, 4
Lu 0,3, 0,3 0,2, 0,2y 0,2 0,2 0,2, 0,2YY0,2 0,2 0,2 0,2
Hf 3,3, 2,9 2,1, 2,0, 2,2 1,9 2,6 2,4 2,0 2,1, 1,8 1, 8
Ta o,8 0,75 0,5, 0,5, 0,5 0,5 0,6/ 0O,5¢0,5 0,6l 0,5 0,75
W 2,4 1,5 1,0 0, 9 1,1 1,0 1,5 1,0¢ 0, 9 1,1 1,0 0,9
TI 0,6, 0,8 0,4 0,3 0,4, 0,3 0,5 0,30,3 0,3 0,3 0,3
Pb 20, 17, 11, ¢ 14, 14, ¢ 13, 16, 15,112,114, 12, |12,
Th 11, 9, 5| 6, 8| 6, 7,2 6,5 9,2 7,2¢{6,7 7,4 6, 9| 6,5

2,4, 4,5 3,0 2, 2,2 1,6|] 2,9 1,9 1,5 1,8 1,7 1,7
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Fi ghABIFO diagram showing the spatial di stributi ol
of mud volcanoes (diagram boundaries are pi

As can be seen from Tdaebpdoesi2t,s ,Babuatndr eSratarvee ltyhd ¢

trace elements found i s8othet edsnmwl taler dinasnidt hen | ar ge
amount. The amount of t[h6els.e Tenlee mean teso btaasd nd icfofnalri d n
values for all studi ed tvwvel cla2n osetsu.d i Hadw envuedr , v oal nc ainnot

esting genetic typomor prhelsat iien Dlbise r wietddh o mfhierhreeed ab
raovs. As i's knownSr iswhttieindgiAAopedi hgcamBan terms o
tion occurs in most mineframajoi nel @ecié mgs BaAF{( gar ee |
i n-cSoent ai ning compounds sabheppesdirey acedt he t &tei onud
0 these two el ements iShekinkhmemnr,albyredam,geamd e co
c nges [12]. Thusj nar lvigthhs Strii 8 as eattiamd rafmai he oha
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Pil-atadagh, and especifadrmatYaoneof kmelc Biog ulkel 0 n

Her emi , l ocated in theodoAzlerbdbfi i be (Bwgur Ku8a., |
wel | as the mud vol canoseasmpD uerso vrdea gaht eadn d oD u zhdea grtu d
of the same region, | o caatee dp arl toisceuw| atrol yt hei fbfoeaurnedmtr
of the modern sea, showkiakbannaodi Aghdamhmulde vmadrci
environment . tiwnth paleobasin conditio
The V/Cr indicators otfi vtehley slaenspsl eosx ypgoeinnatt etdo. t he
domi nant r orliec ho fe novxi ygpenmeSame ionf the obtained r est
Sr/Ba
& £ 2 £ -
< (] B N =] i [
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Fig. 8. V/Cr plot showing paleoredox condit:i

tion of the paleobasinddpesrve atetengiag. tDhudsi,ff
f act t hat t he Boyuk Herceommit rainbdutYea ntdoe rteh,e I[foocrantaetd oft
from the modern mserat homgfneeisy, Tihre tthhd clkames sc oowfer t |
Lower Kur a, and the volcoarsdead oafr etaltse bsea noen gri enggi otno
| ocated no far f rom -t hLeo wreord ekrunr as edae, p rsehsosw oan ¢ osn md
tion with marine sedi maeminssirsacguiofedNeegpil®na tid ovp o L
our opinion, this can neovser ,| itkheel yt hbiec kenxepslsa ionfe d hbey
geol ogi cal age of t he degsosdft st hheh avt o Intaadreo eusp bt ehleo nce
position of t he brecci muamdl & he; dtehpetrhe fmfr et h e hmu
chambers under the mud ovlodecrandepso s iltts ,i sP a&lneoongne nteh,a

™ Pt



gite'w c)jtsdzse’ w. ) iZ0e@W'BME f Cdzse’ we,

OO0 7rs " —O0O 4+ O+ DoOoOTQUMNOOmWMWO ~—NDOD+TFTOT O ™
T "TNHLO0OO0OYPOMDMOSTYYO T XITTOD™T T PTCSOFLPSITTTODODC @O

r
a

N

rmati on of breccias WMelrergegi mgdt oot base Ivnd atasdd |
nnot be ruled out [ 9]of IGobwettaakd iinnttd ea cacroceuarst
blished results of stmantess arfe thper gad)atd @omtsaii ps
ne deposits with the wietahi BhE&skhAner HaigiharCa[ 1 3;

e correctness od douubttoe@nd uscatmed snbayonhhe Caspi
e other hand, when st udPlialgi-ovicotllacsagnoouersc ew i+t chenkdsi f af r
t mor phol ogi cal c har acntaetreids tpiaclse o biats i wma se nfvo u roch mj
] that the depths of tphrd mlagiymantuidom hambér €cicn ac a
al mud volcanoes-t appependgdeaodlcandan ofn Afzleatbai j ar
es. I f we refem we saolescpamieah,prtdxies make
me that the initial phad mmearass i mf @dddiftoiuonsvobt€arl
the Lower Kura,-liwhechopphongbreocphadepwsits o
noes, are relatively Soubbern oGalhes teaabetrhe' zigec, | swid of

nce the brecci as st ucdaiteedd bywn @enthbredlon@obtust ahe
yphon (and notptihen ) rtoiidiugc,¢t hapsfg ebchieaolmmp ar i son wi t h
assumed that mud redfatede tbowére Kurianar g§s mwel |
amber participated i nshtelreinr, fl ®mrcradateidomont ¢ ha ghe:
tent. Approaching fromeltdtisveloy nel @wfe vi@wi,t t he
i bution of deeper deposTihtes ftaoc tt htehdtortmad i lbme odi
as of mud Vv ol csaonuotehs otfactalleedt i @a rtdleati vely | arg
wer Kura, in the coassead lownmredarwheard tihre tstea i gnte
ry layer i quite thilLcokwerc &Kmurlae acenaisderceéeadt mdni
is means t t the rolaeeobr Eociease dfepmsd t wdl deerc
nected to he sea [18jsl4kctoni ¢theonef o¢smbj o
s, and t hi seri nffdruewaliedaveatse ahisghhor t di stance fr
ed in the steeper nodruteh toof gtehhilogarcad. f However ,
t that the sedi mentsthaotr:mel) btyheé hehbckoesasobf
canoes | ocated in thkedmpptdesinor opaKalr aopf rdtdseesa
er Kura were deposi tzanea)hdies antmocuitne2Cokhm, thahnf
not at mdiln diesnsiveed .i sTahtede Qexaplanaryodeposits,; 2]
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Concl uGsoinoppna.r ed t o t he( Rreulde ovgoelncea)n ockissmasi 63 o M
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Fig. 2. Tectonic position of the Ukrainian Shield:

17 outcrops of Precambrian rocks under the basement of CenoZoRal2ozoic sediments;i3Mesozoic sediments;

4-71 area of Laramie folding: # outer border of Laramie folded area; fold axes of Mesozoic sediments: anticlinal

(red) and synclinal (blue); 6the approximate border of the middle massif and the direction of the slope of the sediment
cover on it;7 T thrusts and melange zones of the Laramie a@jeje8gence of Laramie tectonic movements;the outer

border of the Attic folded regioof the Carpathians; Ii0placement of geological sections shown in fig. 3 and 4
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Fig. 3. The northern border of the Laramie folded region [26]:
17 Laramie folded region; 2 mapping wells. The vertical scale is increased relative to the horizontal by 40 times.
Placement of the sectidnin fig. 2.
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The position of this seismigeological section is shown in fig. 2. Eocene and younger sediments are marked in yellow.
Signed names of anticlinal folds. An angular unconformity under the Eocene basement is clearly visible
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Tectonic position of the Ukrainian shie

Sergey Goryair

PhD (Geology and Mineralogy
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V. N. Karazin Kharkiv Na
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ABSTRACT
Statement of the general problemThe analysis of the geological structure of Europe indicates a wide development
of Laramian (posCretaceous pre-Cenozoic) deformations in nehlpine regions. They are traced by the regional an-
gular unconformity between the folded Mesozoic and-fodsied Cenozoic from the Caspian Sea to Great Britain. The
area of development of the Laramie folding of Europe also covers the Ukrainian shield.
An unsolved part of the overall problem The Ukrainian crystalline shield is described as "uplift of the crystalline
foundation of the East European platform", where Precambrian rocks come to the surface. But the same rocks can also be
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traced far beyond its borders. The question arsghat structural position does the Ukrainian shield occupy in the
structure of the Laramie folded region?

Analysis of recent research and publicationgOn the geological maps of the ptenozoic formations of Ukraine,
the northern border of the Laramie folded region can be traced along the Cheysyihansk line. Mesozoic folds and
an angular unconformity in the Cenozoic basement disappear furthler Tiorthe south, the Laramie deformations in-
tensify, but unevenly.

The purpose of the articleis identification of modern structural position of Ukrainian crystalline shield.

Research materials and methodd\ere involved more than 120 geological maps of Ukrainian regions and author's
digital geological model of East Ukraine.

Presentation of the main research materialA band of Mesozoic folds and NW vergence thrusts tens to hundreds
of kilometers long is developed immediately south of the border of the folded region. The amplitude of the faids is 1.5
2 km. The band of development of these folds and thrusts with a efidthout 100 km limits the Ukrainian shield from
the northeast.

To the south of the Ukrainian Shield, on the shelves of the Black and Azov Seas and in Northern Crimea, a sub
latitude band of Laramie thrusts and folds with a width ofi 280 kilometers has been established. Amplitudes of thrust
folds reach 12 km, ampliudes of separate thrusts rea¢ch@km. This band of folds and thrusts limits the southern slope
of the Ukrainian shield from the south. These Laramie folds and thrusts are overlain by Cenozoic sediments.

To the south, in the Mountainous Crimea, the deformations are still intensifying. Folds and thrusts are replaced by
wi de and extended m®|l ange zones of northwestern vergen

The Ukrainian shield is bypassed by the development of folds and thrusts from the northeast, east, and south. On the
slopes of théJkrainian shield, Mesozoic fold deformations subside, and the Mesozoic there lies gently sloping and mon-
oclinally. Such poorly deformed blocks within folded regions are called middle massifs. This middle massif of the
Laramie fold region within Ukraine has anteclise structure. In the core of the anteclise, Precambrian metamorphic and
igneous rocks emerge from under the sedimentary cover. The western wing of the anteclise is overlain by younger thrusts
of the Carpathian folded structure of Attic (pddibcene) age.

Scientific novelty. In the modern geological structure, the Ukrainian shield is the core of the anteclise of the middle
massif in the Laramie folded region.

Conclusions.As a tectonic uplift, shield was formed in the Paleocene. In the Late Cretaceous, it was still buried
under shelf carbonate deposits. Erosion of this uplift formed the Cenozoic deposits of Ukraine with a specific mineragenic
specialization. Taking into acant the Laramian folding allows us to reconcile the diverse geological phenomena of the
region into a single system without contradictions.

Keywords Ukrainian shield, Laramian folding, anteclise, middle massif.
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The |l ineaments extracted from remote sensing
data are aligned-Sprdddcemncitngamtiley Hxn drhee BNy are the
whil e -BBeaNIWNtEr ends aregngubhogdire@teons, respecti
(Fi g. 4) The extracted ITirneenagme rnetagsn wer ¢ ricveidd etk | i
three groups based on agen®f (3N e aWeRO IBratkbiinaé- J tor ume
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ture extracted from theSgptaembgr ma@pl{Fi §amplpst wel
in NNWE direction in theidoWdther nl patr-gdp adnxkEBNEy z B 1 |

SW in the soutmadgrcrhepamshiuns Uiviev ér si ty Lab. SMOW
SRTM sl ope angle map (Ociegan 3NateNptabdy,l11ls wae er
anomali esrbhalVVarashape amaastheds2hatvviemes$s oher each.
gated shapes which indiatgtzer vasné rb gtsd Istehrdu cstaumpal le sf
tures in the study areat.opic composition is deterr

To get a more quanti ttagn sviet yr e@fr etstestlaga s ®em pdas g ih
subsurface structure ofortilgd nattudyhtaemed,t ya oZD tdrea:
model was constfSkEcpedfahewnignithheeaNWel y devi at-ed da
gravity model al ong t heGrpurbobfsi cleee rACAFO was adbpplti eld’.6
l ong. The Analytic Si gnsaume(sASt)hanetthibpel wasulutse dme a
cal cul ate the depth to $amplbasa&mendi sotnr ipbruotfeid en. o rTr

met hod i s designed to Isegappliicadceol maghet werdat
When wusing gravity datahlsheeweftca'aiordelrsvtadilc/aal
gravity is applied (Phillips, 1,997 i gh , 1
1974). The basement bioutesti mat e —av?|/|\h bvpthl( SI a
4 km in the centr al part xto(aa)b.omtomﬂalkimevefaerstderrdam\derw
This reflects the basenveanltuersel i ef underneath the
canic area. ave (a): average value of

4. 3 Wdateeni stry dev: standard deviation

Oxygen and hydrogen st abfl ethsotrepiut¢tcooniposgquat.i
tion are used to identi$mi t-Grewlbbbs gi anotfamtheAwasbol
of nine (9) water sampltesr fremowvhaeagsttithcey vaaleuae ,antdh
(2) samples from the Ollkavwda at @ etod hrea amall ¢ U li setl ed ,( Tal
1) The fieldwork 'wad'"é¢aB@ediucmed betdNdemnampl es. Whe
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(2) is les6&rulbbs' €$mcomsRweacnetn,t tvhoelnc atnihec and tecton
result is r@éDgaindle dv adsuels mdelremva dome eruption at
calcul ated wusing:the f ooaemtluwrey (890 a(Wi I(KK)nson et
- < _ s T vV 0 ic eruption sout
w (a) = [(D/H) Sh]m/p"b(”(%qp@%%e%'gcg\& vol cano, etespec
(3)

#o (ayorol (sampiel 2y PP 0y Hpmemarey and

1 1 1]

(©70) SMOMLO00 young volcaﬁi—Zaa[earnﬁlvamndlfne(

I

A number of sreelleactteedd maoltchdedkd- 1 i man | a rlLoe n gveeir)u aafn c
ma | fields and the onsBTDag®heo fr enga gonmaatli sgne owloigo/ h r
contributed to the geobhemwnmnsl dsygstemedeV elomp méret
are hereby revisited. and the age of rocks (Wil Kki

5, Di scussi on 1992; Mana et al ., 2015) to

NTD is @wotleamomo area ammdracseci ateedd byi neament s
Neogene to Recent volcdrnitdhodamdicattdomai actTRi ¢ & ¢

Table 1

Water samples information
I D Locati on Type Al titu pH| Temper
Ar-Gl1 [Meru Ar ea Groundw 1448|9. 6 23.9
Ar-u2 |[Meru (ASmeehb mellLake wa 1444)9. 6 22.8
Ar-u3 |[Mer u (ATrwelausi aLake wa 1441|10. 25. 8
Naldl |[Lake Natron Hot spr 602 9.7 48. 3
Nald2 |[Lake Natron Hot spr 602 9.7 50. 8
Na#tl3 |[Lake Natron Hot spr 601 9.7 50.1
Nald4 |Lake Natron Hodgpr i ng( 605 9.7 45. 6
Na#t5 |[Lake Natron Hot spr 608 9.7 49 .7
NatH6 |[Lake Natron War m sp 605 9.7 31. 7
Ol-K1 |Ol kari a area|Ther mal 2065 |12+ 71. 7
OI-H2 |Ol karia area|Ther mal 2065 |11~ 79.5

*refers to quick measurement .

in the study area whichi nmgeNEW?ENh tthe taecttioowme ict seth a
the NTD areS, d-B®Wt ahiB&dNJEc &l and aged («etmpé&r Mayur bo
(Fig. 4). Based on [iSWhtoH ergmalalf ideolmad n(sBj °% rhres SN&EN ,
trending geol ogi cal | i nietaymeantt sMeanreen gdad micrad rdte r an  twt

Precambri an-Sr ao @SEN WIthreuftNt eir @ s i s suggested to hav
ardeomi nant and af£sotiyatPéé&bP@&)ohVPryoyoung volcanoe.
cene andaMedd®llei stoceneedtiitdlol bgi caustdai-nabl e ge
mai ns, respectively. Mamlmeeit mmht u¢(R20¥5pfsiaggaypt ed
the Natron and Manyar a sRisftte mbadichsmaycsupesr shol
north to south younging dKereicrha in,. e ltahie, otkh én mhia
emaly magmatism started QIndadiheygaoiut mwbkstbanbas arhaa eo
the NTD and progressedduoiwagdshéhkasitor+heMa @Widl
eastern parts of the NTe&t. al ., 2015) . Whil e -Ker i m

Comparing NTD with otLkekaegaexivotlicmgmoes!| caarmriScacco!l
hosted geot her mal fiel dsruditowsreantbieago t (cHMOI7 )l Mes g i |
gested that magmati sm bmeatat hothei Wai rod k e in-tgeBrostehcetr
mal field might have r eadamdSNscterdu dthwer ede,v ed elpimeedt ec
geot her mal system durirmqdt WWh esptdEsutct ur Mel i Aeat ad
Heneglelllei dih geot her maémidiaeld( Fige higmd Fig. 11).

perature geot her mal systebbiimgersseti attled (w2017 )ann
l'imit of about 0.4 Ma (Mma@gmazsomamberns . exB@ahyhenea
Furthermor e, mor e t-h azno n2e0s0, vsoulceheeracgeadD | aexditaendpd r S
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genetic cones compl ex, Od dwtihe pnayfai Gealtait hweo lpearko od n

sil | compl ex between -Gdlomiates! aamo s apd -L&dndgoahi @, y pdee:

Lengai Further more, t hfeiynianrgg uaend &inh att i d2@a0nevesaof o e

micity beneath the Nai bowrg Saoi ttoh enmo nboegi ennge tsi tcr uccot nuers
be

may a reflection of itshetriwesesnnaerec eo fofn usnelrlosusorh at
been produced cthy magtmatgas €hui Berfoom iron -8xadds ¢
the | ower magma chamberEWTdriisentsatsiton | wiamhiactti ve
tem which continues to metplesmeéers hwitt hhisn ~LMa YPokcam
compl ex. This suggests that the str.

Lineaments deduced f rmam dgfrlawiid yp atah vaayhe gihtl h gthe a |
t he exi stWnicnet eorfe satni nEg @ h iochd eam ds tervuecntturaeld al t er at i
(Essi mMeagwrvol canic chaimdon dkiedeéertemat odomheat es t
NWSE structures north oafbltyh ea vroel scualnti ct fcehvaé ang hceoiuir i
explain the onset of tHheochevekeommént pbbdbclksransfo
faulté (Fairhead, -V¥ot8r0gnd TShoeu t &hl todr atoiugrm | zzorEes obs
ing volcanic chMamws ohlawosrski tntieigg.r 12) are | ocated
geot her mal and vol cani ci natcetrinvailt ywabl elc oonfie st hneo rree sduir f
fused. However, t he Marmhearua cRiatter sedmenpt ar enchdre:
western border faul t, Bl ongi n hteh e hfoarem ooff tgheai hal
whcih runs fr dNmttrloem Magadyr ihogttshe hfei el dwor k. Thi s
hottest hot spring in tthhee rsetgriuocnt uarBedsu ¢ twéedn. dsiahf gCMeW
anates from the basemenbelroms kggr dtNem)r oeg x t1Oivd )beyon

Sl ope modelling of SRaAMddlaaai higal e ghltgi dhaf loow
faul ts, maj or vol canoes Bade ds uobns ttahnet isatlr ugn ers @rhe G
scorial/lparasitic cones ofourdleasni ofc Mretrair vy ohmwadnbh
t he Nsaaibtoor monogenetic <toncky camepd ewe t-Baggdé-sSNEWt hat
| ocated south of Gel ai tvrodrcdinrog (Ebgingreal estaluct ul
Crtaer s and cal deras ar e hwdlrlotdeemanrac a tfelduiodn ftlhew sd

angle map (Fig. 3). areas for further investig
The dominant trend dred tiinera.t ed from remote
sensing is in |ine with Itnhag heéormMiemantvol ca@nigec asar &

anomaly 4SuynmwhnghNhas beeArld nared3pArelteerdgealsy devi at e
a SsSubsurface structure (Mdl doMetroat cowabér tlhien &)
Africa Rift (Fig. 9). TAfrhoai Ranhwhteradi e@d msp
11)owssh t he pez+#Ssissttreunceteu raefde ® nvda [tuhees (Fig. 13) .

roughWVW ysubbordinate structilihes hibgd®i anakbdesi thn re

the extracted |ineamentesvaporatiomchkr i waéeacti on
The gravity c¢r osSE s(ekitgnopne rrautnunrienng ODNV¢ t o evapor
10) depicts the | ow ne@gatdi wvxygreoamalsytbpdsearienl it
|l ake Natron which may Tregresethe aaldereda nscter uocft utrhe
possibly buried grabenyged psobapeéegnadn ehnie® hcphe
with surficial alterativeald uckdespiantded aogelLdpdsati om
(FigThe8)high positive acnaonmalde woaumnadodlzy iwhiehwat ¢
Ketumbeine and Mer u volvaatneod atnamp e rketlwwoes.pi Bbeinng
magmatic bodies. The | oMD amomayplry ndyaiswa ttoeire Mienodo k v @t ¢
cano may represent a gramagntor t&® bkt egedfzgee di
picted on | ineament exttreaocatiicorwagdred PCAesRGBamhp
of PC1, BCZ Famd FRQ. Faigrehdaed , (198 3) sagtgiest s t hat
mated the depth of vol caaneiacs aancd saesd ifnheunitda rpya tphiw aey
be 800 m at the Lembel odse eGr arbeesne rNNVé iorf. Mer u, and
depth to the bakemment to Hoet aamdinwWlarlm spring at L
Patches of alterati onf rdoend ufcreadc tfurroens tamed Llcaor d suasti
i mage display ardemi attnore NGFFNgA NBagr bon fl uxes sur
that coincides with theLdaea entdsalof [ 2 0AeSneensthtsevee Tfhre
dr oxyl (cl ay?) beari ng deletpe rmaanitolne NsW uorfc elsa k es uMyagne-
yara i s bo%nfdeuwl tws.t hTNeceadei ast eorntfboid from t hi
ex htisbi&&n tNend NE of Merfuurvtohl ecra nsou pspoowrtth oaufr emnf er er
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Tabl e 2
|l sotopic vadlulesctodd wauwreirng the fiel dwo,

Sampl a0 uD Local Wat er

Ar-gl -3.85 -15. (Meru Ground

Ar-u2 4.18 25. IMeru Lake wig

Ar-u3 4. 65 25. ¢Mer u Lake wg

Nah 1 4,371 -23. {Natron |[Hot spr

N a-H 2 -3.92 -22. {NatmaomgHot spr

N aH 3 4. 71 -23. |Natron |[Hot spr

N a1 4 -4.69 -25. {Natron |[Hot spr

N a5 -4.53 -23. (Natron |[Hot spr

NaG6 -4.92 -26. {Natron |[Hot spr

Ol-KH1 3.03 19. 50l kari gTher mal

Ol-H2 -0.91 0. 6{Ol kari gTher mal

Me 16 3 -3.03 8. 2[MenenggGround

Me 16 4 -2.0%1 4. 5/MenenggGround
ce of open faults that areCpecimeabbesto allow the
of hydrothermal fluid. Understanding and eval ua
I n the Natron area,- asltmmousctt uabelp Iflbotattshpeni mdgs poNat
H1, -Hat~Ma)t sl ightly dewieatoeurfcressm amedt eodrhiea epi t her
water |l ines. This can biempxmpt anne.d Omemesmsuof ume
met eoric water with madmatriod hekrmiatdl. f Theds Bpomnyg.
are contr e Isetd ubcyt utrheefaNt awm @ st tcea ns hboer ep oot ent i al ar e
Lake Natron. The resul tmadg manmiatnhde taencatloynsiicss ooff onnoer

ter santpl)e f(rGlnk a geot hét mal pwdalelntdtal Olyka-ubstantii
ria geothermal UD iaant® ,v ekxdlbyigsi vimfhest ructures, on
ues that deviate from tahned ngertaevoirtiyc dwaattae,r sl uigngee sttosw
hi git®r ( Table 2). Wei gshiegrigle sSt NatniS BNW hes éi mg stghuct ur
'® values reswubtkdi htempwankeeni at for geother mal s\
el evated temperature att cheg@ltdhani ¢ activities duri
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Studies of oil product pollution in the aeration zone by mathematical modelling
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ABSTRACT
Formul ati on of Thaeaptoblempresents the results of a

due to the |l eakage of oil products as a result of the
the town of Borodyanka. t Bhh&k sd e ®tsrud dteidon no an I mmedi at e
of the surrounding area. The result was a technogenic
t he mechani sms of acci dretna atlh e esmnceitlr agan d ng rodu mbowd tudra,ntd
tamination and scientifically sound met hods of soil rel
i sing mat hemati cal model ing ofs wariingu Gobagtl ® fEamr t o ldwit

Materials dmd omatehods. assess the contamination area
etration of oil products into the soil and groundwater
oil spill were analalsemdodaalds naft hegenama rc@h o Isppiteall ogh g éi
and experimental filtration data were created using in
|l atter made it piorsedtbilend oofi dewnrtfidoge tehred dgr oundwater f
and in adjacent areas. Using the investigation and fil't
and soil filtrationaaodefaf ispiagntad wean d emalt ¢ cladt end,d e | o
groundwater flow was created.

Results$s was shown that the direction of the undergro
i s expressed by a decrease in the absolute height of t
or the maxifmurhevaleigshto of the contamination | ens. The
mined to be from north to south. This zone can be con
product s.

Based on the survey results, the thickness of the co
this indicator, the &r etaheofv oclounntea noifn actdi notwahniicrhadtdiéadr eissp ol
claimed damage. However, taking into account the aniso
ferent directions within the aeration zone, cteheofprlemscea
accumul ati on deoproegsisciaolnsstirnattah e olpittihons with ot her indi
calculation of the contamination areas was carried out
areas of oil produczodéswerir uplionted whehaeefhhe¢i emce to

Concl uBhenrsesearch enabled practical recommendations
and preventing the spread of the pollutant by pumping
| ens. I n accor dadatei ovind,h ThE welclosnmeer e dr i | | ee .tl6 8a de
m and a tot al l ength of 710 m, which made it possible
products and rewspi.ng them after <cl ean

Keywocaidls:product s, pollution | ens, aeration zone, ma
wells, flow gradient, emergency, GI'S project.
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