Z.Novruzov et al. | ANAS Transactions, Earth Sciences 2 /2018, 72-76; DOI: 10.33677/ggianas20180200016

ANAS Transactions Earth Sciences 2/2018
Geology and geophysics

http://www journalesgia.com

TRANSGRESSION AND REGRESSION OF CASPIAN PALEO-BASIN
ON PALEOMAGNETIC DATA

Novruzov Z.}, Pilipenko O.?, Trubikhin V.3, Ismail-Zade T.!
1Geology and Geophysics Institute, ANAS
H.Javid Ave., 119, Baku, Azerbaijan, AZ1143; znovruz@yahoo.com
2Institute of Physics of the Earth RAS
Bolshaya Gruzinskaya, 10, Moscow, Russia, 123995
3Geological Institute RAS
Pyzhevsky lane, 7, Moscow, 119017

Summary. Magnetic minerals of rocks are sensitive to the rock formation environment and
subsequent lifecycle. This sensitivity is reasoned by two cases: by variable iron valency and by
relative instability of the rocks formed within accumulation. For the study reasons, a number of
cross-sections were reviewed. The cross-section in Karaja which is located 10 km away from
Mingechevir town with coordinates A = 47°E, ¢ = 40°N, is characterized by complete sequence of
Pleistocene sediments. The research of marine sediments was objective of the current study. The
mentioned section, by completeness and representativeness, is unique for paleomagnetic study of
Paleo-Caspian Basin. The abundance of fauna and layers of volcanic ash allow dating of the stud-
ied geological events. As a result of petro-magnetic researches, the regular relationship between
variations of magnetic parameters of rocks and transgressive-regressive sea level behavior of
Paleo-Caspian Basin was determined. These transgression-regression cycles were caused by tec-
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tonic activity in the Caucasian region and by global climatic changes.
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Introduction

Formation conditions of sedimentary rocks can
be reflected in magnetic properties of the main mag-
netic minerals contained in these rocks. The article is
devoted of the petro magnetic study of the Karaja sec-
tion's marine terrace deposits, located approximately
in 10 km away from town Mingechevir (Azerbaijan)
(Mingechevir Reservoir, 470 E, 400 N) (Fig 1).The
Karaja section is a unique object in terms of geologi-
cal features' completeness and representativeness. The
Karaja section refers to the folded zone Bogaz-
Karaja-Karamaryam and represents an anticline
17 km long anticline (Mamedov, Aleskerov, 2002). In
the north of the monoclinic fold the complete deposit
sequence is exposed (thickness about 1000 m, fitting
to Pleistocene).The top-most part (undisturbed) of
Karaja section (associated with the middle and late
Valdai interstadials ~50-10 ka BP) represents two
marine terraces of Late Pleistocene age (Trubikhin,
1987). In this research paper the attention of authors
is concentrated on horizontal sediments of the top
marine terrace (Pilipenko et al., 2009).
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The Pleistocene transgression’s thythmic char-
acter reflected in marine terraces had the glacio-
eustatic nature. The world ocean waters were ac-
cumulated in icecap and glaciers (during the cold
periods) hereupon the ocean water level was re-
duced (regression). During the warmer periods a
glaciers' melting led to increase the sea-level. As a
result of tectonic activity (in Pleistocene) the
Manych Strait (the passage connecting the Paleo
Caspian Sea and Paleo Black Sea basins) was
closed. As a result sea-level had been locally risen
up to 70 m. The gradual increase of the sea-level
(In the Paleo Caspian basin) had led to transfusion
of surplus water through the Manych isthmus (a
barrier between the Paleo Caspian Sea basin and
Paleo Black Sea basin). The sea-level had fallen till
30 m again after eroding of this barrier.

The marine terrace's structure perfectly reflects
the periods of transgression/regression of the Paleo
Caspian basin. It includes three sections. Two sec-
tions are the warm periods (transgression). Corre-
sponding to the cold period (regression) the third
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section is placed between the two warm periods.
This part of the marine terrace consists of sand-
stone, including rubble lenses and gravel ones. In
the bottom of the marine terrace (the first trans-
gression) the sediments consist of carbonate-
aleurolite deposit. In the top of terrace (second
transgression) the marine subareal sediments con-
sist of the sandy aleurolite and sandy loams. The
regression period (corresponding to the cold period,
i.e. sea-level decrease) is located between these two
transgressions. Thickness of the studied stratigraph-
ic section Karaja is about 13 m.
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Fig. 1. Geographic position of the Karaja section

Late Pleistocene deposits of the Karaja section
upper terrace are not defined by any dating of an
absolute age. In this case the geological correlation
of Karaja section deposits with well studied even-
aged deposits of the Black Sea basin (Dodonov et
al., 2000) allowed determining the age of the re-
searched marine terrace deposits. As a result of the
above mentioned geological correlation we have
found out that the base of marine terrace of Karaja
section (transgression) (consisting of carbonate-
aleurolites) corresponds to the oxygen-isotope stage
5. It means that the base of the Khvalynian marine
terrace deposits corresponds to age as ~45 ka BP.
The upper part of the Karaja's marine terrace corre-
sponds to the oxygen-isotope stage 3. It means that
the upper part of a marine terrace of Karaja section
coincides with middle Valdai age and corresponds to
an age ~ 20 ka BP.

Selection of the collection

From the bottom to the top of Karaja section's
marine terrace the hand blocks of carbonade-
aleurolite, sandy aleurolite and sandy loam deposits
were collected by the method of continuous sam-

pling. The hand blocks of a marine terrace corre-
spond to two transgressions of the Paleo Caspian
basin. Oriented along the magnetic meridian the
hand blocks were sawed into horizontal plates. The
latter were used to prepare oriented 2-cm cubic sam-
ples with three duplicates for each level. The number
of levels of the marine terrace amounted to 406.

Methods

To examine the ferromagnetic minerals of the
Karaja section the temperature dependence of iso-
thermal remanent magnetization curves were con-
structed. Also the magnitude of coercivity remanence
(Ber) and the value of blocking temperatures (Ty) were
determined using well established complex magnetic
methods. The experiments were conducted at the
“Laboratory of main geomagnetic field and petro-
magnetizm” of RAS Institute of physics of the Earth,
Moscow (Russia). By means of a thermomagnetic
analysis of an isothermal remanent magnetization the
composition of magnetic minerals was determined
(magnetite, maghemite and haematite).

Along all profile of Karaja section the main
magnetic parameters (such as low-field magnetic
susceptibility Kjy, natural remanent magnetization
NRM, saturation isothermal remanent magnetization
SIRM, anhysteretic remanent magnetization ARM,
coercivity of remanence Bcr) were measured (by step
with 2-cm of interval).

As a rule, in samples the variation of magnetic
minerals concentration can be monitored by meas-
urering of low-frequency magnetic susceptibility and
saturation isothermal remanent magnetization. For
marine terrace sediments both ratios of maximum to
minimum magnitudes of Kj and SIRM are approxi-
mately ~ 15. The high values of low-frequency
magnetic susceptibility and saturation remanent
magnetization correspond to the sandy horizons.
These sandy horizons correspond to the Paleo Cas-
pian basin regressions. The waters of the paleobasin
withdrew. And as a result coarse ferromagnetic par-
ticles have quantitatively been increased.

Experimental investigations of isothermal rema-
nent magnetization (IRM) have allowed drawing con-
clusions about magnetic mineralogy of the samples,
selected from each stratigrafic level. During step-by-
step magnetization up to 1.5 T it has become clear that
90% of saturation isothermal remanent magnetization
is acquired by samples prior the 0.3 T. It allows assum-
ing that the main carrier of natural remanent magneti-
zation is low-coercivity mineral. It can be a magnetite
or a maghemite. During step-by-step increase of mag-
netic field up to 1.5 T, in some instances, the perma-
nent increase of sample's magnetization is observed. It
is bound with existence of high-coercivity minerals in
these samples, such as hematite.
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In the samples the ratios of antiferromagnetic
minerals versus ferrimagnetic ones have been esti-
mated by the S-ratios (S=IRM.o37/SIRM) (King and
Channell, 1991). The value of the S-ratio changes in
the range of -0.54 to -0.95 in various parts of the
section. The majority of the samples had values
around S=-0.9. This estimation has showed a domi-
nant role of low coercivity minerals such as magnet-
ite or maghemite. But in the horizons coinciding
with the regression of the Paleo Caspian basin the S
changes from S = -0.5 to S = -0.6. These changes of
S reflect a majority of a high coercivity mineral such
as hematite. Such conclusion is supported by meas-
urement of the coercivity of remanence (Be). Ber
varies between ~60 and ~90 mT in the same sam-
ples. As a whole for the all collection B varies be-
tween ~30 and ~40 mT.

By using the method of Lowrie (1990) the IRM
experiments were also made on 34 samples of a pilot
collection. In the samples, along the X orthogonal
axis at 1.5 T, along the Y-axis at 0.5 T and finally
along the Z-axis at 0.2 T, an IRM was induced.
Thereafter the IRM stepwise were thermally demag-
netized, and measurement of the resultant remanence
was made after each step. In all representative sam-
ples the dominant presence of a low coercivity of
magnetic phase (0.2 T) (unblocking temperature
Tb=580-620°C) were revealed by the unblocking
temperatures of the IRM. As a result the magnetite
and slightly oxidized magnetite are revealed as the
dominant magnetic mineral. In all curves there are
also an inflection between 300°C and 400°C. This
can be attributed to the presence of maghemite,
which undergo transformation into hematite during
heating. The presence of a hematite is also affirmed
by a higher coercivity unblocking temperature (675°-
700°C).

As revealed by the various experiments magnet-
ite, magemite and hematite are the dominant mag-
netic carriers of the remanence.

The ARM/SIRM, SIRM/k; and ARM/Ks ratios
were applied as grain size indicators of magnetite. In
the Karaja section these ratios vary from 3 to 4, indi-
cating that the grain size variations in general are not
very strong. For the researched horizons the
ARM/SIRM-ratio and ARM/Kjs-ratio reveal the val-
ues, associated with the growth of the super-
paramagnetic particle concentration. The values of
the  frequency-dependent  susceptibility K=
(kir- kne)x100%/kis are higher than 8%. That means
that the percentage of the super-paramagnetic parti-
cles is more than 50% (Dearing, 1999).

The anisotropy of magnetic susceptibility
(AMS) was used for checking of reliability of the
NRM directions. The orientation of the remanence
carriers can also be changed by any tilting of the
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sedimentary layers or their deformation. On 3 sam-
ples from the each level the AMS was measured pri-
or to AF-demagnetization of the samples. Beginning
from ~10 m an increasing trend of F=Ky/Kz with
depth is observed. This may relate to compaction of
the loams. At the interval 8.4-8.8 m a sharper fall of
F is revealed.

In order to isolate the component (parallel and
proportional to the geomagnetic field) that is coeval
with sedimentation the stepwise alternating field
demagnetization (AF) was carried out on representa-
tive samples. To isolate the primary magnetization
component the 34 representative samples were sub-
jected to a full (5-90 mT) stepwise AF demagnetiza-
tion by step of 5 mT.

The majority of samples exhibit a secondary
VRM overprint which was easily removed by mod-
erate AF-demagnetization in alternating magnetic
field. Also dominant samples exhibit a secondary (or
overprint) stable ChRM which was educed at 25 mT.
Samples of duplicates’ collection from each 375 lev-
els were demagnetized in alternating magnetic field.
In samples that were demagnetized in the range 15-
35 mT, main carriers of a remanent magnetization
were minerals with a low coercivity. In samples that
were demagnetized in the range of 35-60 mT main
carriers of a remanent magnetization were minerals
with a high coercivity.

Results and discussion

In the Karaja section for the depth intervals
3.65-3.74 m, 5.15-5.24 m, 8.58-8.69 m and 11.14-
11.38 m the D- and I-values significantly deviate
from the average.

The first diagnostic interval (from 3.65 m to
3.74 m) covers 5 levels of the layer 19 in the upper
part of the marine terrace. In this interval the inclina-
tion | varies from -7° to -54° and the declination D
varies from 101° to 119° The main carrier of mag-
netization is hematite. Low coercitivity and high
coercitivity components have a same magnetization
direction. The AMS measurements revealed that this
section’s interval has a normal sedimentary fabric.

The second diagnostic interval (from 5.15 m to
5.24 m) reveals abnormal magnetization directions
on 3 levels of the layer 17. In this interval the incli-
nation | falls down to 27° and the declination D
equals to 190°. The main magnetization carrier is
hematite. The AMS results show that there is no any
tilting or deformation of the sedimentary layers.

The third interval (from 8.58 m to 8.69 m) com-
prises 6 levels in layer 13. Values of | vary between
39% and 57° and D — between 166° and 187°. The sca-
lar magnetic parameters show values for the low co-
ercitivity minerals (such as magnetite or maghemite).
The deviations of angle elements coincide with sharp
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variations of F=K,/K; and L= K/K parameters. Ste-
reographic projections of the main axes of AMS ellip-
soid show linear anisotropy which was caused by
downslope movements of sedimentary layers. This
could cause a rotation of the ChRM vector.

The fourth diagnostic interval (from 11.14 to
11.38 m) covers 11 levels in layer 7 where D devi-
ates up to 167°. Thermomagnetic analysis displayed
that hematite is the main carrier of the magnetiza-
tion. There is an increasing trend of F with depth up
to the 10 %. This may be related with compaction of
the loamsand. It is natural for a normal sedimentary
fabric. Except the interval of 858 m to 8.69 m,
(samples showing an abnormal behavior) the main
carrier of natural remanent magnetization possesses
the hematite magnetic mineral. These interval depos-
its can be related with chemical oxidation processes
and reflect the environmental and climate changes
during the sediment deposition. Nevertheless, these
samples possessed the abnormal direction of NRM
at elementary measurements. Remanence did not
reveal the direction of the dipole field for the local
geographic site after AF-demagnetization. The two
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very close directional components are illustrated by
the Zijderveld diagrams: low coercivity components
and high ones. We can reach a conclusion that the
grains of magnetite and hematite were magnetized
before transportation and compaction of the sedi-
ments. The detrital magnetic particles became
aligned parallel to the Earth’s magnetic field and
acquired a detrital remanent magnetization during
deposition and lithification. So we obtained the fol-
lowing age estimates for the diagnostic intervals: 1)
interval from 3.65 to 3.74 m: ~25 ka BP, 2) interval
from 5.15 to 5.24 m: ~29 ka BP and interval from
11.14 to 11.38 m: ~39 ka BP. We regard these direc-
tional anomalies as evidence of reduced Mono Lake
and Laschamp excursions.

As a result of petro-magnetic researches, the
regular relationship between variations of magnetic
parameters of rocks and transgressive-regressive sea
level behavior of Paleo-Caspian Basin was deter-
mined. These transgression-regression cycles were
caused by tectonic activity in the Caucasian region
and by global climatic changes.
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Pe3tome. MaruuTHble MUHEPAJbl TOPHBIX TIOPOJ] YyBCTBUTENBHBI K YCIOBHSM HX OOpa30BaHUs H MOCIEAYIOLICH XKU3HH. DTa
YyBCTBHTEIBHOCTh O0YCIIOBIICHA JBYMs IPUYMHAMHU: @) IEPEMEHHON BaJICHTHOCTBIO JKelie3a; 0) OTHOCUTENBHOH HEYCTOHYHBOCTHIO
c(OPMHUPOBABILIMXCS TOPOJI CEPUIi MUHEPATbHBIX TBEPABIX PACTBOPOB B YCIOBHUSIX 3aJI€raHMsI.

B paspese Kapamxa (Asep6aiimkan, npumepHo 10 kM ot r. Munrsuesup, A= 47°E, o= 40°N) oOHaskaeTcs MoJHas MOCIea0Ba-
TEJIHOCTH IUICHCTOIIEHOBBIX OTJIOXKEHHH. B OCHOBHOM IIEHCTOIICHOBEIE OTIIOKEHHS CHIIBHO JUCIONUPOBaHEL Camas BEpXHSI ke
qacTh oTioxeHu# (50-10 ThIc. JIeT), He JUCIOMMPOBaHA U NMPEACTABISIET CO00H ABe (BEPXHSIS M HIKHSS) MOPCKHE TEPPACHL.

OOBEKTOM HAIMX MUCCICTOBAHUI ObLTH MOPCKHE/IaryHHBIC OTIIOXKEHUS BEpXHEH MOpCKoit Teppack paspesa Kapamxa. 1o mon-
HOTE W NPEACTAaBUTEIBHOCTH 3TOT pa3pe3 SBISETCS YHUKAIBHBIM Ul IaleOMarHUTHOTO u3ydeHus: Kacnmiickoro maneo6acceifHa.
O6wunie ¢ayHbsl U HATMYKHE B pa3pe3e MPOCIOEB BYJIKAHUYECKOTO TeIUia MO3BOSIET YBEPEHHO JaTHPOBATh M3ydaeMbIe re0JoTHde-
cKkue coObIThs. B pe3ysbrare MeTpOMAarHUTHBIX MCCIICJOBaHUI OblIa yCTAHOBICHA 3aKOHOMEPHAs CBSI3b MEX/y W3MEHCHUSIMU Mar-
HUTHBIX TAPAMETPOB IIOPO] U TPAHCIPECCHBHO-PETPECCHBHBIM MOBEIeHHEM ypoBHs Mopsi Kacnuiickoro maneobacceitna. DTH HHUKIIBI
TpaHCTPECCHU-PErpecCHr OBUTH BBI3BaHbI TEKTOHHYECKOW aKTHBHOCTHIO B KaBKa3ckoM perroHe u rio0aabHBIMH KIMMATHIECKHMEI
N3MEHEHUSIMH.

Kntouesvie cnosa: mopckoil, 1azynnvie OMu0ANCeHUs, NACUCMOYeH, NempOMAasHemusm

PALEOMAQNIT MOLUMATLARI OSASINDA XO0ZOR PALEOHOVZOSIiNIN TRANSQRESSiYA VO REQRESSIYASI
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Xiilasa. Stixurlarin maqgnit minerallar1 6z formalasmasina vo sonraki “hoyat” soraitlorine hossasdir. Bu hossasliq iki sababdondir:
a) domirin dayison valentliyindan; b) amoals golon mineral-siilb mohlullar seriyalarinin yatim soraitinds nisbi dayanigsizligindan.

Qaraca kosilisinds (Azorbaycan, Mingagevir soharindon toxminon 10 km, A = 47° E, ¢ = 40° N) Pleystosen ¢okiintiilori tam
ardicilligt ilo tomsil olunur. Pleystosen ¢okiintiilari asason giiclii dislokasiyaya moruz qalmisdir.Qaraca kasilisinin an yuxari hissasi
(list Pleystosen ¢okiintiilari, 50-10 min il) dislokasiyaya moruz qalmamusdir vo iki (yuxari vo asagi) doniz terrasindan ibarotdir.
Todgiqat obyekti yuxari deniz terrasinin doniz/laqun ¢okiintiilori idi. Tamlig1 vo tomsilgiliyi ilo xarakterizo edilon bu kasilis Paleo-
Xozor hovzasinin  paleomagnit molumatlart osasinda Gyronilmosi tigiin unikaldir. Kasilisdo fauna bollugu va vulkanik kiil
tobagociklorinin méveudlugu tadgigq olunan geoloji hadisslorin yasint doagigliklo toyin etmays imkan verir. Petromagnit todgiqgatlar
naticasindo miioyyon edilmisdir ki, Paleo-Xozor hévzoesinds doniz soviyyasinin transgressiv-reqressiv doyisilmolori ilo magnit
xassolorinin variasiyalar1 arasinda montigi slage var. Bu transqressiv-reqressiv tsiklloro Qafgaz regionunda tektonik foaliyyot vo
global iglim doyisikliklori Sabab olmusdur.

Agar sézlar: doniz, laqun ¢okiintiilari, pleystosen, petromagnetizm
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