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Abstract. The 2004 (9") and 2006 (11™) 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 along Bransfield Strait, Antarctic Peninsula, with the aim of
studying the crustal structure of these features down to depths of >30 km.

The electromagnetic experiments yielded new data set with unique information about the inner structure of
Drake Passage and West Antarctica crust. New values of Moho discontinuity for these structures were
obtained. Results of geophysical researches allow investigating the deep structure of the earth's crust in the
region where mantle diapirs have introduced to the ancient continental complexes of Bransfield Strait.
Beneath the Drake Passage, Moho is interpreted at extremely shallow depths of 8—12 km; the origin of a
deeper anomalous layer at 14-20 km is unknown at this stage. Both Moho and the deeper layer show strong
relief in the vicinity of the Shackleton Fracture Zone. Moho in the Bransfield Strait profile is interpreted at
depths of 12-28 km, while the lower crustal layers and crust-mantle transition zone show radical variations in
depth and thickness. Geoelectrical data confirm possible crustal extension and existence of mantle material at
depth of 12-16 km.

Similar results obtained by three different methods (gravity and magnetic surveys, vertical electric-resonance
sounding) during Ukrainian Antarctic expeditions in 2004-2006 years assure the notable magmatic dynamism
of Bransfield Trough that forms in the conditions of structural transformations and rifting processes migrating
NE-SW along Bransfield Strait. s :
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Introduction

New geological and geophysical data that have been obtained during last years for botto
structures of West Antarctica are of particular importance for evolution and geodynami
processes of this region understanding. Obtained crustal inhomogeneities could be connected:
some evolution stages of Antarctic Plate, Drake Passage and magmatic processes of Brans
Strait. Figure 1 shows the principal tectonic elements of study area [1].
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comb@ned 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
puises. Compgred with earlier techniques, this method has the benefits of increased field efficiency
and Qroductlvny. The VERS method is based on processes which polarize naturally-occurring
electric f_'le!ds at the surface of Earth. The polarised fields are analysed for their spectral
characteristics. The method makes possible the efficient and accurate determination of a
stratigraphic model beneath a sounding site.

.'_I'hese techniques were applied during the 2004 (9™) and 2006 (11™) Ukrainian Antarctic
expedmon‘s. 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 K 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 [2, 3].

During expeditions more than 200 soundings were done. The main purpose of these works
was to investigate the deep structure of the Earth’s crust along some profiles through Drake
Passage and Bransfield.

Strait area. Profiles were acquired in the Drake Passage between southernmost South
America and the northern tip of the Antarctic Peninsula (Fig. 2a) and in the Bransfield Strait in the
vicinity of the Ukrainian Antarctic Station Academician Vernadsky (Fig. 2b) (Fig. 2-5 see the
color paste).

The results are displayed here in the form of interpreted profiles on which the VERS
soundings and FSPEF profiles are overlaid. Study area has been the subject of our marine
geophysical investigations during 1997-2006 years [2,3]. The geodynamic setting of the crustal
structures of this area have been reconstructed from the marine magnetic anomalies, modelling of
the gravity anomalies, seismic reflection and refraction results and geoelectrical studies.

Investigation results

The results of geoelectrical modeling along these profiles through tectonically active zones
of Drake Passage, Bransfield Strait and South Shetland Trench are discussed.

The interpreted geoelectrical cross-section along the profile through Drake Passage shown
in Figure 3 was acquired in 2004 down to a depth of approximately 7 km. In 2006, the application
of the VERS technique was modified to allow the acquisition of data d9wn to a depth of >30 km
(Fig. 3) from north to south (left to right) the profiles show the cc?nnnental crust of the South
American continental margin, oceanic crust of the Scotia and Pacific Plates, separated by the
Shackleton Fracture Zone, southwards subduction of the Pacific Plate at the South Shetlands
Trench, and the continental crust of the Antarctic Peninsula. :

The areas of raised polarization and geoelectrical resistance (dike zones),. as w_ell as area of

the lowered geoelectrical resistance (zones of the crush'mg)‘ stand. out on soundmg. diagram in Fhe
crystalline basement rocks. Dike series are clearly distinguished in local fragrpentmg and heatllr(\g
zones on this part of the lithosphere of the Drake microplate In the cr)./stalllme basemer’xt rocl:1 ls
zones of increased polarization and resistance are interpreted as intrusive igneous 'rocl\s, while
areas of the decreased resistance are interpreted as due to the crushing of rocks at major basement
fractures.
The analysis of the magnetic anomaly patterns in Drake Passage has allo»\fed th;
reconstruction of the geological events since Late Oligogene [445]. The existent negatxvefa:})\e
positive magnetic anomaly distribution associated with drfferent time of the formatlont.oscale
oceanic floor areas corresponds with the dated linear anomalies of the Lamont paleomagnetic

11



AKE PASSAGE AND BRANSFIELD
DR 4 et

i iLS OF % L R
S.P. Levashov: GEOPHYSICAL MODI od o1 the magnetic anomalieg analya:.
4 oy 6 ge

onstructions based on ered the geodynamic eyeng g

i ~8.28 m.y. Palcoreconsit 5. and recov ) - hat

»\fhose age is 7.07-8 Dr'xkyc Passage opening .IusloD’ e i and the evolution of large strucmu.}

S o s y -egion of the interaction & . by a single active volcanig A1Ch flg

took place in West Antarctica as al reg ified in Early Mesozoic by @ b
. 2 3 o n M

SW Pacific and Antarctic Peninsula u gy ‘

i zone. i shed here. On 3

formed the western marginal Gondvana zone s ute ‘usually duslmgunsp ! e oh_h m

Recently two systems of oceanic anomalies ld volution of the migrating Aluc (Phogpiss

Sy : nd the e ; B flh‘N )

Sl es of the existence a ) {ing center o ¢ Nasca Rig

was formeddz.u d;ﬂerteel;t :fg the other is associated with Sblr'cj,(ted%ectoﬂic interaction "

ridge spreading cen ica coast [6]. The complic 2, Shepu d

situated south-west of the South America coast [¢ iia. Aluc (Phoenix), She Was at som,

large and small plates (North American, Antarctic, ISC((;(I,(n‘,jnatcd by phases of regional and Joeal

= R > i A

evolution stages discontinuous and was altern?uvzrition dveatils ard subducion expressed iy

influence. It was accompanied by processes 0 acd namics of the behavior of the spreading rageg

dated linear magnetic anomalies and fixing of the dy ; ¥

for the last 35my [5-6]. he South American margin,

3 tont gin,
Figure 3 indicates that sedimentary rocks are largely alzisegrticularly in the South Shetlarnds
Whereas they are relatively thick on the Antarctic margin, and p gy

iRy i ntral part of Drake
Trench. The sedimentary cover thins towards thefrWest Scotia Ridge in the central p f ake
Passage, and the ridge crest is generally sediment-free. ‘ = nce extended glf
cThe U e S b }iUI)dl;; t::)ns?z:eotfh:::t?ve subduc‘tiieoel.
along the western margin of the Antarctic Peninsula but there G encitios of the
depths to 6 km (fig. 3). Possibly, this distribution ]of the g;oll)(l)lgjllc:ndl ¥ (?tl;]bli ot s thofe'
i r the Antarctic Peninsula may be ¢ ¢ al
gﬁrog:iellgzzzgzr zr::: It’s known, that seismological evidence of sgb@uctlon and the gr
presence of downgoing lithosphere beneath the South Shetland lslandg is limited. But recent ..?:f,
data are consistent with GPS measurements that suggest a subduction ratf: qf l?ss than | cm/s .
Absence of intermediate depth earthquakes is consistent with thermal assimilation of the sl_a:_'
7 %
shallowvc;erxi);:f ([)f]schematic electromagnetic crustal model of Drake Passage is rather complicated
(fig.3, 4). It was the first experience of deep modification (up to 32 km) of VERS method using..
Obtained VERS-data have been used to compare Drake Passage crustal sections at opposite
sides of transect and seismic data for deep structure of continental margin at the South Shetland
[slands and South America. There were many points where transition layer “crust — mantle” was
obtained. An additional deep horizon was detected on this profile at depth about 15-20 km (fig4)
Now it is rather difficult to identify its nature. y
Application of deep VERS profiling has also provided new data about the deep crusta
structure of Bransfield Strait. i
Bransfield Strait, marginal basin located between the South
Antarctic Peninsula, usually has been considered as a back

Shetland archipelgo and th
~ arc basin developed in relatior
Loer the Antarctic plate, In oher mod
| eractions between the Antarctic 2
Scotia plates[8]

Crustal thickness estimates for Bransfield Srait hay
seismicity data confirm that Bransfield B
forming. Extension is focused in the side o

ficl Ve been inconsistent. Seismic and
asin s undergoing extension but new oceanic crust

f the strait adjacent ‘
Ao LT j to the South Shetjand Islands.

on Is consi s 3 3 i
observed from seismic data, The basin crust jg ?c?(f]iitiz?: t\gltll;eﬂ,l,e, am(:unt oy IS
anoma}y data across Bransfie]d Strait produce a strong positive (rmg Oceanic crust.Ma
exFrus?we fea'tures due the volcanijc eXtrusions of basalts This ar magrlletlc anomaly qver the
coincides with neovolcanic ridge. Free ajr gravity Vélueg ; 1'0m2§y along the axis of the
uniform and correlate wigh water depth, wigh Or Bransfield basin are rel

4 ) th the ; ‘ S
locations of recent extension and volcanism 8 10] EXception of the major volcanic fe

12






Y3 asle

ture along profile 4 in Bransfield St; !
del of the deep crustal struc : ; il
ion of the profiEoshown in Figure 1(b). 1 - complex (t)lfe-vzl.c?\illi)chﬁ% 3 ug;gzr; lsn?
; Ocitclﬁrsl of crust-mantle transition; 3 - rocks of the upper mantle; ) :
- T

points; 6 - tectonic fractures

Figure 4. Schematic

:g;'mmw .._....h-\,‘__q_.\/./ = I',(‘\.V- ——] ‘.\,\/\- —_—

Lol 2 ,—.«‘,';' E: : - LS JEF2 X |
Figure 5. Schematic model of the deep crustal structure along profile 4 in Bransfield

Location of the profile shown in Figure 1(b). 1 - complex of volcanic and crystalliné{;

rocks of crust-mantle transition; 3 - rocks of the upper mantle; 4 - Moho boundary; 5
points; 6 - tectonic fractures



S.P. Levashov: GEOPHYSICAL MODELS OF DRAKE PASSAGE AND BRANSFIELD ...

This could be caused either by rift propagation toward the southwest into continental crust
which has undergone less extension [4], or by the rift opening about a near pole located to the
southwest of Bransfield Strait [S]. These conclusions agree with bathymetric evidence that shows
shallower depths and no clear rifiing zones south of Deception Island [6, 7]

Polish Antarctic expeditions have obtained new data on the crustal structure of this region.
They have shown different types of continental crust in separate blocks of the Antarctic Peninsula
and provided new information about anomalous crust in Bransfield Strait at depths of 14-30 km.
The crustal thickness varies from 36-42 km (Adelaide, Anvers Islands) to 25-28 km towards the
Pacific Ocean [9,10]. The geoelectrical interpretation presented here confirms possible crustal
extension and the existence of mantle material at depth of 12—16 km (Fig. 5).That is why new
geophysical data about deep structure of study area are crucial for tectonic models that propose the
different mechanism of the rifting processes in Bransfield Strait

The primary observations in the interpretation of this along-strike profile can be
summarized as follows:

a) upper and middle basement layers, down to depths of about 14 km, are of
generally uniform thickness;

b) deep basement is restricted to the southern end of the profile, where it is found at
depths of 1424 km;

¢) crust-mantle transition rocks of highly variable thickness are interpreted along
much of the line; and

d) Moho depths are highly variable along the profile.

Position of mantle diapir or high velocity block in lower part of the earth's crust of
Bransfield Strait is enough confidently determined by seismic data. Its role in formation history of
this rifting region is rather unknown. It is possible to assume that introduction of mantle diapir in
the Earth’s crust of axial zone of Bransfeild Strait has happened during early stages of its forming.
Series of plateau upwelling in SW part of the Antarctic Peninsula shelf area in Pliocene —
Pleistocene happened as a result of such introduction. Process of the equalized plateau surface
lowering was beginning with cooling of hot masses in the north-eastern part of Bransfield Strait.
Deep diapir formation that accompanied by rift introduction to the continental Paleozoic —
Mesozoic massive had important value for geodynamic processes in this region.

We also observe that the location of submarine volcanic structures in Bransfield Strait
appears to be given by high gradient zones in the FSPEF data where its sign changes. The
geophysical data interpretation suggests a local character of the present submarine volcanic
activity in the SE part of Deception Island. The magma source has deep roots and is associated
with a local tectonic disturbance. Its top has been estimated to be at 1.5—1.8km depth.

Active rift of the Bransfield Strait is the component part of the regional rift zone that is
stretched out from the Deception Island on the West to the South-Sandwich Island arc on the East.
At the modern stage of its development it is possible to suppose further rifting processes
advancement in SW direction.

Conclusions

The electromagnetic experiments conducted by the Ukrainian Antarctic expeditions in 2004
and 2006 yielded a new dataset containing potentially valuable information about the internal
crustal structure of Drake Passage and Bransfield Strait. New estimates of the depth of the Moho
discontinuity in these areas were obtained.

The new geophysical data allow investigation of the deep crustal structure in a region
where possible mantle diapirs have been emplaced into the pre-rift continental complexes of
Bransfield Strait Therefore this region is interesting not only from the viewpoint of studying
processes of multiphase expansion in Mesozoic, but also as an area of young tectono-geodynamic
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