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Abstract. The Ukrainian Antarctic expeditions acquired new geoelectrical data (‘short-impulse electromagnetic
field formation' — FSPEF, and 'vertical electric-resonance sounding' — VERS) along profiles across Drake Passage
and continental shelf of Antarctic Peninsula. The electromagnetic experiments yielded new data set with unique
information about the inner structure and new values of the depth of the Moho discontinuity of West Antarctica
region.

Deep crustal heterogeneities of the Palmer Deep Basin that were obtained from the VERS- profiles data could be
connected with processes of tectonic transformations of the Antarctic Peninsula shelf structures. Possibly, the
conformities of continental shelf glacial streams may be explained exactly by a tectonic factor of recent
geological past.

New information about sediment distribution and inner crustal structure has an important value for searching and
prospecting the hydrocarbon deposits of Palmer Deep region.
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CrpykTypa 3eMHOii kopbl Bnagunbl [Tanmep (3anagHoe nodepekbe AHTAPKTHYECKOIO I10Jy0CTPOBA) IO
reopusnyeckum 1auubiM. B.J{. Conosbes, B.I. baxmyTos, .H. Kopuarus, C.I1. JIeBamos

Pedepar. Ilo nmanubIM reou3MUecKnX HCCIIENOBAHMH, MPOBENCHHBIX B YAD, HU3ydeHBI OCOOCHHOCTH
MIyOMHHOTO CTPOCHHS CTPYKTYpP KOHTHHEHTAJIBHOTO (THXOOKEAHCKOro) ImIenbda AHTapKTHYECKOTO
noryoctpoBa. [locTpoeHHBIE pa3pe3bl XapaKTepU3YIOT HE TOJBKO BEPXHIOI0 YacTh 3eMHOH KOpHI, HO M eé
rmyOuHHBIE TOPU30HTHI. JlaHHBIE O MOIIHOCTH 3E€MHOH KOpPBI IMOKa3adW HX 3HAYUTEIbHYIO
uddepeHIpoBaHHOCTE 10 IUIoma y. [IpoBenennsle B obnactu BnaguHsl [lammep McciieioBaHus BIIepBbIe
MOKa3all YBETHMYCHHYI0 MOIIHOCTh OCAJO0YHBIX 00pa3oBaHUil CpeJHETO W BHYTPEHHEro menbga
AHTapKTHYECKOTO MOJIyocTpoBa. MoOIIHEIE OCaJ04YHbIe TONIM (HOPMHUPOBAIKCH B Tpeneiax OTACNbHBIX
CTPYKTYP, TOKAJIbHO OCIOKHSIOMNX CTPOCHIE KOHTHHEHTAIBHOTO MIENIb(a.

['myOuHHBIC HEOTHOPOIHOCTH 3€MHOIT KOPBI M CETh TSKTOHMYECKUX HAapyLICHUH B Teje (yHIaMEeHTa BIIaMHBI
[Mamvep, BbImeneHHble O JaHHBIM BOP3, CBHIETENBCTBYIOT O JUIMTENBHBIX MPONECCAX TEKTOHMYECKUX
peoOpa3oBaHuil CTPYKTYp miedbda AHTAPKTHYECKOTO IMOIyOCTPOBa. BO3MOXKHO, MIMEHHO TEKTOHHYECKHM
(akTOpOoM OOBSICHAIOTCS TAaKXKE 3aKOHOMEPHOCTH (OPMHPOBAHUS JISTHUKOBBIX IIOTOKOB HEIABHETO
Ie0JI0rN4eCKOro IIPOILLIOTO.

HoBsle 1aHHBIC O pacpeieNIeHUH MOITHOCTH OCA0YHOTO YeXJla IMEIOT BaXKHOE 3HAYEHHE I OTIPEACIICHUS
HEPCIEKTUB 3TOTO paifoHa Ha )OPMUPOBAHNE CKOILICHUIT yIIIEBOIOPO/IOB.

KunroueBsie ciroBa: 3anaHas AHTapKTHKA, CTPYKTYpa 3eMHOI KOpBI, re0(hU3HIEeCKUE TaHHbIS

Crpykrypa 3eMHOI kopu 3amaauHu Ilanmep (3axinHe y30epeisks AHTApKTHYHOIO NiBOCTPOBa) 3a
JaHuMU reogizuuaux gociaizkenns. B.J[. Conosiios, B.I". baxmyTtos, .M. Kopuaris, C.I1. JIeBamos

Pedepar. 3a nannmMu reodizmyHUX JOCIIKEHB, TpoBecHUX B YAE, BUBYCHO 0COONMBOCTI INMOMHHOT OyI0BH
CTPYKTYP KOHTHHEHTAJIBHOTO (THXOOKEAHCHKOT0) menb(py AHTAPKTUYHOTO miBocTpoBa. [loOymoBani po3pizu
XapaKTepU3yIOTh He TIIbKU BEPXHIO YaCTHHY 36MHOT KOpH, ae i ii NMOUHHI Topu30HTH. J{aHi Mpo MoTyXHICTh
3eMHOI KOpH TMOKa3alH iX 3HauHy AudepeHIioBaHICTh Mo Tuionli. [TMOWHHI HEOJHOPIAHOCTI 3eMHOI KOpH
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3amaauHu [lanMep, Bumineni 3a mannvu BEP3, cBiguate mpo TpuBajii MpomecH TEKTOHIYHUX IEPETBOPECHB
CTPYKTYP CEPEIHBOTO 1 BHYTPIIIHBOIO MICIb(PY AHTAPKTUYHOTO MiBOCTPOBa. HasiBHICTh TEKTOHIYHUX 3pYIICHD
B TUIl QyHIAMEHTY IIesb(y CIpHsIa HOBITHIM T'eOJOTiYHHM Tpouecam (HOpMyBaHHS CTPYKTYp 3allaJHU
[Tanmep 1 J1bOIOBUKOBHX NOTOKIB KOHTHHEHTAJILHOTO 1Ieb(Y HETaBHOTO I'€0JIOT 1 YHOTO MUHYJIOTO.

HoBgi gaHi 1po po3IOIi OTYXKHOCTI 0Ca0YHOI0 YOXJIa MAIOTh BaXKJIMBE 3HAYCHHS [JIsl BASHAYCHHSI IIEPCIICKTHB
L[bOTO PAiiOHY Ha yTBOPEHHS CKYITYEHb BYIJICBO/IHIB.

Kurouosi ciioBa: 3axinna AHTapKTHKa, CTPYKTYpa 3eMHOI KOpH, Teo(i3nuHi AaHi

Introduction

Analysis of existent volume of geological and geophysical data about the field's distribution
and information of Western Antarctic lithosphere enables only broadly speaking to find out the charts
of evolutional development of this region. Therefore new actual material during the Ukrainian
Antarctic marine expeditions obtained has an important value for investigation of geophysical crustal
heterogeneities and geophysical models of the of West Antarctica bottom structures construction.

Especially it relates to the Pacific Coast of the Antarctic Peninsula, where information data are
insufficient for many local structures complicated the shelf inner structure. Investigation of the deep
crust horizons behavior of such coastal structures has an important value for the system study of the
paleosubduction's zones morphology formed in variable geodinamical conditions.

Crustal heterogeneities and fracture zones can be clearly seen in geoelectrical images. The
field procedures of this study combined the methods of "short-impulse electromagnetic field
formation" (FSPEF) and "vertical electric-resonance sounding" (VERS). The FSPEF method is based
on the use of small ferrite dipole antennas to transmit and receive short-impulse electromagnetic
fields. This method uses short but high-power electric pulses. Compared with earlier techniques, this
method has the benefits of increased field efficiency and productivity. The VERS method is based on
processes which polarize naturally-occurring electric fields at the surface of Earth. The polarized
fields are analyzed for their spectral characteristics. The method makes possible the efficient and
accurate determination of a stratigraphic model beneath a sounding site. These techniques were
applied during the 2004 (9th) and 2006 (11th) Ukrainian Antarctic expeditions. Marine observations
were carried out from the vessels Ushuaya (2004) and Humboldt (2006) using compact, computerized
equipment. The portable measuring equipment “GEMA” (Geo-Electromagnetic Application) was an
important element of this technology. GEMA was connected with a GPS-receiver and a laptop
computer using special program interfaces. This equipment allows investigations to be carried out
over large areas in short time-frames and at minimal expense (Levashov et al., 2003; Levashov et al.,
20006). The aim of this paper is to show practical examples of the application of these geoelectrical
techniques in the marine environment.

It's also necessary for the determination of the major stages of evolution and dynamics of
development of basic tectonic elements of the West Antarctic passive margin.

The Palmer Deep is one of such characteristic enclosed structures of the Pacific continental
shelf of the Antarctic Peninsula not far away from Anvers Island (Fig.1).

It's known that this region of shelf was a real platform for glacial development and advance
across the inner continental shelf edge during the most recent glaciation's period.

The Palmer Deep is located at the convergence of three distinct accumulation centers: Anvers
Island, Bruce Plateau and the Graham Coast (Rebesco M. et al., 1998). It was a center of the
convergence of ice streams crossed the continental shelfat a distance more than 200km from Antarctic
Peninsula coast. The Palmer Deep's basins with different bottom relief depth features are the separate
parts of a common region which consists of the Palmer Deep basin, the Palmer Deep Outlet Still and
the Hugo Island Trough (Fig.1,A). This inner-shelf trough consists (Fig.1, B) of three basins (I-11I)
oriented ina SW-NE direction with various depth from 1100m (basinI) to 1500m (basin I1I). The basic
morphological features of these basins are determined by postglacial processes of sediment
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Fig. 1. Detail bathymetric map of the Palmer Deep region (A, B) and the geophysical profiles
location at the Antarctic Peninsula continental shelf study area (C). Location of ODP (Leg178) sites
1098 and 1099 is indicated. Bathymetry maps - by (Domack E., etal., 2005, Rebesco M. etal., 1998).

Legend: 1-location of deep seismic sounding (DSS) recorded by (Sroda P. et al., 1997); 2-
bottom bathymetry with a contour interval of metres; 3-geophysical (VERS) profiles location; 4-
location of VERS points.
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accumulation that forming in change conditions of erosion and deposition phases. There are some
seafloor features such as relic terraces, sub-glacial lake deltas, numerous channels and levees which
were formed as a result of water-courses action and erosion processes at the structural weakness zones
within the faulting basement rocks.

The three sub-basins are filled with a layered sedimentary succession which consists of mud
turbidities and different glacial marine deposits of siliciclastic character. The total sediment thickness
of glacial and interglacial sediments is about 270m (Rebesco M. et al., 1998) of the Holocene down to
at least the last Glacial Maximum (11000 years BP).These sediments are divided into four units
consistent with division at the site ODP-1098 lithofacies. It's interesting that the upper horizon is
characterized by relatively high magnetic susceptibility, reflecting a dominance of multidomain
magnetite (Domack E. etal., 2005).

An acoustic basement at this area consists of Mesozoic to Early Cenozoic volcanic and
plutonic rocks. The fracture zones that bound the Palmer Deep and influence on the sedimentary
succession are in correspondence with the projection of the South Anvers Fracture Zone. This large-
scale fracture zone divides the western slope of MOR to a set of separate segments. Also it has a great
value for the tectonic segmentation of the Antarctic Peninsula margin. The significant part of the
shelf's structure displacement may be connected with the scale geodynamic processes of this fracture
zone.

Investigation results

The 2004 (9") and 2006 (11") Ukrainian Antarctic expeditions acquired new geoelectrical data
along profiles across Drake Passage and along Bransfield Strait, Antarctic Peninsula, with the aim of
studying the crustal structure of these features down to depths of >30 km. The sounding on this depth
in Antarctic region was the first experience of deep modification of the VERS method using.
Modeling experience of deep crustal structure by geophysical data with VERS method shows that
there is a possibility to investigate the fluid regime, tectonic disturbances and crush zones in basement
and local places of submarine volcanic activity too. The experience of VERS investigations data
shows that the normal geoelectrical resistance layer represents unaltered rocks of the upper part of the
crystalline basement; the high geoelectrical resistance marks magmatic intrusion and low resistance
characterizes the changed rocks with possible hydrothermal activity effect.

This technology also gives a possibility to efficiently divide the cross-section on separate
stratigraphic subsections in the sounding site and to determine its depth with high accuracy (Levashov
etal., 2003; Levashov et al., 2007). Upper crust cross-sections to a depth of 6000m with VERS using
were obtained along 3-3a, 8-8a, 9-9a profiles (Fig.2-4). The basic structural elements of continental
shelf (down to depth of >30km) along the profile 5 were determined by deep modification of VERS
method during the seasonal works of the 2006(11™) Ukrainian Antarctic expedition (Fig.5).

Geoelectrical models of Palmer Deep crustal structure along three profiles were built on the
sounding data in separate points of continental shelf.

The principal shelf's elements of Palmer Deep (sub- basins, the Palmer Deep Outlet Still and
the Hugo Island Trough) were crossed by the 8-8a profile (Fig.2). The sedimentation province is
distinguished at the upper part of section in transition zone from the axial raising of middle shelfto the
structures of the outer continental shelf (fig.2, 0-80km ).It's fixed by areas of higher polarization and
geoelectrical resistance at 4.0-6.0km depth. An anomalous change of the crust cross-sections is
observed at the transition zone between the outer shelf and investigated structures location which
complicates the structure of middle and inner shelf near Anvers Island (Fig.2, 130-230km). The deep
cross-section of middle and inner shelf here includes higher thickness of the second sediment horizon
and crushing zones. There are some dike sets also (fig.2, 170-200km, 215-230km).
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Fig. 2. Interpreted geoelectrical cross-section along the profile 8-8a (the continental shelf of
the Antarctic Peninsula, Palmer Deep). Location of profile is shown on Fig.1(A,B). Legend: 1 —water;
2 —sedimentary layer of low geoelectrical resistance (silts, clay and sandy sediment); 3 —layer of high
geoelectrical resistance (detrital rocks; muddy sediment; shallow, hydrothermally altered basement
rocks); 4 —unaltered basement rocks; 5 — zones of high polarization and resistance in basement rocks,
interpreted as volcanic intrusions); 6 — zones of low resistance in basement rocks (interpreted as
fracture zones).

The considerable part of the middle shelf cross-section (Fig.2, 70-130km) is a stable area
which is not complicated by tectonic fractures. This area coincides with position of the Palmer Deep
Outlet Still (Fig.1). The higher thickness of the second sediment horizon and bottom's relief deepening
is fixed in the crust cross-section at the Hugo Island Trough (Fig.1, VERS point 55) area. Influencing
of crustal tectonic transformations which discovered in the district of Palmer Deep is observed only in
the most eastern part of the Palmer Deep Outlet Still (Fig.1, VERS points 54, 54%).

The complicated structure of the continental shelf's middle part by the VERS data for the cross-
section along 3-3a profile was obtained (Fig.3). At the upper part of section there are numerous areas
of crushing zones and dikes that testifies to different processes of basement's forming in conditions of
its large saturation with volcanic rocks of different expansion and deep-seated origin.

130



V.D. Solovyov: CRUSTAL STRUCTURE OF PALMER DEEP (WEST COAST OF THE ANTARCTIC PENINSULA)...

20 100 110 120 130 140 1SOL km

3. sw. N-E 3a

LU (RERT T/ TWRERA SERT 1T NRRISAUeT 1T I TR ERRCARAERTTARIAT) Liiesalion

4000 |

5000

6000
H.n |

| 2

Fig. 3. Interpreted geoelectrical cross-section of the upper part of the crust along the profile 3-
3a. Location of profile is shown on Fig.1 (A, B). Legend is shown on Fig. 2.

It should be noted that the area of the Palmer Deep Outlet Still on this section has considerable
differences of deep structure from the resulted model of deep structure along profile 8-8a (Fig.2,3).
First of all it concerns to depth of 2.0-6.0km, where inhomogeneities in the district of the middle
shelf's raising are fixed. The numerous crushing zones and dikes inclusions into the basement body
(Fig.4, 85-145km) were found out at the area of profile 3-3a located south of the deepest Palmer Deep
sub-basin. Similar features of deep section are obtained for the profile 9-9a (Fig.4) where the deep
section of the Palmer Deep structural continuation is enriched with dikes and crushing zones.

The whole series of short-period intensive (up to +300 nT) magnetic anomalies were detected
on the magnetic survey profile (I'-2203) crossed the Palmer Deep structures.

The sources of these, most short-period magnetic anomalies, located at the depth of first
hundred meters below bottom. The sediment rocks of this horizon are characterized by relatively high
and variable magnetic susceptibility. The magnetic anomalies out of the Palmer Deep have another
size and intensity; their sources are displaced at depth of 4.0-12.0km. This linear positive anomalies
with amplitude up to 250 nT may indicate a variety of possible sources the eastern part of the Pacific
Margin Anomaly with intermediate depth bodies (4-12km).Early we suggested that such anomalies
are associated with individual shallow plutons and volcanics of the Antarctic Peninsula gabbro-diorite
group rocks (Fig.2) as aresult of postsubduction volcanism processes.
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Fig. 4. Interpreted geoelectrical cross-section of the upper part of the crust along the profile 9-
9a. Location of profile is shown on Fig.1 (A,B). Legend is shown on Fig. 3.

The obtained results of continental shelf deep structure were confirmed by sounding materials
along the profile 5 during works of 2006 (11") UAE (Fig.5). During these works the deep
heterogeneities of the cross-section were obtained not only in upper part of the earth's crust (on depth
to 6.0km). butalso at 10.0-12.0 and 16.0-18.0km depth.

The major feature of the profile 5 is a complication of deep crust structure due to including of
numerous effusive rocks complexes and «crust-mantle» transitional horizon of variable thickness
also. The complication of crust is accompanied with an increasing the earth's crust power to 30-3 1km
nearby Anvers Island. The large area of crust tectonic fractures was determined on the profile 5 by the
VERS data (Fig.5).

Probably, this fracture zone has a prolonged history of forming as it was showed by the specify
cross-section deep features of 8-8a, 3-3a, 9-9a profiles.

It should be noted that by the VERS data there are no crustal complications which would testify
the tectonic activity at the cross-section of the profile 10-10a.

Such features are distinctly selected for the VERS-point Ne53, that can testify the considerable
local heterogeneity of deep crustal structure and it's different saturation with magmatic rocks
inclusions.
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Fig. 5. Interpreted geoelectrical cross-section of the crust and upper mantle along the profile 5.
Location of profile is shown on Fig.1(B,C). Legend: 1 —complex of volcanic and crystalline rocks; 2 —
rocks of crust—mantle transition layer; 3 —upper mantle; 4 — Moho boundary(?); 5— VERS points.

Deep VERS data conducted in area near
Anvers Island and Gerlache Strait (Fig.1, B,C)
enable not only to define the structure's features
of the west margin deep crustal horizons but also
to compare the results with the deep seismic
sounding data. The DSS materials show that the
considerable differentiation of separate deep
horizons position and areas of the prolonged
dikes horizons enriching at profile's cross-
sections are absent. The values of the depth of the
Moho discontinuity obtained by VERS data did
not coincide with DSS-results of Polish
researchers (Sroda P. et al., 1997) for the profiles
10and 12 (Fig.1, C). Possibly these VERS-Moho
values obtained are coincided with mean
position of «lower horizon of the earth's crust»,
which is selected from the DSS- data.

The VERS researches of Palmer Deep
area showed the higher sediment formations
power within the middle and internal shelf of the
Antarctic Peninsula, which were formed within
the limits of separate structures that locally
complicated the continental shelf structure.

The prolonged and multistage coastal
structures development in the conditions of
regional tectonic activation of its separate
segments could be favorable to different types of
minerals forming in this area.

For example, the anomalous polarized
layers in interval to 3500m of “deposit” type are
discovered by VERS data near Anvers Island

(Fig. 6).
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Fig. 6. Interpreted geoelectrical cross-
section of the crust of the “hydrocarbon
deposit” type in Palmer Deep area. Legend: 1 —
VERS-points 125-132; 2 — anomalous
polarized layers of ‘“hydrocarbon deposit”
type; 3 —tectonic fracture zone.
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Unfortunately more detailed researches within this anomalous area were not conducted. The
future study of this region may open new perspectives on hydrocarbon deposits areas.

Conclusions

The electromagnetic experiments conducted by the Ukrainian Antarctic expeditions in 2004
and 2006 yielded a new dataset containing information about the internal crustal structure of
continental shelf of Antarctic Peninsula. New estimates of the depth of the Moho discontinuity in these
areas were obtained.

New obtained data on the geophysical field distribution for the tectonic structures of the West
Antarctica lithosphere enabled to separate local crustal inhomogeneities of the continental margin of
Antarctic Peninsula. A great effect of the tectonic factors on the formation of the inhomogeneous
sediments, some intrusion zones and tectonically active fault zones of continental shelf has been
detected.

Deep crustal heterogeneities of the Palmer Deep Basin that were obtained from the VERS data
along the series of profiles could be connected with processes of tectonic transformations of the
Antarctic Peninsula shelf structures during the processes of postsubduction volcanism.

Possibly, the conformities of continental shelf glacial streams may be explained exactly by a
tectonic factor of recent geological past. New information about sediment distribution and inner
crustal structure has an important value for the hydrocarbon deposits of Palmer Deep region
searching.

References

1. Levashov S.P., Yakymchuk M.A. Korchagin I.N., Pyschaniy Ju.M., Yakymchuk Ju.M.
Electric-resonance sounding method and its application for the ecological, geological-geophysical
and engineering-geological investigations. 66nd EAGE Conference and Technical Exhibition. Paris,
France, 7-10 June 2003. CD-ROM Abstracts volume.

2. Levashov S.P., Yakymchuk N.A., Korchagin L.N., Solovyov V.D., Kozlenko Yu.V. New
data about crustal inhomogineities and fluid regime features of West Antarctica bottom structures. 69-
th EAGE Conference and Technical Exhibition. London, United Kingdom, 11-14 June 2007. CD-
ROM Abstracts volume. PO13, 4 pages.

3. Levashov, S.P., Yakymchuk, N.A., Korchagin, I.N., Bakhmutov, V.G., Solovyov, V.D.,
and Bozhezha, D.N. (2007), Drake Passage and Bransfield Strait — new geophysical data and
modelling of the crustal structure, in Antarctica: A Keystone in a Changing World — Online
Proceedings of the 10th ISAES X, edited by A.K. Cooper and C.R. Raymond et al., USGS Open-File
Report2007-1047, Extended Abstract 028, 4 p.

4. Rebesco, M., Camerlenghi, A., L. De Santis., Domack, E., Kirby, M. Seismic stratigraphy
of Palmer Deep: a fault-bounded late Quaternary sediment trap on the inner continental shelf,
Antarctic Peninsula Pacific margin/ Marine geology, 1998,151, 1, P. 89—110.

5. Domack E., Amblas D., Gilbert R. et al. Subglacial morphology and glacial evolution
Palmer deep outlet system, Antarctic Peninsula. Geomorphology, 2005.

6. Sroda P., Grad M. & Guterch A. Scismic Models of the Earth's Crustal structure between
the South Pacific and the Antarctic Peninsula /The Antarctic Region: Geological Evolution and
Processes, 1997, P. 685—689.

134



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

