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Abstract. Results of deep seismic soundings collected during
four Polish Geodynamical Expeditions to West Antarctica
between 1979 and 1991 have been synthesised to produce a
map of Moho depth beneath the NW coast of the Antarctic
Peninsula. In this paper, we present a new interpretation of
the deep landward projection of the Hero Fracture Zone based
on two seismic transects. On each transect we found high
velocity bodies with Vp>7.2 km s?, similar to ones we
detected previously in Bransfield Strait. However, these
bodies are not continuous; they are separated by a zone of
lower velocities located SW of Deception Island. In Bransfield
Strait an asymmetric “mushroom”-shaped high velocity body
was found at a depth interval from 13-18 km down to the

Tectonic Setting

The tectonic history of the western margin of theakctic
Peninsula has been reconstructed mainly from sarfac
distribution of marine magnetic anomalies on the
neighbouring sea floor by many authors (e.g., Heand
Tucholke 1976, Barker 1982). Ocean crust formethat
Aluk Ridge (Fig. 5.2-1) must have been subductatehth

the peninsula, until segments of the ridge itsaifvad at

the margin and subduction stopped. Subduction and

Moho boundary at a depth of ca. 30 km. As a summary of
results, we present a map of Moho depth along the coast of
the Antarctic Peninsula, prepared using previous seismic 2-D
models. The maps shows variations in crustal thickness from
38-42 km along the Antarctic Peninsula shelf in the southern
part of the study area to 12-18 km beneath the South Shetland
Trench.

spreading stopped along well defined segments ef th
margin at different times, the spreading ridge tppphy
disappeared and the zone where the ridge segment ha
arrived became a passive margin. These processes
repeated in successive segments of the subduckite, p
separated by numerous fracture zones. Accordihgutier

and Barker (1991), this process occurred until a50b-

3.1 million years ago when the last segment ofritige
reached the section of the margin south of the Hero
Fracture Zone (HFZ). The date of last ridge segment
arrival at margin becomes 6.4-3.3 Ma when the Camide
Kent (1995) magnetic reversal timescale (MRTS)ssdu
(Larter et al. 1997). Between the latter and thac8keton

Introduction

During four Polish Antarctic geodynamical expedito

between 1979 and 1991, deep seismic sounding (Dgé?;twe Z_one (SF2), there is the last prese_rvblubl_zgh
measurements were performed in the transition zohe |nact|ve_, fragment of the AIuk-An_tarc_:tlc spreagl
between the Drake and South Shetland microplaids$hen axis. Spreadlng has now stopped on this ridge ¢t amd
Antarctic plate in West Antarctica. The network 20 Barker 1991, leemor_e et_ al. 2000; Eagles 2004).

DSS profiles ranging in length from 150 to 320 k The landward projection of HFZ separates the South
covered the western side of the Antarctic Peninfala rghet_land Island§ and the Bransfield Basin from a
Adelaide Island in the south to Elephant Island toa continental, passive zone further tp th_e south r(dﬂear_ld
north (Fig. 5.2-1). The seismic results obtainedrdufour 'I_'uc_h_olke 1976). S_everal tectonic _lineaments, qhscon
expeditions, were published in a number of papquwn_es and geological structur_es between Deoepalnd_
(Guterch et al. 1985, 1991, 1998; Grad et al. 14993, -OW islands were presented in many papers and inte-
1997, 2002: Janik 1997aKroda et al., 1997Sroda, rpreted as landward projections of HFZ. Interpietanf

2001, 2002). This paper presents new 2-D seismiteiso de_tailgd Iong-r_ange si(_jescan sonar data and masiieH
for a network of six jointly modelled profiles alprtwo seismic reflection profiles shows that the Soutlettimd
seismic transects: Transect | - DSS-10. DSS-7 @8-p 1 rench continues 50 km southwest of the HFZ (Tosalm

(together 660 km long); Transect Il - DSS-6, DSSat at al._ 1992; Maldonado at al. 1994; Jabaloy eP@03).
DSS-5 (460 km). Both transects were sub-parallghto Her_met et al. (1992) pre_zsented ~50 km_W|de .HFZ and
northwestern coast of the Antarctic Peninsula, singsthe Sm|tt_1 Island, a _blueschlst terrane sho_vvmg evidente
transition zone from a passive to an active maggid conS|derabIe_upI|ft, located exactly in frorft dhe
main structures of the Bransfield Strait (Fig. )2Based HFZ_'l Thf?y |nterpreftec;l1 a t;\(l)ukghRs_guthwesé of HFZaas d
on these results and previous models, a map of MJRS‘S' it valley of the Alu idge and suggeste
depth along western coast of the Antarctic Peninsuds

prepared.

From: Futterer DK, Damaske D, Kleinschmidt G, Miller H, Tessensohn F (eds) (2006) Antarctica:
Contributions to global earth sciences. Springer-Verlag, Berlin Heidelberg New York, pp 229-236
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Fig. 5.2-1. Location of deep 2
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seismic soundings (DSS)
profiles and transects in West
Antarctica.Seismic stationsAB:
Almirante Brown,AP: Arturo
Prat,DA: Danco,DC: at
Deception IslandpM: Damoy,
HB: Hope BayHM: at Half
Moon IslandHS: Horse Shoe,
KG: at King George Island,V:
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at Livingston IslandML:
Melchior, OH: O’Higgins, PT:
PetermannPV: PrimaveraRT:
RotheraWT: Watkins,01-09:
ocean bottom seismographs.
Transect (pink stripe): DSS-

10 + DSS-7 + DSS-2; Transect
Il (green stripe): DSS-6 + DSS-
15 + DSS-5. The positions of
fracture zoneg¢F.Z.), the South
Scotia Ridge (S. Scotia R.) are
taken from Barker (1982), Larter
and Barker (1991) with
modifications after Tomlinson
et. al (1992). Bathymetry
contours are plotted at 500 m
intervals (ETOPOS5 data file,
NOAA’s NGDC), using GMT
software by Wessel and Smith
(1995). Inset: Plate tectonic
elements around the Scotia
region from Tectonic Map of the
Scotia Arc (1985), and
Birkenmajer et al. (1990).
Abbreviations:SST: South
Shetland TrenchAR: Aluk

Ridge: divergent plate boundary,
ridge and transform faultspen
arrows show direction of
subductiondouble, black

arrows present relative motion at
the North Scotia Ridge plate
boundarywhite circles:
epicentres of the 1963-1985
earthquakes (for earthquakes
with mb > 5.0) by Pelayo and
Wiens (1989)dashed lines
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that spreading stopped some 5 Ma ago, shortly &dfar
ridge collided with the trench. The width and piositof
the ridge associated with HFZ was clear from battyyn
map published by Larter and Barker (1991), and
orientation was confirmed by interpretation of GLIAR
data published by Tomlinson et al. (1992). Froms,thiis
clear that any such fossil rift valley would haveeh
oblique to the margin. In fact the trough describimd
Henriet et al (1992) is the part of the South Simetl

et al. 2003), just northwest of the landward progec of
the HFZ, shows major structural components simiitar
those typically observed along the margin to thelseest

it the HFZ. The continuation of the post-subduction
margin structures to the active margin suggests tthey
boundary between crust with passive and active imsrg
characteristics is not sharply defined.

Trench that continues to the south of the HFZ, Wh& Sejsmic Modelling
seen very clearly in the GLORIA sidescan sonar data

presented by Maldonado et al. (1994). Jabaloy et gkamples of seismic record sections and 2-D maugglli

(2003) identified here two active major reverseltfauA
seismic reflection profile running along Boyd &tr (Jin

are presented on Fig. 5.2-2. The travel times fsthceed
and reflected P waves, correlated in the res®dtions
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Fig. 5.2-2. Amplitude

station DM (Damoy 1.); and Transect Ib DSS-6 profile, station PV (Primavera)r DSS-5 profile, station PV

Transect la DSS-10 profile

stationPT (Petermannf. Abbreviations:Pg:

M (Damoy)e,

statio

refracted arrivals from the crufyive: waves penetrated HVEBPHveP: reflection from the top of the HV

discontinuity,

(Primavera) and fod DSS-15 profile, station DA (Danco Island)

BmP: reflection from the Moho

lower lithosphere phaseBottom diagram of panelc presents synthetic section. Reduction velocity kiDs®. Grey

shading area shows range of HVB.

P:
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along the profiles, provide the basis for the miaglof northwestern coast of the Antarctic Peninsula aredtain
the velocity distribution and depths to the seismatructures of the Bransfield Strait.

boundaries in the seismic models of the crust and

uppermost mantle (Fig. 5.2-3). For 2-D modellingtloé Transect |

velocity structure we applied the ray tracing teghe for

calculations of traveltimes and synthetic seismugraA ca. 70 km long, high velocity body (HVB), with
using the interactive version of package SEIS8&eny Vp> 7.2 km & was modelled at km 360-430 from 12 km
and PSetik 1983) supported by graphical interfacedown to the Moho boundary located here at a dep8bo
MODEL (Komminaho 1998) and ZPLOT (Zelt 1994)km. The SW part of the model (DSS-10S) is afterda et
Results of 2-D modelling of the network of lineaS® al., (1997). In the upper crust, a layer with véies 6.3-
profiles provide images of the very complicated mleé.4 km § down to 12 km depth was found. In the central
structure of the Earth's crust in the Bransfieltaibtand and NE parts of the transect, layers wifh <5.8 km &
along the margin of the Antarctic Peninsula. Exaspmf were modelled in the upper crust. This differere@lso
results of the 2-D modelling for different parts thfe evident in the lower crust where velocities are 7.25 km
transects are shown in Fig. 5.2-2. st in the southwestern part and 7.25-7.4 Khmiis the
northeastern part. The crustal thickness decrdemas36-
39 km in the southwest and central parts of thestret to
31 km in the northeastern part. Sub-Moho velocités
The seismic models of the crust and uppermost mar@l05 km & and a deep reflector (55-45 km, at distances
(Fig. 5.2-3) along both transects cross the tramsitone 210-600 km) were modelled for the upper mantle.
between the passive and active margins of the

Crustal Models

w
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Fig. 5.2-3. Two-dimensional, P-wave velocity models across ¢betact zone between passive continental margithef Antarctic
Peninsula shelf and the active marginal zone inatiea of Bransfield Strait, along two transectsveen Petermann Islan®T) and King
George Island: Transect | — profile3SS-10, DSS-7 andDSS-2 (SW part of the modeDSS-10S, after Sroda et al. (1997); Transect Il —
profiles: DSS-6, DSS-15 and DSS'5. Thick, black lines represent major velocity discontinuities (intedal Thin lines represent velocity
isolines with values (km/s) shown ivhite boxes. Thered box shows velocity of HVB required by data recorded\velchior (ML) station
only. Black arrows show positions of stations anetl arrows crossings with other DSS profiles. Other explaretias in Fig. 5.2-1.
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Transect Il

Two high velocities bodies were modelled; the ficst. 80
km long and 5km thick, withvp>7.1 km &, was
modelled at km 170 at a depth of 15 km; the seaore
in the central part of Bransfield Strait, wittp = 7.2-7.7

to the Moho boundary. The pattern of HVB on the
Transect Il, is different, ~100 km wide and onhkré
thick, but the Moho boundary is the deepest bendst

(42 km). The existence of a HVB was not confirmed
further to the NE. Velocities of ¥p<6.5 km &' at depths
10-15 km and/p=6.6-6.75 km 3 at depths 6-20 km were
detected on Transects Il and | respectively, soeshw

km s at km 250-360 extends from a depth of 13 km dovfom the Deception Island. Similar low velocitiene
to the Moho boundary. The bodies are separatedloy a detected on DSS-4 at depths 7-15 km (Janik 19978kia)

velocity zone withvp<6.4 km §. In the central part of the seismic results obtained for the Bransfield Straie
transect, velocitie¥p~6.7 km &, typical for middle crust, syummarized in Fig. 5.2-4.

were modelled down to the Moho boundary which reach
depth of 42 km in this area. The lower crustal uities
are 7.3 km S in the 7 km thick southwestern part and 7.Rlap of the Moho Depth

km s’ in the 12 km thick northeastern part of the model.

Sub-Moho velocities 8.10-8.15 krit and a deep reflector Based on the models of crustal structure presereegl as
(55-40 km) at distances 100-400 km were modelledhie Well as on previous results of seismic modellinga(@et
upper mantle. al. 2002; Guterch et al. 1998), a map of isolinedapth

Images of the crustal structure along the transams to the Moho discontinuity along the Antarctic Pesila
different. Along Transect |, located more to thethwest, was prepared (Fig. 5). The depth to the Moho vale®
the HVB (Vp>7.2 km &) is very clearly expressed, beingaken where available along all profiles. Betweles data
points the Moho depth was interpolated

about 70 km wide at a depth from 12 km
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Fig. 5.2-4. P-wave velocity anomalies detected in the crughéenBransfield Strait marginal basin against & 8outh Shetland Islands.
Range of the previously identified high velocityushroom-shaped) body (HVB) withp>7.2 km s® in the Bransfield Strait, detected at a
depth of 10-18 km, deduced from two-dimensional efloth of the net of intersecting deep seismic esf Violet colour shows the places
where the depth of high velocity body reaches 30 Atrother placesygllow colour), the thickness of the body is relatively smatiuihern
part) or unknown (northwest part).
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Fig. 5.2-5. Map of the depth to the Moho boundary along thtafctic Peninsula, based on data from raytracindets of the crustal
structure. Areas filled with blue lines in the cahtpart of the Bransfield Strait mark the extehth@ high velocity anomaly, where at a
depth of 13-18 km P-wave velocities reach 7.2 Kires well as the extent of two other areas of atmmséy high velocity. In the NE part of
this area, due to possible existence of a thicktemantle transition, the isolines do not refléet &ctual Moho depth (see Fig. 5.2-4).

to create a 2-D surface. The map shows that thénmiax rifting processes at its NE limit. Can we connedsience
crustal thickness, 38-42 km, occurs along the Atiar of HVBs, expressed on both transects, with theamd
Peninsula shelf between Adelaide Island and Palnextension of HFZ? One explanation could be movement
archipelago. Towards the Pacific, the Moho deptiong the boundary between a passive and an active
decreases and reaches 30-32 km at the edge ofatealy margin (?rotation of South Shetland Microplate),ickh
In central part of the Bransfield Strait, seism&logities could create conditions for injection of upper nbant
reach anomalously high value of 7.2 kthat a body that material into the crust, or uplift of the lower stu
is asymmetric “mushroom”-shaped in three-dimendiona In the NE part of the Bransfield Strait where thgger
form (same as in Fig. 5.2-4), the top of which heded “mushroom” HVB has its root, velocity increases
with blue lines, at depths of 12-18 km. Below thE part continuously to 7.8 kmsat 30 km depth. This suggests
of this body, Moho depth is not well resolved. Adotihe the existence of a thick crust-mantle transitionegooften
coast of the Antarctic Peninsula the Moho depthbisut encountered in active rift zones, rather than @-kke
34 km, and along the South Shetland Islands crustédho boundary. Therefore, the area marked by violet
thickness reaches 35km. The latter area separae®ur on Fig. 5.2-4, indicates that the veloc@glines do
Bransfield Strait from the South Shetland Trencheme not reflect the Moho discontinuity depth.
the minimum Moho depth in the area occurs (12 km). The papers by Barker et al. (2003) and Christeson e
al. (2003) present the results of a wide-anglengeis
experiment with a net of eight profiles, conductied
Bransfield Strait in 2000. Christeson et al. (2003)
detected, similarly to our investigations, velasti>7.25
Discussion km s' at a depths 10-15km at the central part of
Bransfield Strait, which they interpreted as the hdo
On the SW end of landward projection of the HFZ weoundary. In our interpretation it is the top of BV
detected two HVB's with/p>7.2 km §". The geometry of (Fig. 5.2-4). The well documented upper mantle eigjo
our network of measurements, for obvious reasoms, Wp>8.0 km § on the record sections along 300 km of
not optimal to detect details of the structure faf whole DSS-20 profile (Grad et al. 1997), strong refleatidrom
landward projection of HFZ. From our data we cam nthe Moho boundary observed on DSS-17 profile (Gaad
prove or disprove connection between the HVB’sha tal. 1993) and lower velocities (~6.9 krﬁ)sietected below
south; but we are sure of a their separation fieenHVB HVB along DSS-3 profile (Janik 1997a,b) confirm our
of Bransfield Strait by a zone of lower velociti€Bhe interpretation of the Moho boundary at a depth & km
extend of the HVB in Bransfield Strait is contralldy below Bransfield Strait.
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Conclusions

Cerveny V, P3etik | (1983) Program SEIS83, numerical modelling
of seismic wave fields in 2-D laterally varving ldled structures
by ray method. Charles University, Praha

s Maximum crustal thiCknes_S of 38-42 km occuUrgagles G, 2004. Tectonic evolution of the Antar@ooenix plate
along the Antarctic Peninsula shelf betweensystem since 15 Ma. Earth Planet Sci Letters 217:@

Adelaide Island and Palmer archipelago.

Gambba LAP, Maldonado PR (1990) Geophysical ingatin in

« Towards the Pacific, the Moho depth decreasegﬁe Bransffield Strait and Bellingshausen Sea.-afgiica. In:

and reaches 30-32 km at the edge of study area.

John BST (ed) Antarctica as an Exploration Fron#ener Assoc
of Petrol Geol 31, Tulsa, pp 127-141

¢ Minimum Moho depth in the study area issarrett Sw, Storey BC (1987) Litospheric extension the

beneath the South Shetland Trench (12 km).

Antarctic Peninsula during Cenozoic subduction.Goward MP,

* In the central part of the Bransfield Strait setsmi Dewey JF, Hancock PL (eds) Continental extensiatotecs.

velocities reach an anomalously high value of 7
km s' at 13-18 km depth in the “mushroom”

shaped body.

_ZGeoI Soc, London $pec Publ 28: 419-431

Grad M, Guterch ASroda P, (1992) Upper crustal structure of
Deception Island, the Bransfield Strait, West Adtiga. Antarctic
Sci 1: 460-476

* In the NE part of Bransfield Strait, near the axisrad M, Guterch A, Janik T (1993) Seismic structafe the

of the active rift, velocities increasing from @
7.7 km §" were found.
e The area of shallow Moho depths (ca. 30 km)

central part of the Bransfield Strait extends

lithosphere across the zone of subducted Drake platler the
Antarctic plate, West Antarctica. Geophys J Intefrb: 586-600
rad M, Shiobara H, Janik T, Guterch A, Shimamurd D7) New
seismic crustal model of the Bransfield Rift, WAstarctica from
OBS refraction and wide - angle reflection data.o@ws J

A

between the coast of the Antarctic Peninsula, withnternat 130: 506-518
a Moho depth about 34 km, and South Shetlaglad M, Guterch A; Janik TSroda P (2002) In: Gamble JA;

Islands, with a Moho depth of 35 km.

Skinner DNB; Henrys S (eds) Antarctica at the clafea

«  On the landward projection of the HFZ, two high millennium. Royal Soc New Zealand Bull 35: 493-498

velocity bodies with/p>7.2 km & were detected,

both separated from the HVB of the Bransfield

Strait by a zone of lower velocities witfp<6.6
km s*.
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