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ABSTRACT 

Interpretation of a 1000 miles of seismic data, covering the eastern 

part of the Weddell Sea continental shelf, in Antarctica, reveals a 

passive margin environment adjacent to the East Antarctic craton. 

Two major seismic stratigraphic sequences bounded by regional unconfor¬ 

mities onlap a highly eroded and possibly faulted acoustic basement. 

The basement terranes which exhibit high magnetic susceptibilities were 

tentatively correlated with Mesozoic igneous rocks identified in the 

Transantarctic Mountains. The older sequence is formed of nearshore 

deposits which do not contradict the presence of ice on the mainland. 

The younger sequence, however, exhibits the seismic response expected 

from glacially derived sediments. The angular unconformity separating 

both units was probably related to a major (late Oligocène?) drop of 

sea level, while the erosional event which followed the deposition of 

the glacial series corresponds to a peak in glacial activity (Pliocene?). 

Structural framework of the area can only be approached through broad 

scale studies involving the complex relationships between the East and 

West Antarctic subcontinents. 
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INTRODUCTION 

During the austral summers of 1977 and 1979, the Norwegian Polar 

Institute led two scientific cruises to the Antarctic. The area ex¬ 

plored lies offshore of the eastern coast of the Weddell Sea, between 

longitudes 16°W and 42°W (fig. 1). The geophysical data gathered, 

representing 1,000 miles of medium penetration seismic tracks and 100 

miles of marine magnetic profiles, are the basis of this study. These 

data are quite unique , since limited exploration of the continental 

shelf of the Weddell Sea has occurred. An attempt was made in this 

study to integrate seismic, magnetic, and gravity data to reconstruct 

the geologic history of the continental shelf of the eastern Weddell 

Sea. 

Both the Weddell Sea and Ross Sea (fig. 1) are part of a series 

of depressions and basins which naturally divide the Antarctic continent 

into two subcontinents: East and West Antarctica. These low terranes 

lie mostly below sea level and are thought to be tectonically related 

by a large rift zone separating the subcontinents. The two sub¬ 

continents exhibit distinct differences. East Antarctica is a continu¬ 

ous cratonic high underlain by some 45 km of continental crust 

(Demenitskaya, 1960) while West Antarctica is characterized by a series 

of isolated topographic highs several thousand meters in elevation which 

are separated by troughs that extend well below sea level (fig. 1, 

Avzyuk et al, 1964). In addition, West Antarctica is younger, has a 

total crustal thickness of 30 km (Demenitskaya, 1960) and represents a 

complex, ancient active margin environment (Dalziel and Elliott, 1973, 



Figure 1: Subglacial map of Antarctia 

(from Avzyuk et al, 1964) 

1. Graham Land 

2. Palmer Land 

3. Ellsworth Land 

4. Marie Byrd Land 

5. Byrd Subglacial Basin 

6. Crary Trough 

Queen Maud Land 7. 
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deWitt, 1977; Weissel et al, 1977). More is known of the Ross Sea 

region both offshore and onshore than of the Weddell Sea. An extensive 

study of DSDP cores and geological data collected from the Ross Sea has 

led to a detailed knowledge of Cenozoic glacial sedimentation in the 

basin (Houtz and Davey, 1973; Balshaw, 1981). Since little is known of 

marine geology in the Weddell Sea, the Ross Sea was chosen as an analog 

basin in order to calibrate stratigraphic interpretation of the seismic 

data. The stratigraphic interpretation was based on the seismic strat¬ 

igraphic techniques developed by Vail et al, (1977) which involve 

definition of seismic sequences, study of reflection configurations, 

and study of signal definition. 

Anomalies encountered in the magnetic record are indicative of past 

igneous activity which may be correlated and interpreted with respect 

to a large tectonic framework. Scarcity of magnetic data eliminated 

possible extrapolation between magnetic profiles, and thus, the creation 

of a two dimensional picture of total field intensity. Reduction of the 

magnetic data was, thus, made on the individual profiles using a simple 

rule of thumb, known as Peter's Method. Published gravity data 

(Behrendt, 1966 and 1974), which cover the internal part of the shelf 

and its associated terranes, were also used to further augment the 

tectonic interpretation. 

This thesis is organized in the following manner. A brief outline 

of the geology of the Weddell Sea and glacial history of the Antarctic 

continent is reviewed as basis for interpretation of the geophysical 

records. The seismic data are presented and their characteristics 

discussed in terms of seismic stratigraphic concepts. A comparison is 

then made between seismic events in the Weddell and Ross Seas. Finally, 
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magnetic and gravity data in the Weddell Sea are integrated with seismic 

stratigraphy to further define the tectonic framework. 



CHAPTER I 

GEOLOGICAL FRAMEWORK 



GEOLOGICAL FRAMEWORK 

Overview of the Geology 

Both age and genesis of the Weddell Basin are controversial, since 

data are limited. Geology of the basics margins is derived from a 

restricted number of outcrops located in mountain ranges high enough to 

rise above the 3,000 m thick ice sheet (fig. 2). 

The basin is situated at the western edge of the Eastern Antarctic 

Precambrian shield. This cratonic area was consolidated during the 

early Paleozoic by a succession of orogenic episodes - the Beardmore 

and Ross orogenies - (fig. 3), resulting in a mountain belt which limits 

the craton on its western sector (Dalziel and Elliott, 1973). The 

Transantarctic Mountains (fig. 1) form the eastern coast of the Weddell 

Sea. Further evolution of the craton involved only epeirogenic move¬ 

ments, the latest uplifts having been dated as Cenozoic. 

The southern and western coasts consist of late Paleozoic to early 

Cenozoic strata which have recorded several deformational events. These 

roughly parallel orogenic belts move towards the Pacific through time 

(fig. 3). Subduction along the Antarctic Peninsula (fig. 1) continued 

as late as Eocene time (Weissel et al, 1977). This overall structural 

pattern is probably simplfied. Complexity of the West Antarctic 

Archipelago seems to indicate, with some probablity, movements 

between the constituent continental block or islands (Scharnberg and 

Scharon, 1972*, Cox and Gordon, 1978; Watts and Bramall, 1980) and 

eventually between East and West Antarctica (Kellogg and Reynolds, 1977; 

Alley and Watts, 1979). 

Overimprinted on the roughly north-south compressional grain which 

5. 



Figure 2: Mountain Ranges of the Circum Weddell Sea Region 

(from Dalziel and Elliott, 1973) 





Figure 3: Tectonic evolution of the Transantarctic Mountains 

and Antarctic Peninsula, summarizes a review of the 

literature which is presented in Appendix A. 
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prevails along the margin of the craton, are the rifting episodes 

responsible for the breakup of Gondwanaland (Bergh, 1977; Weissel et al 

1977; Norton and Sclater, 1979 ). This Paleozoic supercontinent 

consisted of all the southern hemisphere continents plus India. It is 

believed that opening of the Weddell Sea, dated as Mesozoic (Jurassic), 

by recent paleomagnetic data (LaBreque and Barker, 1981) occured during 

one of these rifting episodes. 

Since no orogenic pulses were recorded east of the 45°W parallel 

(fig. 2) after the Triassic to early Jurassic generalized "Gondwanian" 

episode (Table I), it is likely that the eastern continental shelf of 

the Weddell Sea is genetically associated with its immediate borderland 

rather than with the mostly volcanic terranes of the Antarctic Peninsula. 

The Crary Trough, which bounds the study area to the west (fig. 1), 

is part of the series of depression which link the Ross Sea to the 

Weddell Sea and, thus, represents a portion of the natural boundary 

between East and West Antarctica. The broad shelf which lies to the 

west of the trough is thought to be related to West Antarctica 

(Anderson,1980 ). This differentiation within the study area is made 

on the basis of broad scale structural grain and applies exclusively to 

basement terranes, rather than to the actual basin infill. Origin of 

the Crary Trough is believed to be erosional since similar types of 

features are known in other glacial environments as well as on other 

parts of the Antarctic Continental margin (Johnson and Vanney, 1976). 

The trough is bound to the south by the Pensacola Mountains (fig. 1). 

The large mafic stock which outcrops in the Forrestal Range (fig. 2), 

the Dufek intrusion, has been determined to extend beneath the trough 

(Behrendt, 1974). Age of its emplacement is Jurassic and it is 



Table I : Stratigraphic correlations, Weddell Sea Province, Antarctica, 
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associated with roughly contemporaneous sills and stocks (i.e. Ferrar 

dolerites) found throughout the Transantarctic Mountains. These 

intrusives possibly originated during an episode of block faulting and 

eventual rifting along the Transantarctic front. Their actual 

relationship in time with the age of the Weddell Sea is certainly 

significant, but can only be inferred. 

The marine geological record of the Weddell Sea is limited to 

short piston cores (Anderson, 1972) which have usually only sampled 

Upper Cenozoic glacial deposits. The only nonglacial sediments 

encountered (i.e. Core G8 - west of Crary Trough) were reworked eolian 

sands (fig. 4)(Anderson, 1972). They are possibly of Cenozoic age (fig. 

1). These same exposures apparently outcrop along the western flank of 

the trough. The only other nonglacial sediments of upper Cenozoic age 

recognized in Antarctica are found in the higher latitudes of Seymour 

Island at the northern tip of the Antarctic Peninsula (fig. 1). Here, 

outcrops of Paleocene to Eocene marine strata indicate a high energy 

deltaic environment (Elliott et al, 1975). 

Antarctic Glacial And Glacial Marine Sediments 

Sedimentation on the Antarctic continental shelf is governed by ice 

sheets which cover the continent. East Antarctica is thought to be 

covered by a stable ice sheet with a basal temperature below freezing 

(dry-base ice sheet of Carey and Ahmad, 1961). The western archipelago, 

in contrast, is covered by an unstable ice sheet whose basal temperature 

is above the freezing point (wet-base ice sheet of Carey and Ahmad, 1961. 



Figure 4: Locations of Phleger cores and piston cores taken 

during the 1968, 1969 and 1970. 

International Weddell Sea Oceanographic Expeditions 

(from Anderson, 1972) 
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These two major glacial regimes prevail, at the present, in Antarctica 

along with the valley glaciers which drain areas of high relief, such 

as the Transantarctic Mountains. 

Ice sheets transport most of their sediment load in their basal 

portions, as opposed to valley glaciers which bear large quantities of 

debris englacially (Boulton, 1975). The transportation mode, which is 

largely a function of the thermal regime of the ice sheet, control 

glacial-marine sedimentation (Carey and Ahmad, 1961; Boulton, 1972). 

Wet-base conditions are the sole criterion for deposition of basal 

till beneath an ice sheet. The seaward limit of this depositional 

mechanism is the grounding line of the ice sheet, which cannot extend 

beyond the continental shelf break. The remaining sediment load is 

deposited from floating ice. Ice rafting of sediments by icebergs, 

calved from valley glaciers and ice shelves, transport sediments far 

seaward of the continental slope. Drainage from dry-base ice sheets 

is accomplished through outlet glaciers and ice streams. The debris 

they carry is either deposited at their terminus by floating ice or is 

transported farther seaward by icebergs. 

A study of piston cores from the Antarctic continental shelf 

indicates that most of the sediments there, were probably derived from 

the basal zone of the ice sheets (Anderson et al, 1980). Three 

principal facies are recognized and their characteristics are outlined 

on Table II. The most widespread facies is basal till, which reflects 

deposition beneath a grounded, wet-based ice sheet. The other two 

facies, residual and compound glacial marine sediments, are believed 

to be ice-rafted sediments reworked in the marine environment either 

during or after deposition. They reflect either vigorous (residual) or 
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Table II 

Outline of characteristics of Antarctic glacial and glacial 

marine sediments (after Anderson et al, 1980). 

Compound Ciselai Residual Glacial 
Basil Till Marine Sediment Marine Sediment 

Stratification Bona Crudely to vail stratified Crude or absent 

Texture Polymodal sits distribu¬ 
tion. Matrix sorting 
values range fron 2.3 # 
to 3.3 #. Matrix is coarse 
shaved• Individual units 
exhibit strong textural 
homogeneity. 

Broadly bimodal sise dis¬ 
tribution vlth pronounced 
silt modes consisting of 
current derived silts and 
unsorted Ice-rafted mode, 
the relative concentra¬ 
tions of thesa two com¬ 
ponents varies vlth depth 
in the section. 

Poorly sorted sands 
and gravels vboee 
fine component has 
been vlnnoved result¬ 
ing in coarse skeved 
grain sise distribu¬ 
tism. 

Unit Thicknaaa Mininun thicknesses of 
4.5 to 9.0 meters. 

Ranges fron a few cm to s 
fev tens of maters. 

Insufficient data 

Physical 
Propartlas 

Overcompaeted cohesive 
strengths exceed 2.5 kg/cn. 

Often vater saturated vlth 
cohesive strength of lass 
than 2.3 kg/cm. 

loosely compacted 

Pabbla Fabric 
(vertical plana) 

Mona Elongate pebbles aligned 
parallel to bedding 

Elongate pebbles 
shoving crude align¬ 
ment parallel to 
bedding. 

Pabbla Shapa Medial roundness and 
sphericity. Average of 
BOX faceted pebbles. 

Medial roundness and 
sphericity. 

Insufficient data 

Pabbla Strlatlona Average of 12X abundantly 
striated. 

Average of 122 abundantly 
striated. 

Insufficient data 

Ratura of Bounding 
Contacta 

Sharp Cradational Ro contacts pene¬ 
trated. 

Marina Fossils Bona or ravorkad Marins fossils vlth 
changing diversities and 
abundances. 

Abundant marine 
fossils 

Distribution Restricted to continental 
shelf 

Continental shelf to 
abyssal floor 

Occur on shallow por¬ 
tion of continental 
shelf (above approxi¬ 
mately 250 m) and on 
the continental shelf 
break. 

Origin Deposition by grounded 
ice; lodgement processes. 

Deposition from floating 
lea la low energy marina 

Deposition from float¬ 
ing ice In high energy 

environnent. marine environment. 
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sluggish (compound) current activity. 

These three facies can be deposited contemporaneously from a 

grounded ice sheet and its associated ice shelves and icebergs. 

Glacial Chronology in the Antarctic 

The Antarctic glacial record has been most recently developed in 

the Ross Sea area through analysis of marine DSDP cores (Balshaw, 1981). 

The total section sampled represents 1350 m of glacial and glacial 

marine sediments spanning the second half of the Cenozoic. It has been 

shown that most of these sediments were transported from West Antarctica 

rather than from the entire continent (Barrett, 1975). Thus, the events 

recorded and correlated through the Ross Sea continental shelf represent 

evolution of the West Antarctic ice sheet. 

A review of the literature summarized in Figure 5 from Balshaw (1981), 

seems to indicate a possible development of continental ice on East 

Antarctica by the late Eocene, but excludes the presence of a well 

developed ice sheet before the Oligocène. An age of 29 MYBP was 

hypothesized for the formation of the East Antarctic ice sheet. Its 

formation would then correlate with a major oceanic and climatic cooling 

(Shackleton and Kennett, 1975), a significant drop in sea level (Vail 

and Hardenbol, 1979), and finally the establishment of the Circum- 

Antarctic current (Baker and Burrell, 1977). 

The West Antarctic archipelago was, at least in part, glaciated 

by Oligocène time (Le Masurier, 1972). However, coalescence of the ice 

shelves surrounding the islands to form the West Antarctic ice sheet 

did not occur before the mid-Miocene, corresponding to Vail and 



Figure 5: Summary of data relative to the glacial 

chronology of Antarctica 

(from Balshaw, 1981) 
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Hardenbol's (1979) eustatic sea level drop of 13 MYBP (Balshaw, 1981). 

The Ross Ice Shelf developed and expanded through the late Miocene and 

early Pliocene registering peaks of 10 MYBP and 6.6 MYBP. The last 

extension of the ice shelf produced an extensive erosional surface and was 

followed by deposition of basal tills (Anderson et al, 1980). The ice 

is believed to have advanced, then, as far as the present continental 

shelf break. 
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Summary 

The geological record present under the Weddell Sea continental 

shelf is poorly known. Bottom sediments have been sampled acknowledging 

glacial activity on the continent and on the shelf, but nothing is 

known of the preglacial record and of the entire glacial section. The 

set of geophysical data which will be interpreted in this study will 

yield some of these geological unknowns for the easternmost part of the 

shelf. Since there is no direct geological data to correlate with the 

geophysics, calibration will be sought in three different domains. 

Preglacial terranes are bound to be of continental affinity, and will 

be interpreted through the onshore geology of the circum-Weddell Sea 

region. Determination of glacial and glacial marine sediments will be 

made by comparison between the seismic data and the seismic response 

expected from Antarctic glacial and glacial marine sediments according 

to the characteristics outlined for these deposits by Anderson et al 

(1980) (Table II). Finally the chronology determined for the Ross Sea 

continental shelf by Balshaw (1981) will be used to set a tentative 

timing of events in the eastern Weddell Sea continental shelf and to 

compare both depositional environments. 



CHAPTER II 

SEISMIC DATA INTERPRETATION 



SEISMIC DATA INTERPRETATION 

Characteristics of the Seismic Data 

Figure 6 shows the areas covered by the seismic tracks, which 

represent the main data base for this study. These areas have been 

termed Zone A, Zone B and Zone C. Correlation of data between these 

different zones can only be regarded as tentative. They are located 

for the most part to the east of Crary Trough and are bound to the 

south by the Filchner Ice Shelf. Water depths in the Crary Trough 

range from 150 to over 1,000 m. The location of the lines and the 

positioning along the tracks are not very accurate, somewhat restrain¬ 

ing their interpretation. 

The source used was a 4kJ sparker which has a maximum penetration 

of two seconds..two-way travel time. Further characteristics of the 

source are given in Appendix B. The data was recorded in analog form 

and displayed in a 500 ms window centered approximately on the first 

reflection (sea bottom). Thus, the actual usable section beneath sea 

bottom has an average of 200 m (300 ms two-way time). 

The only processing applied to the data was an onboard analog 

filter having a 60-400 HZ bandwidth. Since no deconvolution by the 

source signal was made, the high resolution is limited by the length 

of the source pulse. A series of synthetic seismograms was generated 

in order to determine the resolution limit of the source, i.e. the 

thinnest layer detectable by the seismic system. A discussion of the 

parameters used for the seismograms is given in Appendix B. 

Two interfaces separated by less than the wavelength of the input 

signal, are very difficult to differentiate. This critical value of 

18. 



Figure 6: Bathymetric map of the Weddell Sea indicating 

areas covered by seismic profiles. 
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one wavelength would be 9.4 m for the 3kJ sparker source and 11.6 m for 

the 5kJ sparker source, given a velocity of propagation of 1600 m/s. 

These figures were tested by generating seismograms based on a simple 

one layer model (Appendix B). In these seismograms, the thickness t 

varied, but the velocity of propagation of seismic waves inside the 

layer (V^) was kept constant at 1600 m/s ; t was given respectively 

values of 2.5 m, 5 m, 10 m, 15 m and 20 m (fig. 7 and 8). Due to the 

length of the pulse, layers of less than 20 m, cannot be differenciated. 

However, direct comparison of the seismic data with the synthetic 

seismograms might allow us a much smaller definition. Sparker sources 

have a relatively large high frequency content, as necessary for high 

resolution system. It was tempting to test whether a layer smaller 

than the definition interval could be detectable through frequency 

analysis of the reflected signal. Although the results for t = 2.5 m 

(fig. 7 b) appeared quite satisfactory, this frequency is very dependent 

on the recording system and the spectrum of the ambient noises. 

A last cause for the change of signal shape was investigated by 

varying the velocity within a 10 m layer. Three values were used: 

VL = 1450 m/s VL = 1600 m/s VL = 1800 m/s 

The three responses are shown in Figure 8. Seismogram C (V^= 1800 m/s) 

is very different from the other two. Several reasons may be attributed 

to these relationships. One of them being that the critical thickness 

of one wavelength has now become 14.5 m due to the increase in velocity 

of propagation. This quantity is much larger than the layer thickness 

adopted in the model (10 m). Another reason might be the interference 

between the reflection at the layer/'basement' interface and the surface 

reflection of the ocean-bottom reflection. 



Figure 7: Synthetic Seismogram I 

Synthetic seismograms and comparison with seismic data. 

^Water 1450 m/s 

V Layer 
= 1600 m/s 

a. Barren "basement" (homogeneous infinite layer) 
5kJ source. 

b. 2.5 m layer overlying "basement" 5kJ source. 

c. 5 m layer overlying "basement" 5kJ source. 

d. 20 m layer overlying "basement" 5kJ source. 





Figure 8: Seismogram (II) 

Comparison of the response with varying sea floor 

velocities-10 mlayer overlying homogeneous "basement" 

VWater = 1450 m/s 

a- VLayer = 1450 m/s pWater = 1.3 g/cm3 

pLayer = 2.7 g/cm3 

b- 

c- 

V 
Layer 

vLayer 

= 1600. m/s 

= 1800 m/s 
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Analysis of the Data 

Seismic stratigraphic sequences and units were determined for 

Zones A and B. Units are defined on the basis of their seismic 

character while sequences consist of a series of units bounded by major 

unconformities. Although both areas are separated by at least 200 km, 

events and units were tentatively correlated from one to the other since 

their seismic character and "stratigraphic" positions were similar. 

However, features were mapped separately. A list of the seismic 

stratigraphic units defined in this study is given in Figure 9. 

Location of the seismic profiles used in this study are indicated in 

Figure 10 (Zone A) and Figure 11 (Lagenbanken Area, Zone B). 

Acoustic Basement: 

Acoustic basement is characterized by a highly irregular top sur¬ 

face and by the lack of any organized reflections beneath this surface. 

All other units onlap this basement toward the continent. The absence 

of reflections within the acoustic basement has two possible explana¬ 

tion, either the unit has a homogeneous response to seismic waves or the 

velocity contrast at its top surface is high enough that very little 

energy can be transmitted into the unit itself. 

Acoustic basement was identified on Profiles 77 (fig. 12); V (fig. 

13); 81 (fig. 14) and XII, VII and XI in Zone C (fig. 15) (for location 

refer to Figure 10). Acoustic basement was not recognized in Zone B. 

The top surface of the acoustic basement dips systematically offshore 

and outcrops at sea bottom near the continent (fig. 12, 13, 14 and 15). 

It is the sole seismic unit recognized on profiles XII and VII. Figure 

16 shows the approximate offshore limit of acoustic basement outcrop. 



Figure 9: Seismic Stratigraphie units seen in Zone A and B 
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Figure 10: Location map of seismic profiles shot in Zone A and C. 
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Figure 11: Location map of profiles shot in the Lagenbanken area 
(Zone B) 
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Figure 12: Line 77 (Zone A) 

Sketch of seismic profile (top) and total magnetic field 
measurements (bottom), (for location see Figure 10) 



Figure 13: Line V (Zone A) 

Sketch of seismic profile (for location see Figure 10) 
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Figure 14: Line 81 (Zone A) 

Sketch of seismic profile (top) and total magnetic field 
measurements along track (bottom)( for location see 
Figure 10) 
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Figure 15: Line XI 

Sketch of the only seismic profile of Zone C, which 
transects Crary Trough from west to east (A-A‘) 
(for location see Figure 10) 
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The most tempting hypothesis would be to extend this basement onto the 

continent, relate it to rocks found onshore, and consider it to be the 

true basement. 

Interestingly, the area defined on the map Figure 16 corresponds 

closely to the eastern flank of Crary Trough, where the bathymetry 

defines a very steep and irregular sea bottom when compared to the 

western flank. This asymetry of the trough could be the result of a 

difference of response of the seabed material to the erosional event 

which carved the trough. The acoustic basement being much more resis¬ 

tant since it probably represents old sedimentary deposits or nonsedi¬ 

mentary rocks. Another source of evidence is the difference of seismic 

response seen on profile XI (fig. 15) between the eastern terranes 

(acoustic basement) and the layered strata seen to the west. The 

contact between the two is not clear, but the layered unit, most likely 

younger, seems to onlap the acoustic basement. 

Piston cores collected in the vecinity of profiles VII and XII 

(G3 and 2-20-1, for locations see fig. 4 and fig. 16) were analyzed by 

Anderson et al, (1981). Both of the cores penetrated basal tills and 

indicate the presence of at least 5 m of such deposits on the sea 

bottom. These basal tills lack stratification, have strong textural 

homogeneity and have polymodal size distribution (Table II). It is 

therefore unlikely that they will exhibit organized internal reflections 

on a seismic section. Minimum thicknesses of basal tills are in the 

10 m range. The acoustic basement could possibly represent extremely 

thick units of basal till (up to 200 m). However, there is no evidence 

as to the existence of basal till units that thick and a closer exami¬ 

nation of the sea bottom reflection where the acoustic basement outcrops, 



Figure 16: Offshore limit of acoustic basement outcrop. 
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shows a varying pulse (number of peaks and troughs). Comparison of 

data with the synthetic seismograms (fig. 7), indicates that the 

acoustic basement is covered by a thin veneer of sediments of variable 

thickness (0 to 10 m). 

Acoustic basement as defined in the study area represents the sea 

floor, where the bathymetry indicates an irregular sea bottom. This 

basement seems more resistant to erosion than overlying sediments and 

is not likely to represent glacial deposits. It can be tentatively 

extended onshore. Reduction of total magnetic field profiles recorded 

along the seismic tracks yielded further information on the nature of 

this acoustic basement (see section on Magnetic and Gravity Data). In 

particular these data could support the idea that the acoustic basement 

seen on the seismic profiles represents the true basement. 

Sequence A: 

This older seismic stratigraphic sequence contains at least two 

units, which have been informally named the Draping Unit and Prograding 

Unit (fig. 9). A regional angular unconformity (vf) bounds the top of 

Sequence A. Characteristics of both units will be discussed. 

• Draping Unit: 

The Draping Unit is the oldest recognized sedimentary unit 

in Zone A and B (fig. 6). It can only be seen at the bottom 

of Crary Trough where younger sediments have been removed by 

glacial erosion. The Draping Unit is best illustrated in seismic 

section 77 (fig. 12). 

Seismic signature of the unit observed in Figure 9, indi¬ 

cates a finely bedded unit which drapes the acoustic basement. 
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Both of these characteristics suggest a low energy environment 

with fine calastics deposition. The layered appearance 

represents either chemical changes in the section (difference 

in carbonate or siliceous content) or changes in grain size 

(claystone vs. silts). At any rate, the layering is in general 

enhanced by the composition of the reflections and the pulse 

length since no deconvolution was applied to this data. The 

strata have a general depositional dip of 1° or 2° towards the 

shelf break, which gives a minimum cumulative thickness of 

460 m for this unit. 

• Prograding Unit: 

The Prograding Unit was recognized on profiles in Zone A 

and B (Line 77, fig. 12; Line V, fig. 13; Line 81, fig. 14; Line 

80, fig. 18; Line 83, fig. 19; Line 84/85, fig. 20; Line XVIII, 

fig. 20; Line XVI, fig. 21; Line XVII, fig. 21). The contact 

between these deposits and the Draping Unit is poorly defined 

(Profile 77, fig. 12). The Prograding Unit directly overlies 

the acoustic basement in the vicinity of Crary Trough (Profile 

81, fig. 14; Profile V, fig. 13). Its seismic signature, as 

seen in Figure 9, is best defined on Profile III (fig. 17) 

where it outcrops on the sea floor. 

The unit is a wedge of tilted strata with a minimum 

cumulative thickness of 900 m. The dip angles are variable in 

the range of 2° to 3° in a seaward direction. They vary from 

one reflector to another giving a rough " cut and fill" geometry. 

They also vary along the same reflector with depth. This 



Figure 17: Line III, seismic profile (top) 

Line VIII, seismic profile (bottom) 

(for location see Figure 10) 
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Figure 18: Line 80 (Zone A) 

Sketch of seismic profile (top) and total magnetic field 
measurements along track (bottom). 
( for location see Figure 10) 
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Figure 19: Line 83 (Zone A) 

Sketch of seismic profile, 

(for location see Figure 10) 
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Figure 20: Lagenbanken Area (Zone B) 

a) Line XVIII, sketch of seismic profile 

b) Line 84/85, sketch of seismic profile 

( for location see Figure 11) 
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Figure 21 : Lagenbanken (Zone B) 

a) Line XVI, sketch of seismic profile 

b) Line XVII, sketch of seismic profile 

( for location see Figure 11) 
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variation with depth may not indicate the true attitude of the 

dipping bed but instead an artifact inherent to the seismic 

method. Synthetic Seismogram III (fig. 22) illustrates this 

situation. The model assumes identically dipping layers whose 

velocities increase with depth. These layers overlie a homoge¬ 

neous half-space or "basement". Apparent dips on the seismo¬ 

gram decrease with depth. Generally, propagation velocities 

of seismic waves are known to increase in a more or less 

regular fashion with depth. It is, thus, possible to explain 

the occurrence of variations of apparent dip angles along an 

interface on seismic data purely by data recording (time vs. 

depth) distortion. Another simple explanation might be a 

difference between the direction of true dip and the direction 

along which the data is gathered. Another point in this regard 

concerns the vertical exagération on the profiles. Vertical 

exagération is very large, on the order of 1:10, thus 

variation in dip angles are largely enhanced. A small varia¬ 

tion in the ship's course from the recorded track could cause 

the strata to appear as though the dip changed. 

Figure 23 shows the apparent dip directions seen along the 

seismic profiles where the Prograding Unit was recognized. The 

overall picture is that of a northwest regional accretionary 

wedge of sediments which dips toward the continental shelf 

break. 

On Profile III (fig. 17), two major subunits (A and B) are 

recognizable and separated by a slight angular unconformity 

which dips offshore. Subunit B onlaps subunit A. Subunit A 



Figure 22: Synthetic Seismogram III 

Dip angle varies going downsection when velocity of 
seismic waves propagation increases with depth. 
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Figure 23: Map showing apparent dips of the Prograding Unit along 

the seismic tracks of Zone A. The dips indicate a common 

northwest direction towards deeper parts of the Weddell 

Sea. 
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is interpreted as the Prograding Unit and the angular un¬ 

conformity as the y unconformity which defines the top of 

Sequence A. Seismic character of the Prograding Unit is quite 

homogeneous consisting of: 

irregular but continuous reflections, 

reflection-free prisms of sediments, and a 

cut and fill geometry. 

Values of the apparent dip angles are such that they suggest a 

depositional rather than a tectonic tilting. The foresets which 

prograde offshore are indicative of a marginal marine, high 

energy environment. Although this excludes a purely glacial 

origin (basal till), it does not deny the presence of ice on the 

mainland (i.e. glacial outwash). The reflectors within this 

sediment wedge imply differences in the nature of the deposits, 

creating acoustic impedance contrasts. The most common inter¬ 

pretation in such environments is the alternation of shales and 

coarser grained material. A reasonable depositional model is 

perhaps that of a glacial delta front sequence similar to that 

illustrated in Figure 24. This model implies less severe gla¬ 

cial conditions than exist today in Antarctica. A good modern 

analog may be that of the Gulf of Alaska (Bruce Mol nia, person¬ 

al communication). A similar prograding sediment sequence 

exists in the Ross Sea. The sequence consists almost entirely 

of late Cenozoic glacial marine deposits (Hayes et al, 1975, 

fig. 25). The scale of the seismic data in the Ross Sea is 

very different from that of the Weddell Sea, so the comparison 

between these two data sets is very problematic. 



Figure 24: Sedimentation in a glacial sea , During the summer, 
mainly climbing ripple-laminated sand is deposited 
on a prograding delta, while thin silt layers are 
deposited by a density underflow on the sea bottom. 
During the winter, these areas are covered with a clay 
drape. Icebergs, and shore and river ice may raft 
coarse sediment into the sea during the spring thaw 
and summer, (from Reading, 1978) 





Figure 25: Seismic profile shot in the Ross Sea (USN S-Eltanin, 

Cruise 51-55A, 1972), at location of DSDP Leg 28, 

drilling. Showing sequence of tilted strata truncated 

near sea floor. 
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The Ross Sea sequence is much poorer in internal reflectors 

(fig. 25). This might be due to the lower resolution of the 

data. Also, these reflectors lack the cut and fill geometry, 

showing greater lateral extension. Finally, the dips seen 

within this sequence are not systematically directed offshore, 

rather the deposits seem to follow the structure of the base¬ 

ment. 

In summary, the deposits of the Prograding Unit in the Weddell Sea 

accumulated under essentially marine conditions and represent a marginal 

high energy environment. The possibility of glaciation on the mainland 

is not negated. A major erosional event followed the deposition of the 

Prograding Unit. Its expression in the geologic record is an uncon¬ 

formity of regional extent (V) which can be recognized in both Zones 

A and B. It is a very significant feature since it separates strata 

which are thought to be nonglacial (Sequence A) from deposits which 

will now be interpreted as glacial (Sequence B). 

Sequence B: 

The deposits of Sequence B onlap onto the unconformity^ . They 

are directly in contact with the acoustic basement in the area of 

Profile V (fig. 13). Sequence B is divided into two units ( I and II, 

fig. 9) which perhaps represents two intricately related facies. 

Unit II is well layered with flat bedding planes. These internal 

reflections seem fairly continuous, although they change in character 

rather frequently. Unit II suggests the accumulation of large thin 

patches of sediments. Locally (0090 on Profile 77, fig. 12), hummocky 
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masses, which are similar to the younger deposits (moraines?), are 

present within the bedding unit. The configuration can become more com¬ 

plex with superposition of cuts and fills, toward the lateral termina¬ 

tions of Sequence B (0200 on Profile V, fig. 13). Unit I on the other 

hand has very few internal reflections. The image of occasional surfaces 

transecting the unit (0100 on Profile V, fig. 13; 1300 and 1400 on 

Profile 81, fig. 14) and isolated diffraction hyperbolae are the only 

features observed. The homogeneous and massive seismic character of 

Unit I is the response which might be expected from basal till units. The 

hyperbolae would show the presence of internal boulders. There is no 

ready explanation for the velocity contrast which generates the other 

reflections in what seems to be an otherwise homogeneous layer. The best 

interpretation would be that of an erosional surface made by an ice sheet. 

The ice would overcompact the underlying deposits and create a density 

contrast with younger sediments, detected by the seismic system. 

Contact between Units I and II vary. Unit I overlies Unit II near 

the mainland, but further offshore, the massive facies of Unit I passes 

laterally into Unit II (0800 0500 on Profile 80, fig. 18; or eastward 

on Profile IV, fig. 26). At the shelf break, the Unit II is present. 

These features are interpreted as being indications of a facies transi¬ 

tion from purely glacial deposits, basal tills, at the grounding line of 

the ice sheet to glacial marine deposits further offshore (fig. 27). The 

discontinuous nature of the reflectors within Unit II also support this 

interpretation. Several maps illustrate the geometry of these two units. 

In Zone A, isochron (isopach in time) maps were made for each unit, 

indicating the nature of its lateral terminations (fig. 28, and fig. 29). 

In Zone B relations between both facies are more complex. The distribution 



Figure 26: Line IV 

Sketch of seismic profile 

(for location see Figure 10) 
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Figure 27: Hypothetical model of glaciomarine sedimentation 
adjacent to a wet-based tidewater glacier, based on 
observations of Pleistocene subaqueous outwash and 
considerations of current dynamics of modern marine 
deltas. Most of the fresh glacial meltwater rises to 
surface of the sea as a low density overflow layer. 
This layer gradually mixes with sea water while being 
driven by winds and currents. Silt and flocculated 
clays gradually fall out of suspension. Rapid mix¬ 
ing of fresh water and sea water adjacent to tunnel 
mouths may produce a high density underflow capable 
of transporting sand-grade sediment and occasionally 
coarser material. (from Reading, 1978) 
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Figure 28: Areal extent and isochrons of Unit II (50 ms interval) 
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Figure 29: Areal extent and isochrons of Unit I (50 ms interval) 
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of sediment packages which incorporate mostly deposits of the Unit II 

facies was studied (fig. 30, fig. 31 and fig. 32). The depositional 

regime in Zone B, must have been very different from the one in Zone A. 

Comparison of the core data (Anderson, 1972; Anderson et al, 1981, 

fig. 4) with the seismic data is difficult, since the distances sepa¬ 

rating the core locations and seismic lines are very large (,,x,10 km) 

and the cores only sampled the sea bed sediments. Most of the cores 

taken in this area penetrated basal tills with thicknesses of up to 10 m. 

Units I and II do not always outcrop at the sea floor. They have 

been locally truncated by an unconformity (T) and overlain by irreg¬ 

ular patches of younger sediments. These could be the formations 

sampled by the cores. 

The younger deposits have a very irregular top surface and no 

internal reflectors. An isochron map of a body of these sediments can 

be seen in Figure 33. The fan shape seen on this figure is not 

indicative of any particular depositional environment. The interpreta¬ 

tion of these deposits is probablematic. They lie at the head of a 

large canyon which transects the continental slope slightly to the east 

of Crary Trough. 

Deposits Forming the Continental Shelf West of Crary Trough; 

Profile XI (fig. 15) was shot for the most part in what is assumed 

to be the West Antarctic part of the Weddell Sea continental shelf. It 

has a general east-west orientation, transecting Crary Trough at the 

very edge of the Filchner Ice Shelf, and covers mostly the West 

Antarctic part of the continental shelf (fig. 10). No correlation was 

attempted with units identified farther north in Zones A and B, since 



Figure 30: Extent of oldest glacial unit seen in the Lagenbanken 

area (Zone B). 
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Figure 31: Extent of the middle glacial unit, Lagenbanken area 

(Zone B) 
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Figure 32: Extent of the youngest glacial unit, Lagenbanken area 

(Zone B). 
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Figure 33: Isochrons of a body of younger deposits (20 ms interval) 
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little similarity in sedimentary units can be found. The steep eastern 

flank of the trough is mostly barren of sediments except for small 

mounds of hummocky material i.e. lodgement tills or relict sediments (?). 

On the western flank of the trough, well bedded deposits appear 

truncated almost at the sea floor. Whether these formations correlate 

with the Prograding Unit is questionable. Their appearance is somewhat 

different when compared with the Prograding Unit. They lack the cut 

and fill geometry and the bedding planes which dip at 1° or 2° to the 

northwest seem to have undergone some deformation (fig. 15). Their 

calculated minimum cumulative thickness is 1200 m. 

The units overlying this thick sequence dip gently to the west. 

At the western end of the profile they are cut by canyons (fig. 15). 

These canyons create time anomalies in their bedding planes which are 

most probably flat lying. These artifacts created by the seismic method 

are illustrated in Seismogram IV (fig. 34). A dipping sea bed (first 

reflector) distorts underlying flat lying interfaces. The higher the 

velocity contrast at the sea rock interface the greater the distortion. 

The internal geometry of the younger units seen on Profile XI can 

be well defined. They have hummocky top surfaces and rest on uneven 

surfaces, defining series of little cushions. These units give a 

reflection free seismic response except at their base where they are 

very finely laminated. They build up in a fashion similar to the units, 

believed to be of glacial origin, defined in Zone B. They are complex 

accumulations of very irregular sediment patches. 

Continental Slope: 

Some idea of the continental slope facies is given by Profile 80, 



Figure 34: Synthetic Seismogram IV: Time Anomalies 

Flat lying horizons underlying a steeply dipping sea 

floor show a small apparent dip on the time section. 
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fig. 19 and VIII, fig. 14. The transition from shelf to slope is not 

too clear because of the large vertical exagération. It seems, never¬ 

theless, that the top glacial units prograde seawards and become extrem¬ 

ely disorganized at the shelf break. Internal deformation such as small 

faults, erratic reflections an internal deformation can be observed 

(Profile VIII, fig. 14). 

Summary: 

Two seismic stratigraphic sequences (A and B) were defined for the 

eastern Weddell Sea continental shelf and their different features 

discussed. They represent two very different sedimentary settings, 

although they might both be associated with glaciation. They are 

underlain by an acoustic basement which slopes up toward the East 

Antarctic continent and eventually outcrops at the sea floor. Although 

this basement seems to have physical properties very different from 

those of overlying sediments (i. e. velocity of propagation of 

seismic waves and resistance to erosion), it remains to be shown that 

it is the true basement. 

Overlying unconformably Sequences B and the outcrops of acoustic 

basement, on the flank of Crary Trough, are patches of hummocky 

sediments. According to the core data available (Anderson, 1980) these 

sediments should mostly be basal tills. Any interpretation remains very 

speculative since the core data was not often directly correlatable to 

the seismic profiles. 

The most important features defined by the seismic data are the 

two unconformities which bound respectively, the tops of Sequence A 

(^ ) and Sequence B ( S7). These unconformities should provide elements 
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of information regarding the chronology of the development of the 

Weddell Sea's eastern margin. Establishment of this chronology can be 

achieved through comparison with world wide sea level curves (Vail et al, 

1977) and through analogy with the Ross Sea, where there is better control 

on the timing of events in the Antarctic Region (Balshaw, 1981). 



TIMING OF EVENTS ON THE EASTERN MARGIN OF 
THE WEDDELL SEA, AS SEEN THROUGH THE SEISMIC DATA 



TIMING OF EVENTS ON THE EASTERN MARGIN OF 
THE WEDDELL SEA, AS SEEN THROUGH THE SEISMIC DATA 

Significance of the Oldest Erosional Event Recognized in the Seismic Data 

The angular unconformity (fig. 9) which separates Sequences A 

and B, is of regional extent over the portion of the continental shelf 

lying east of Crary Trough. It is recognized as far north as offshore 

Princess Martha Coast (Zone B) and is well defined all over Zone A. 

This erosional surface seems mostly planar along the profiles covering 

Zone A. In Zone B (Lagenbanken), seismic coverage is more complete than 

in Zone A and tighter control in positioning the profiles can be accom- 

lished. This allows for the construction of an isotime map to the 

unconformity surface (fig. 35). This two-dimensional picture of the 

surface reveals more irregularities than can been seen in Zone A. A 

major low trend, running roughly northwest-southeast, is observed (fig. 

35). 

Offshore of the eastern coast of the Weddell Sea, several canyons 

transecting the continental slope are outlined by the bathymetry. These 

canyons are no longer active for they do not show any topographic ex¬ 

pression on the shelf. Their age is unknown, but it is possible that 

they are associated with the erosional surface (S’). The low trend 

recognized in Figure 35 could lead to one of these canyons. More 

tangible support for this interpretation can be found on Profile III 

(fig. 17). The profile transects the continental shelf, northeast of 

Crary Trough, in a south-southwest direction beginning at the head of 

a major canyon (fig. 10). Interpretation of the data (fig. 17) had 

61. 



Figure 35: Isotime map of the angular unconformity surface, 

Lagenbanken area (Zone B). 

Isotime curves at 20ms intervals. 
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defined two dèpositional units (subunits A and B) separated by a slight 

angular unconformity, which is assumed to be correlative with Sub¬ 

unit B onlaps onto the Prograding Unit which is represented by subunit 

A and the unconformity surface dips offshore. If we compare the depths 

below sea level ofy>on Profile 80 (fig. 19), immediately to the west of 

the canyon (fig. 10) and ins'ide the canyon Profile III (fig. 17) a dif¬ 

ference of 200 m (250 ms two-way time) is registered. This difference 

implies that the canyon was already outlined immediately after the occur¬ 

rence of the erosional event assocaited withy^>. The presence of a later 

infill of the canyon, represented by subunit B onlapping onto the 

Prograding Unit, outlines a dèpositional pattern typically associated with 

a major fluctuation of sea level (Brown and Fisher, 1980). 

The unconformity \J^ defines a rather planar surface cut by low 

trends, possibly associated with the canyons seen to transect the 

continental slope, along the eastern margin of the Weddell Sea. These 

characteristics favor a wave cut origin for the erosional surface, 

linking it to a major drop of eustatic sea level. A tentative age 

can be therefore set for the formation of these erosional features, 

by comparison with a standard, or world wide sea level curve, Figure 36 

(Vail et al, 1977). The deposits of the Prograding Unit, which are 

truncated by the unconformityv_f, have been interpreted as nonglacial 

sediments. However, they do not preclude the presence of ice on the 

mainland, which is East Antarctica. In view of this, an age of 29 M.Y. 

B.P. is favored for the unconformity, which relates it to the last 

Oligocène major sea level drop (fig. 36). This lowering of sea level 

was also possibly recorded in the Ross Sea (Balshaw, 1980). The 

difference in thickness between the glacial and glacial marine sediments 



Figure 36: World wide sea level curve, Jurassic to Quaternary 

(from P. Vail et al, 1977) 
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(200-300 m) which overlies the unconformity^and the deposits (1200 m) 

which span the assumed same time interval in the Ross Sea, indicate 

radically different depositional environments. There are two possible 

interpretations of this difference. One is that the thick Ross Sea 

section was sampled (Hayes et al, 1975) in the center of the continental 

shelf, in an area mostly under the influence of the West Antarctic Ice 

Sheet. The area of study in turn is marginal to the broad continental 

shelf of the Weddell Sea's West Antarctic sector, and could be primarily 

affected by fluctuations of the East Antarctic Ice Sheet. Ice sheets on 

the eastern and western sectors are of different age and nature (Balshaw, 

1980). At present the proportion of debris transported to continental 

shelf by the eastern ice sheet is minimal (Anderson in press). A second 

interpretation for the differences in thickness of the late tertiary 

section of the Ross and of the Eastern Weddell Seas resides in the 

presence of Crary Trough in the area under study. The trough is more 

than 1000 m deep and when it was formed, a large part of the sedimentary 

section covering this part of the continental shelf could have been 

eroded off, considering erosion actually affected even the basement 

terranes. 

Unconformity ly , a major glacial feature? 

In the Ross sea maximum glaciation occurred in the late Miocene and 

early Pliocene (Balshaw, 1981). Very severe glacial conditions prevail¬ 

ed. A grounded ice sheet reached the continental shelf break, eroding 

part of the glacial marine section and depositing basal tills. Such 

condition, similarly, could have existed in the Weddell Sea region. 

Crary Trough is a feature typical of glacial environments (Johnson and 

Vanney, 1974): a deep trough parallel to the coast, transecting the 
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continental shelf. The presence of basal tills outcropping 

inside the trough, favor a grounding ice sheet as an erosional agent. 

The ice sheet would have to be in. excess of 1000 m thick, nearly as far 

as the continental shelf break (fig. 6). Referring to the Ross Sea 

chronology, a tentative age for the formation of Crary Trough would 

therefore be Pliocene. It is interesting to note that sediments 

of the western sector of the Weddell continental shelf, seen on Profile 

XI (fig. 15), are truncated by the unconformity which defines Crary 

Trough, as are truncated the thick glacial marine deposits of the Ross 

Sea by this Pliocene event. 

The unconformity which was defined as the top of Sequence B, 

often defines the present sea floor, when it is not overlain by thin 

patches of sediments. In the area of Profile III it could represent 

the event which truncated both subunits A and B, and which imprinted 

on the present sea floor a dip towards the continent rather than off¬ 

shore. In the area of Crary Trough, the unconformity iy is the 

unconformity defining the trough, which was given an age of 

Pliocene. This would set a maximum time, for the deposition of 

Unit I and Unit II. If these deposits have been interpreted as glacial 

and glacial marine, they are probably in part contamporaneous of the 

erosional event, and as a whole define fluctuations of both the East 

and West Antarctic ice sheet. 

Study of Canyon East of Crary Trough: 

The canyon at the head of which Profile III was shot (fig. 10), was 

also individualized, by the erosional event associated with (jJ , as can 

be observed from the present bathymetry of the shelf in this area. 
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Other canyons do not have any topographic expression on the shelf. To 

this singularity can be added some interesting features associated with 

this canyon which can be observed on the seismic data. 

The canyon was carved in deposits of Sequence A (Prograding Unit, 

Profile III) but also in what are thought to be the younger deposits of 

Sequence B. The former form a large mound on the western flank of the 

canyon identified on Profile 80 (1000, fig. 19). The interpretation is 

only tentative for two reasons, the first being that due to a change in 

the course of the ship (fig. 10) the profile runs along strike to the 

Prograding Unit, and thus the angular unconformity has disappeared. The 

second reason is that the strata which form the mound at shot point 

1000 on Profile 80 have bedding planes, which are parallel to the sea 

floor, rather than flat lying like typical deposits of Sequence B. At 

shot point 1000 on Profile 80, the sea bottom is extremely rugged and 

it has been hypothesized that the attitude of the bedding planes was an 

artifact created by the seismic method and known as time anomalies 

(Synthetic Seismogram IV, fig. 34). It is, therefore, possible to 

consider the deposits which form the mound structure seen on Profile 80 

(fig. 19) as flat lying. 

The occurrence of bedding planes within the glacial units, in such 

a nearshore position is particularly significant. Oceanographic 

measurements show the eastern Weddell Sea to have very strong bottom 

currents (Anderson, 1972) which flow parallel to the coast line and are 

derived from the circum-polar current. These strong currents contact 

the shelf break and encounter masses of Antarctic bottom waters which 

flow sluggishly down the continental slope just east of Crary Trough, 

in the general area where the mound of glacial sediments sits. 
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Thus water movements are fairly complex, establishing conditions unique 

to this zone which often and abruptly change laterally. It is possible 

that Units I and II might have been locally reworked during deposition 

by marine currents, which would give them a different seismic character. 

An infilled channel, associated with unconformity is located 

to the east of the mound (1300 - 1400, fig. 19). On the canyon flank, 

the sediments of Sequence B are cut by an erosional surface. The 

reflections become laterally erratic across this surface and fill a 

wedge shaped body. This feature could have been eroded and later infill¬ 

ed by a subglacial stream. At any rate the channel truncates deposits 

of Sequence B, and must be younger than the high glacial activity 

responsible for their deposition. 

Conclusions: 

The data set represented by the two seismic surveys contains many 

significant features. A typical seismic stratigraphic column of the 

eastern continental shelf of the Weddell Sea, can be constructed 

(fig. 9), Whether it actually reaches the true basement, will be 

tested in the next chapter. 

Intersedimentary features such as unconformities, whether regional 

or localized, suggest a tentative timing of events and dating of deposits. 

Unfortunately, lack of geologic data considerably decreases the 

confidence in the interpretation of the seismic data. The purely 

descriptive stage is objective, but the further stage of direct 

determination of the lithology and stratigraphy can only be considered 

as tentative. 
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MAGNETIC AND GRAVITY DATA 



MAGNETIC AND GRAVITY DATA 

During both their 1977 and 1979 surveys, the Norwegians gathered 

magnetic data along the seismic tracks. Only sketched versions of the 

1979 profiles were made available to us and are the material used in the 

following interpretation (fig. 37). The gravity data, however, is part 

of an earlier study (Behrendt, 1962/1966) of the Filchner Ice Shelf. It 

does not extend into the marine environment. Both these sets of data 

ideally complement the shallow seismic survey since they give information 

on the features beneath the sedimentary cover and in particular will 

allow the determination of the nature and depth of the basement. 

Magnetic Measurements: 

The total field data was collected continuously with a marine 

proton magnetometer which had a 1 gamma resolution and was recorded on 

a paper chart. The display available for this study was of a very small 

scale: 2 cm = 5 nautical miles = 1 hour, 2 cm = 1000 ^ . Its sketchy 

nature added to the absolute error in determination of the depth to the 

magnetic source. 

Peter's Method: 

Peter's "slope method" is a rule of thumb for determining the 

depth to the magnetic source. It assumes a vertical field measurement 

and the body generating the anomaly to be a dyke. The first hypothesis 

can, in general, be accepted in high latitudes where the total field 

and vertical field are approximately the same. 
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Figure 37: Values of the magnetic field in the Weddell Sea region 

and location of magnetic profiles used in this study. 
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As for the second assumption,..an infinite third dimension in the 

direction perpendicular to the profile,..it is quite logical when only 

two dimensional measurements are available. 

The principle of the method, illustrated in Figure 38, is purely 

geometrical. The maximum slope of the anomaly curve, at the inflexion 

point, is determined. Two lines with a slope half of this value are 

then traced tangentially to the anomaly curve at point A and A'. The 

main parameter^) is the distance separating these two points, which in 

the above case is proportional to the depth of burial (h): 

s = ah. a ranges between a = 1.2 (m/^= 0) and a = 2.0 (m/^= °°) 

where m is the width of the dyke. For an average anomaly the following 

expression is considered s = 1.6 h. 

Nevertheless, since the basement in the area of survey is rather 

shallow, the ratio m/^ was considered to be large enough and a was 

given a value of 2.0. 

Error Margins: 

In the best of cases the depths determined by the method are 

accurate to about ^ 10% (Peter, 1949). This figure is certainly a min¬ 

imum considering the quality of the data. 

The profiles were enlarged 100%, and the measurements of s was 

done on millimetric paper, allowing for an error of - 1 mm for a high 

frequency anomaly and of - 3 mm for a low frequency anomaly. It re- 
+ + 

presents errors of - 141 m and - 423 m, respectively, in the computed 

depth of burial. This is within a 10% to 15% margin, considering that 

depths determined are in the 1000 m and 3000 m range. However, when 



Figure 38: Peter's Method, applied to dyke anomaly, 

(from Peter, 1949) 
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the basement outcrops, measurements will be absurd since the error 

margin becomes too large. It is interesting to note that the above 

figures are dependent on the velocity of the ship. The parameter is not 

accurately known and has been averaged to 5 knots, which in most cases 

is the minimum value. 

The regional, which was subtracted from the field, (fig. 12, 14 

and 19) was chosen in order to approximate as closely as possible the 

original shape of the dyke anomaly (fig. 38) i.e. symmetrical about the 

vertical axis. In most cases, the symmetry is not obtained, and two 

different depths can be determined. The final value was taken to be 

their average (h5). 

Interpretation of the Data: 

A summary of the results is given in Table III. The horizontal 

scale of the profiles, which originally was in hours was transformed 

into meters assuming a velocity of advancement of 9 km/^ (5 knots). 

The combination with the seismic results was done assuming velocities 

of propagation of longitudinal waves to be 1450 m/s in this water layer 

and 1600 m/s in the sediment cover (cf. Appendix B). When the acoustic 

basement is not within the depth of penetration of the system, it is 

considered to be in excess of 400 m. 

Magnetic profiles along Lines 76 and 83 were almost featureless and, 

consequently, were only considered those along Lines 77, 80 and 81 (figs. 

12, 14 and 19). There is no ready explanation for the appearance of 

profile 76 since Line 76 intersects both 77 and 80 (fig. 10). Its 

different orientation could certainly be a reason but is not sufficient. 
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As for Line 83 it is in a completely different area. 

Most of the anomalies have amplitudes of 200 y and more , and widths 

(frequency) of two different orders of magnitude. 

• The Acoustic Basement: 

The higher frequencies or narrower anomalies seem to be 

associated with the acoustic basement. Typically they occur 

when the sediment cover is less than 400 m thick (within the 

seismic penetration) and they parallel quite strickingly the 

topography of the basement (anomaly 5' on Line 77, fig. 12). 

The fit of depths to the magnetic source (hg) and to the 

acoustic basement (h_) are, within the margin of error, quite 
a 

comparable (Table III). 

Magnetic anomalies are generally associated with the presence of 

igneous rocks which have high enough susceptibilities to create a 

deviation in the earth's magnetic field. Thus, the acoustic basement 

identified in the seismic represents the actual basement and can be 

correlated with the terranes found on the East Antarctic mainland. 

The origin and the type of rock can only be speculated upon. The 

latest igneous activity recorded in the eastern Weddell Sea dates back 

to the Middle Jurassic. It is represented by the Dufek Intrusion 

(Pensacola Mountains) and dolerite stocks which are distributed along 

the Transantarctic Mountains. Offshore Dronning Maud Land, the Maud 

Rise (65 S, 30 E) is thought to have a volcanic origin, but no indication 

as to its age is available (Hinz, 1978). Cenozoic volcanism, was possi¬ 

bly recognized in the seismic data from the Lagenbanken survey on the 

eastern end of Profile XVIII (fig. 21b). In this area, a volcanic plug 
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apparently intrudes into quite recent strata. 

The surface of the acoustic basement is extremely rugged, indica¬ 

ting an erosional origin which sometimes is enhanced by possible block 

faulting (fig. 12, Line 77). Two origins are possible for the emplace¬ 

ment of these igneous rocks. A discontinuous source, in otherwise 

nonmagnetic terranes i.e. stocks or dykes (model assumed to compute 

depths) which could be related to the block faulting episode, or else 

a widespread layer of volcanic rocks or igneous basement. This origin 

is favored when correlating the area with the West Antarctic sector, 

but in view of the seismic data, seems improbable. 

• Deeper Anomalies: 

A deeper layer of magnetic sources can be detected at depths 

of 3000 to 4000 m. They give rise to wider and larger anomalies. 

There are records of pre-Jurassic volcanic activity on the conti¬ 

nent (Kirwan Volcanics, Kirwan Encarpment) which could be re¬ 

lated to these anomalies. The magnetic basement indicates an 

Eastern Antarctic incluence for the continental shelf in this 

area, therefore, a continental equivalent for these anomalies 

should also be encountered in East Antarctica's history. 

Gravity Data and Interpretation: 

The surveyed area lies beneath the Filchner Ice Shelf and onshore, 

in the Pensacola Mountains. It represents the extension of the East/ 

West Antarctica boundary, which was covered by the magnetic and seismic 

data. A composite Bouguer anomaly map (Behrendt, 1962 and 1966) is shown 

in Figure39. Its main features are the large 60 Mgal anomaly, which 



Figure 39: Bouguer Anomaly Map, Weddell Sea area, 

(from: Behrendt, 1962 and 1966) 
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follows Crary Trough, and the steep gradient (-60 Mgal to +40 Mgal), 

which outlines the western flank of the Pensacola Mountains. Computa¬ 

tions indicate that the trough is not completely isostatically compen¬ 

sated and confirms the hypothesis that it is a relatively recent 

erosional feature (Behrendt, 1962). 

Theoretical crustal models were tested (Behrendt, 1974) to account 

for the steep east-west gradient farther south (fig. 39). A step-like 

discontinuity in the crust or a sharp transition with thinning of 

crustal layer from east to west are both compatible with the measured 

Bouguer anomaly profile. Thus, the so called boundary between East and 

West Antarctica could be as deeply seated as the crust-mantle interface. 

It is likely that the zone might extend farther north and parallel the 

occurence of mafic stocks along the Transantarctic Mountains. The Dufek 

Intrusion, outcrops in the Forrestal and Dufek Massifs (fig. 2) where it 

is approximately 8 km thick (Behrendt, 1974), but also extends farther 

north. 

The surveys inland of the Filchner and Ross Ice Shelves are sparse 

and it is not possible to construct either a gravity or a magnetic map 

covering the whole area. Nevertheless, there seem to be some similar¬ 

ities between the Ross and Weddell Seas. 

A large positive anomaly extends parallel to the front of the 

Transantarctic Mountains in the Ross Sea and Ross Ice Shelf (Benett, 

1964; Hayes and Davey, 1975). Crustal modeling across this anomaly was 

undertaken where seismic data control was sufficient. Although the 

authors favor a shallow source of greater density, crustal thinning 

similar to the one found in the Pensacola Mountain area could also fit 

the model. Intrabasement magnetic sources are also encountered in this 



Figure 40: Plate reconstructions of the Southern Continents. 

1,2,3,4,5,8 and 9: Pre-Mesozoic reconstructions of 
Gondwanaland. 

6 and 7: Cretaceous to early Cenozoic reconstructions 
of the Southern Ocean. 

10 and 11: Pre-Cenozoic reconstruction of the Scotia 
Arc Region. 
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area. However, Cenozoic igneous activity is widespread and it is more 

difficult to differenciate this activity from older stocks such as the 

Ferrar Dolerites which are found onshore and are of the same age as the 

Dufek Intrusion. 

There could, thus, be a discontinuity in the crust that would define 

the boundary between East and West Antarctica and would parallel the 

Transantarctic front from Victoria Land to Queen Maud Land. Whether 

this discontinuity defines and ancient rift zone or graben is specula¬ 

tive. It seems that the Ross-Weddell depression could have been distinct 

in early Cenozoic time or prior to it. The existence of a major water¬ 

way linking the Pacific and Atlantic Oceans before the opening of the 

Drake Passage has been suggested (Webb et al, 1974) although there is 

little concrete evidence. 

The magmatic trend which follows the depression extends into South 

Africa where it does not seem to be associated to such a feature. As 

for the high gravity anomaly, characteristic of graben structures, it is 

only unquestionably present in the Ross Sea area. In the Weddell Sea, 

the gravity high would interfere with the Crary Trough anomaly. 

At any rate, in the area covered by this study, a major disconti¬ 

nuity between the eastern and western margins of the Weddell Sea in the 

area of the Crary Trough seems strongly suggested. The feature could be 

a rift zone or even a major transform fault, which was active during the 

second half of the Mesozoic (La Breque, 1980). The eventual displace¬ 

ment of the Ellsworth Mountains block, the morphology of the narrow 

continental shelf off Dronning Maud Land, the presence of the Crary 

Trough itself, which is likely to have followed an earlier structural 

feature are evidence for a rather complex area. 
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CONCLUSION 

A PICTURE OF THE EASTERN WEDDELL SEA CONTINENTAL SHELF AS SEEN 
THROUGH GEOPHYSICAL DATA 

Because of the pecularity of the area studied, it was possible 

through a shallow (200 - 300 m penetration) survey to identify a fairly 

thick section of sediments (1200 m of minimum cumulative thickness). 

The presence of a deep erosional feature, the Crary Trough, allows the 

outcropping of older deposits and even of the basement near the sea 

floor. The nature of the seismic units defined seems somewhat different 

from what is known to exist under the Ross Sea continental shelf. This 

has been attributed to a difference in sedimentary environments. Never¬ 

theless, it is very possible for the western part of Weddell Sea shelf 

to be more comparable to the Ross Sea. 

The acoustic basement was identified as the magnetic basement of the 

basin, and further as the actual basement of the basin margin. The 

basement outcrops at the sea floor in the deepest part of Crary Trough 

and slopes upwards to the mainland, favoring an East Antarctic origin. 

The high magnetic susceptibility, of the basement indicates its igneous 

or volcanic origin. Relating this origin to the onshore geology of the 

Eastern Weddell Sea sector gives a Mesozoic (Middle Jurassic) age for 

the basement terranes. 

The sedimentary section which overlies the basement can be divided 

into two major seismic stratigraphic sequences separated by a widespread 

angular unconformity (fig. 9). This unconformity ('-^ ) is significant 

for an approach to the timing of events in the study area. It has a 
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general planar appearance, which indicates a wave cut origin associated 

with a major drop in sea level. After comparison with the curve of world¬ 

wide eustatic sea level changes established by Vail et al(1977) and infor¬ 

mation gathered in the Ross Sea (Balshaw, 1981), a tentative age of late 

Oligocène (29 M.Y.B.P.) was established for it. The lower Sequence (A) 

of tilted strata would thus not have a direct glacial origin. However, 

glaciation on the continent is not excluded. The beds dip systematical¬ 

ly offshore and form a 900 m thick prograding wedge. They represent 

marginal deposits along a passive margin. Balshaw (1981) associates the 

sea level drop at 29 M.Y.B.P. with formation of the East Antarctic Ice 

Sheet, but establishes the presence of valley glaciers in the high 

reliefs of the Transantarctic Mountains prior to this. 

Deposits of the upper Sequence (B) are mostly flat lying but 

variable in appearance. They have been hypothesized to be glacial and 

glacial marine in origin, and each seismic facies was tentatively 

associated with glacial and glacial marine facies as established by 

Anderson et al (1980) for the Antarctic continental shelf. Reflection 

free deposits were interpreted as basal till. Apparently well bedded 

deposits are thought to represent mostly compound glacial marine sedi¬ 

ments. Both facies are intricately associated. The basal tills gener¬ 

ally grade away from the continent into glacial marine strata, defining 

the possible grounding line of the ice sheet. In the northern part of 

the study area (Zone B: Lagenbanken) the seismic character of the glacial 

units is slightly different from the ones defined in Zones A and C. 

Different types of glacial and marine environments between both zones 

can be suggested. 

The top of the deposits of Sequence B (fig. 9) defines a second 



83. 

unconformity ( Y) which locally coincides with the sea floor. The thin 

veneer of deposits overlying this unconformity are definitely of gla¬ 

cial origin, mainly basal tills as established by the piston core data 

which extensively sampled the sea floor in this area (Anderson et al, 

1980). The younger unconformity was tentatively given a Pliocene 

age , corresponding to a major ice advance recorded in the Ross 

Sea. Crary Trough, a significant morphological feature of the study 

area,is thought to have been carved by glacial erosion. The presence of 

basal tills along its flanks (Anderson et al, 1981) strongly supports 

this origin. The erosional event which formed the trough, is inter¬ 

preted to be roughly contemporaneous with the peak in glacial activity 

(Pliocene). As much as 800 m of sedimentary section which can 

be seen to outcorp at the sea floor on the western flank of the trough 

(Zone C, Line XI) could have been eroded away. It is suggested that the 

latter deposits which have a slight western apparent dip, could either 

be the equivalent of the section found in the Ross Sea or some much 

older (?) deposits as suggested by the eolian sands encountered in core 

68 (fig. 4)(Anderson, 1972). 

Comparison of the Ross Sea shelf, DSDP Leg 28 cores, with the eastern 

coast of the Weddell Sea suggests extremely different sedimentary regimes. 

Sediments in the Ross Sea have a very definite West Antarctic origin 

(Balshaw, 1981). However, it is very likely that the area of study in 

the Weddell Sea is mostly under the influence of the East Antarctic Ice 

Sheet, a dry-base ice sheet (Crarey and Ahmad, 1961), which has much 

poorer sedimentary output than the wet-base ice sheet of West Antarctica. 

This could explain in part, the large difference in the thickness (200 m 

to 1200 m) of post late Oligocène (29 M.Y.B.P.) sedimentary section between 
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the area of study and the Ross Sea, and eventually between the area of 

study and the western sector of the Weddell Sea continental shelf. 

The tectonic framework of the study area was difficult to approach 

through the seismic and magnetic data. An overview of the literature 

(summarized in Appendix A) suggests an extremely complex area located 

at the transition between very different terranes of East and West 

Antarctica. Gravity data over the Pensacola Mountains and Filchner Ice 

Shelf (fig. 39) show a very deeply seated discontinuity between both 

sectors. However, it is unlikely that this discontinuity can be veri¬ 

fied because the data used in this study reflected only the basin fill. 

The deposits of Sequence A suggest a passive margin environment, with its 

borderland subjected only to epeirogeneic movements. As for the presence 

of Jurassic (?) igneous rocks within the basement, they could be associ¬ 

ated with a major block faulting episode recorded all along the Trans- 

antarctic front and related or not to the opening of the Weddell Sea. 

This study has, thus, mostly emphasized the seismic stratigraphic 

cross section of the eastern margin of the Weddell Sea. The formations 

defined are thought to span a long interval of time with major hiatuses. 

The sedimentary environment seems to be extremely different from what is 

known in the Ross Sea, and older pre-glacial deposits could be expected 

with depth, giving further information on the formation and evolution of 

the Weddell Basin margin. 
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APPENDIX A 

HISTORICAL GEOLOGY OF THE WEDDELL SEA SECTOR 

The Continental Surveys which represent the major part of what is 

known of the Weddell Sea sector were made in the scattered mountain 

ranges which outcrop through the locally over 3000 m thick ice cover 

(Veveers et al, 1971; Elliott, 1972; Williams et al, 1972; Dalziel and 

Elliott, 1973; Craddock and Webers, 1977; Kellogg and Reynolds, 1977; 

Quilty, 1977; Elliott et al, 1978; Kennett, 1978; Kellogg, 1979; Rowley, 

1979; Grew and Marton, 1980; Ford and Kistler, 1980). Figures I and II 

give the locations of these outcrops in Antarctica and, more specific¬ 

ally, in the area of interest. They give a general idea of the geologic 

record of both East and West Antarctica and are the sole geological 

evidence when attempting a geodynamic reconstruction of the area. 

Correlations from one site to the other can only be tentative, as there 

are no "linking" terranes. Although it may seem paradoxical with such 

a poor record, most of the prior geological research in the area 

emphasized a global tectonic reconstruction of Gondwanaland. The Scotia 

Arc, West Antarctica, and Weddell and Ross Seas are critical in such 

schemes. Few if any attempts have been completely successful in 

integrating all available data. 

The old Precambrian polymetamorphic shield outcrops east of the 

Kirwan Escarpment in Queen Maud Land (fig. 11) and can be found along the 

Atlantic margin of the continent (Grikurov et al, 1972; Krylov, 1972). 

Similar terranes, intruded by early Paleozoic igneous rocks, lie farther 

south, inland from the Transantarctic Mountains. 

To the northwest of the escarpment, separated from the basement 
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Figure I: Subglacial map of Antarctica 

(from Avzyuk et al, 1964) 

1. Graham Land 

2. Palmer Land 

3. Ellsworth Land 

4. Marie Byrd Land 

5. Byrd Subglacial Basin 

6. Crary Trough 

Queen Maud Land 7. 





Figure II: Mountain Ranges of the Circum-Weddell Sea Region 

(from Dalziel and Elliott, 1973) 
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complex by the Penck-Jutul Rift, lies the Precambrian undeformed strata 

of the Ritscher Supergroup (Neethling, 1972a). They are thought to 

represent an isolated, block-faulted, remnant of the platform cover. 

The sediments, derived from a westerly source, are indicative of a near¬ 

shore environment in an epicontinental basin. This stable region of 

Precambrian age may extend between longitudes 1°W and 34°W (Littlewood 

Nunataks) as based on geocheronologic data (Aughenbaugh et al, 1965). 

South and west of the escarpment, around the Filchner and Ronne Ice 

Shelves, one begins to find lower Paleozoic and younger strata which 

have recorded one or several of what seems generalized deformational 

events: 

(a) Beardmore orogeny (early Paleozoic) 

(b) Ross orogeny (probably Upper Cambrian) 

(c) Gondwanian orogeny and its local equivalents: Weddell and 

Ellsworth orogenies (Triassic-Early Jurassic?) 

(d) Andean orogeny (Lower to Middle Cretaceous) 

A tentative correlation, made by Dalziel and Elliott (1973) is 

summarized in Table I with some changes due to later investigations 

(Ford, 1977; Splettstoesser and Weber, 1980; Grew and Marton, 1980). 

Other Precambrian rocks are found in the Pensacola Mountains (fig. 

II) and can be correlative with the upper group of the Ritscher Super¬ 

group (Schmidt et al, 1965; Neethling P. R., 1972a). The lithology and 

bedding of the 10,000 m thick Patuxent Formation indicate turbidite 

deposition associated with both acidic (1210 M.Y.B.Pj and basic volcanics. 

Ford (1977) correlates the Patuxent with the Turnpike Bluff Group which 

outcrops farther north in the Shackleton Range (fig. 11) and postulates 

the existence of a major seaway along the margin of the craton in 



Table I : Stratigraphic correlations, Weddell Sea Province, Antarctica. 
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Precambrian times. The seaway might have been 3000 km long, the entire 

length of the Transantarctic Mountains. The Turnpike Bluff Group is 

chiefly quartzitic with locally abundant slate but lacks the volcanics 

and turbidites seen in the Patuxent strata. If the correlation stands, 

it might indicate a shoreward transition along the cratonic margin (?), 

as the chemical composition of the Patuxent sandstones seem to favor an 

"Atlantic" type of margin. Both formations were strongly folded with 

trends from north-northeast to northeast locally metamorphosed to the 

greenschist facies. This uppermost Precambrian episode probably 

corresponds to the Beardmore orogeny recorded elsewhere in the Trans¬ 

antarctic Mountains. 

Grew (1980) reports an age of 500-600 M.Y.B.P. (U-Pb and Rb-Sr) for 

the high grade metamorphic Shackleton complex (amphibolite facies) at Mt. 

Provender. There is no known contact between these rocks and the Turn¬ 

pike Bluff Group; whether or not they relate to the same event is still 

in question. 

Overlying unconformably the Shakleton metamorphics are the Blailock 

Beds. They have been assigned a tentative age by Clarkson et al (1979) 

on the occurrence of Middle-Cambrian fauna in erratics that are thought 

to be derived from them. 

In the Pensacola Mountains, the Cambrian is represented by the 

Nelson Lineston, volcaniclastics of the Gambacorta Formation, and the 

dominantly argillaceous Wiens Formation. These strata were deformed 

during an event which correlates with the Ross orogeny, and were later 

intruded by Ordovician granitic bodies. Whether this orogeny was felt 

in the Shackleton Range is problematic. Blailock Beds are found in 

homoclines dipping toward the southwest which can either be interpreted 
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as fold limbs (Clarkson, 1972), as tilted fault blocks, or as deposit- 

ional talus (Ford and Kistler, 1980). The absence of granitic plutonism, 

which seems characteristically associated with the Ross orogen, supports 

the latter. 

The Ross event is not recorded in the 13,000 m of Paleozoic rocks which 

form the Ellsworth Mountains (fig. II). This series, which includes 

Cambrian carbonates and elastics (Minaret and Heritage Groups), shallow 

shelf Devonian quartzites (Crashite quartzite), and Permian glacial and 

post glacial deposits (Whiteout Conglomerate, Polarstar Formation), was 

highly deformed and subjected to low grade metamorphism during the 

Triassic (?) at least Permian, Ellsworth orogeny (Dalziel and 

Elliott, 1973; Splettstoesser and Weber, 1980). The fold trends turn 

from northwest at the southern end to north near Ellsworth Land; this 

trend is anomalous when compared to that of the roughly contamporneous 

(?) Weddell orogeny (Pensacola Mountains) and "Gondwanian" orogeny 

(Scotia Arc Sector). 

The Permian beds found in the Pensacola, Ellsworth and farther 

south in the Thiel Mountains are correlative with the Beacon Group 

formations found in the Ross Sea Sector of the Transantarctic Mountains 

and in the Theron Mountains (Collinson et al, 1980, fig. II). They are 

also correlated with the Amelang and Kirwan formations of Western Queen 

Maud Land (Aucamp et al, 1972). Most of these formations show evidence 

for a late Paleozoic glaciation in this part of Gondwanaland. East and 

south of the Pensacola region the strata of the Beacon Group are essentially 

flat lying, not affected by the Gondwanian orogenies; they represent 

terrestrial deposits marginal to a stable craton that has been subjected 

to epirogenic movements since the early Paleozoic (Dalziel and Elliott, 
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1973). In the Pensacola region itself the Neptune Group, Dover Sandstone 

(Devonian), Gale Mudstone and overlying strata were deformed into broad 

open folds. 

Following the lower Mesozoic folding episode, little is recorded in 

the Transantarctic Mountains. In the early Jurassic mafic stocks were 

emplaced following the trend of the mountains along the depression 

separating East and West Antarctica (Ferrar Dolerites, Dufek Intrusion). 

They are believed to be part of an evolving magma (Kistler and Ford, 

1979; Neethling, 1972b), and they could indicate an early rifting (?) 

episode contemporaneous with the break-up of Gondwanaland. 

The Dufek Intrusion, which forms most of the Dufek Massif and 

Forrestal Range in the Pensacola Mountains, has an age of 172 M.Y.B.P. 

(Kestler and Ford, 1979) and is comparable in size with South Africa's 

Bushveld Complex. It extends north beneath the Filchner Ice Shelf into 

the Weddell Sea continental shelf (Behrendt and Drewry, 1979). It is 

gently tilted towards the southwest, recording what might be a fourth 

folding event (post Middle-Jurassic). 

The Pensacola Mountains lie on the borderline between East and West 

Antarctica, and geophysical studies in the area have revealed a major 

discontinuity in the crust which thins toward the northwest of these 

mountains (Behrendt, 1974). What is certain is that west of this axis 

there are few terranes which might be related to those of the "Trans¬ 

antarctic" trend; The exception would be Ellsworth Mountains 

which are anomalously oriented (Schopf, 1969; DeWitt, 1977; Watts and 

Bramall, 1980) and southwest Marie Byrd Land, Edsel Ford Range, 

(Wade, 1978) which is believed to have undergone a large amount of 

displacement relative to East Antarctica (Scharnberg and Scharon, 1972). 
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Compared to the mono-block structure of East Antarctica, West 

Antarctica displays more complex structural features. It is composed of 

relatively high mountains (locally several thousand meters) cut 

by very deep troughs, which extend well below sea level (fig. I). If 

the ice cover were removed and isostatic rebound occurred, there would 

be an archipelago with four main islands, the Antarctic Peninsula 

Ellsworth Land, Eights Coast, Ellsworth Mountains and Marie Byrd Land, 

all underlain by continental crust (Demehitskaya, 1960 ; Woollard, 1966). 

These islands seem to have different affinities and they represent a 

complete puzzle in plate tectonic reconstructions. 

To the west of the Weddell Basin lies the S-shaped Antarctic 

Peninsula: Graham, Palmer,and Ellsworth Lands. Here the basement complex 

is composed of pre-Jurassic rocks, which have undergone strong deforma¬ 

tion and locally some metamorphism (Nordestjold Coast) during the climate of 

the "Gondwanian" orogeny. Dating is somewhat confused, but the forma- 

ations considered, i.e. Trinity Bay Series, are believed to be late 

Paleozoic in age (Dalziel and Elliott, 1973) and the deformational phase 

to be Triassic (Adie, 1972). Axes of isoclinal folds are parallel to 

the trend of the Peninsula. These terranes are believed to be correl¬ 

ative with the Andes Basement Complex in South America (Dalziel et al, 

1975) and represent a Paleozoic, Lower Jurassic arc-trench complex along 

the western coast of ancient "Gondwanaland"...i.e. Scotia Sea Region 

(Suarez, 1976; Dalziel et al, 1981; Smellie, 1981). Much in the post- 

Middle Jurassic geological record indicates common histories for both 

areas. 

Late Mesozoic sedimentary and volcanic sequences are indicative of 

an active margin environment, which might have continued as late as 
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Eocene in the northern part of the Peninsula (Johnson and Vanney, 1976). 

In Graham Land, Jurassic (?) elastics are mainly composed of conglomer¬ 

atic rocks. They are interpreted as alluvial fan to marine deposits 

(Elliott et al, 1978) and are overlain by a thick (up to 3000 m), mostly 

andesitic volcanic series which outcrops throughout the Peninsula. 

Farther south in the Lassiter and Orville Coasts, the Middle to Upper 

Jurassic Latady Formation is mainly composed of siltstone and mudstone 

of volcanic origin, interbedded with calk-alkaline to silicic (Williams 

et al, 1972). The lithologic composition of these rocks has been inter¬ 

preted as a back-arc assemblage (Suarez, 1976). The basin could extend 

farther east under the Weddell Sea Shelf in prolongation to the Andes 

Marginal Basin, which takes up most of Tierra del Fuego (De Witt, 1977). 

The climax of deformation due to the Andean orogeny occurred in the 

mid-Cretaceous in the South American Andes (Dalziel, 1975). It highly 

deformed what has been interpreted as a marginal back-arc basin and its 

Lower Cretaceous sediment fill (Dalziel et al, 1974). In Antarctica, it 

seems deformation began earlier, sometime between the Upper Jurassic and 

Lower Cretaceous, affecting the Latady Formation and overlying volcanics 

in eastern Ellsworth Land. Folds are isoclinal and overturned towards 

the Weddell Sea, indicating compressional forces come from the west coast 

of the Antarctic Peninsula and was probably associated with an east dip¬ 

ping subduction zone. In the northern and central parts of the Peninsula, 

only block faulting is conspicuous, rejuvenating the pre-Middle Jurassic 

basement (Katz, 1972; De Witt, 1977). Only Alexander Island bears some 

evidence of folding on the western limit of the Peninsula. The sediment¬ 

ary and volcanic rocks of the Lower Cretaceous Fossil Bluff Formation 

have been deformed into broad open folds with locally some thrusting 
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towards the east (Bell, 1974). 

A widespread low grade thermal event is suggested by dating of 

metamorphic rocks in Elephant Island (South Shetland Islands; Grikurov 

et al, 1970), but otherwise little metamorphism is assocaited with this 

igneous activity. 

Further Cenozoic uplift, rejunevating old relief from the Trans- 

antarctic Mountains to the western continent, and extensive block fault¬ 

ing parallel to the Peninsula shaped its actual morphology and control¬ 

led Cenozoic volcanism. 

Cenozoic marine rocks have only been recognized on Seymour Island, 

at the northern tip of Graham Land. Fine gray sands, interbedded with 

silty clays and cut by sheet-like beds of pebbles, form the bulk of the 

lithology. It is characteristic of a high energy deltaic environment 

and has been dated early Cenozoic (Paleocene and Eocene) (Elliott et al, 

1975). Faunal similarities with South America and New Zealand, which 

had previously been recognized in Mesozoic strata (Quilty, 1977), seem 

to have continued through this period» The age of onset of glaciation 

on the Antarctic Continent is somewhat problematic. 

Plate Tectonics Reconstructions and the Breakup of Gondwanaland 

The age of the lithology and intensity of deformation, through space 

are roughly indicative of an accretionary origin for West Antarctica. 

Deformation and sedimentation migrated west through time along the edge 

of the East Antarctic Craton. This theory was brought up at an early 

stage in the exploration of the Antarctic Continent by Hamilton (1966) 

and has some supporters (Dietz et al, 1972; Ford, 1972a). Further 
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studies, both geological and geophysical, tend to modify this simplified 

picture. 

Reasoning when trying to approach the evolution of the region is 

often circular, as it relies, when no direct data is available, on 

reconstruction models. These models are predictive. They assume 

geological events for the different plates involved which have not 

always been proven. 

The theory of a single Precambrian to Paleozoic continental landmass 

Gondwanaland formed by all southern continents, i.e. Australia, Ant¬ 

arctica, South America, Africa and India was postulated first by Du Toit 

(1937) and his reconstruction of this paleocontinent is on the whole, 

still accepted (fig. III). Paleomagnetic data, for example, yields 

concurrent paleoploes for all continents through the early Mesozoic when 

they are placed in their postulated "original" position (Creer, 1970; 

McElhinny, 1970). Data is not continuous through time and does not 

exclude rapid and limited ( —^100 km) motions between blocks (Creer, 

1970). Such movements of limited extend are recorded for the Ellsworth 

Mountains in regard to East Antarctica diring the Paleozoic-Late 

Cambrian (Watts and Bramall, 1980). Post-Jurassic paleopoles are, in 

contrast, widely scattered and suggest a Middle Mesozoic time for the 

breakup of the supercontinent. 

It is interesting to note that there is no pre-Jurassic data for 

West Antarctica and relatively scarce pole determinations for the 

eastern part of the continent. Yet other evidence, i.e. similarity of 

terranes and fauna between continental blocks and marine paleomagnetic 

studies, support the Gondwanian theory. 



Figure III: Plate reconstructions of the Southern Continents. 

1,2,3,4,5,8 and 9: Pre-Mesozoic reconstructions of 
Gondwanaland. 

6 and 7: Cretaceous to early Cenozoic reconstructions 
of the Southern Ocean. 

10 and 11: Pre-Cenozoic reconstruction of the Scotia 
Arc Region. 
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In the southwest Indian Ocean, age and orientation of magnetic 

lineations agree with a paleoposition for Dronning Maud Land (fig. 1) 

against the Mozambique coast of Africa. The initiation of motion between 

Africa and Antarctica could be as early as Jurassic (Norton and Sclater, 

1979). This motion, which must first have been along long transform 

faults parallel to the Mozambique coast, later became a northeast-south- 

west drift (Bergh, 1977). 

Recent correlations of marine magnetic data also yield a Mesozoic 

age (^^165 m yrs) for the oldest oceanic basement found in the Weddell 

Sea (La Brecque, 1981). The magnetic lineations defined trend from 

east-northeast to east-southeast from north to south, giving a conver¬ 

gence point to the west, near the Antarctic Peninsula. This point would 

indicate the position of the motion's pole of rotation. 

The most widely accepted date for the opening of the South Atlantic 

is the Valanginian, in the earliest Cretaceous. The various rifting 

episodes taking place in the region of the Weddell Sea during the second 

half of the Mesozoic are most probably related. They might have had two 

consequences...the drifting of the Antarctic continent towards its polar 

position in which it has remained until present (Me Elhinny, 1973) and 

the Mesozoic-Cenozoic compressional tectonics which have prevailed along 

the boundaries of the Antarctic Plate and the now destroyed Aluk Plate 

in the South Pacific (Weissel et al, 1977; fig. III). Along the southern 

Antarctic Peninsula, folding began in the early Cretaceous (Dalziel et al, 

1975; Quilty, 1977), but an island arc was already present at the time 

of deposition of the Latady Formation during the middle to upper Jurassic 

(Williams et al, 1972). The pattern of divergence between the three 

continental blocks, i.e. Africa, South America and Antarctica, is now in 
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part obliterated by the Scotia Arc Complex which has a more recent 

Cenozoic history. It is hypothesized that mafic stocks of Jurassic age 

in the Transantarctic Mountains might evidence an early stage of rifting 

between East and West Antarctica (Craddock, 1964; Schopf, 1970), 

associated with the formation of the South Atlantic and Indian Basins. 

There are, in fact, two geochemical trends for these Jurassic intrusions; 

the Karoo trend of South Africa and western Dronning Maud Land and the 

Transantarctic trend which extends from the Pensacola Mountains into 

New Zealand (Neethling, 1972b). The former seems to have a less contam¬ 

inated mantle composition. The evidence from magnetic data in the 

Weddell Sea and the thinner crust underlying the Ross-Weddell depression 

are suggestive for such a theory. Another suggestion for the origin of 

this rifting is given by Dalziel et al (1975), Suarez (1976) and De Witt 

(1977), and calls for a back-arc spreading center similar to that found 

in Southern Andes which developed during the early Cretaceous. 

Between the late Cretaceous and the early Cenozoic, breakup occurred 

in the eastern longitudes of the remaining Gondwanaland Supercontinent. 

India and Madagascar (Norton and Sclater, 1979), New Zealand and the Lord 

Howard Rise (Weissel et al, 1977) and finally Australia separated from 

Antarctica. Rifting in the Southern Ocean initiated 53 M. Y. B. P. 

(Weissel et al, 1977) and was the first step to the cooling of the Ant¬ 

arctic Continent and consequent glaciation (Kennett et al, 1974). 

The evolution of the Scotia Arc region is a key to the plate 

reconstruction between the three continents, South America, Africa and 

Antarctica, and ultimately to the relation between East and West Antarc¬ 

tica. Several theories have been proposed (Schopf, 1969; Dalziel and 

Elliott, 1973; Suarez, 1976; De Witt, 1977) to account for the geological 
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record and the actual position of these three land masses, but they are 

largely speculative. First plate reconstructions (Du Toit, 1937; Smith 

and Hal lam, 1970) show an overlap between the Antarctic Peninsula and 

the Faulkland Plateau, both of which are of continental affinities. 

This has been tentatively explained either by displacement of West 

Antarctica in regard to East Antarctica or by intraplate deformation, 

following separation. 

The former hypothesis has been somewhat constrained by paleomagnetic 

studies which deny large ("—^ 103 km) displacement between both sub¬ 

continents, at least since the emplacement of the Andean intrusions, i.e. 

Cretaceous (Kellogg and Reynolds, 1977). On the contrary, data from 

Marie Byrd Land seems to agree with large displacements between 

continental blocks(Scharnberg and Scharon, 1972; Cox and Gordon, 1978) 

and supports the idea of a diverse origin for the West Antarctic Islands 

(Alley and Watts, 1979). Preliminary results from North Graham Land 

(Hope Bay) support a pre-Late Jurassic counter clockwise rotation, 

between East and West Antarctica. 

The idea of large intraplate deformation could be documented 

farther south in the Antarctica Peninsula where paleopole determinations 

favor oroclinal bending as outlined by the change in the trends of folds 

in the Orville Coast. This could indicate lag along an early tertiary 

fault system (Kellogg, 1979). 

From a geological standpoint, pre-Cenozoic continental connection 

between the Antarctic Peninsula and South America is evidenced,and this 

connection forces plate reconstructions to have a position for the 

Antarctica Peninsula totally different from the one suggested by Smith and 

Hallam (1970); Dalziel (1973); De Witt (1977); Quilty (1977)(fig. III). 
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Supportive evidence for all of these models is, in any case, meager. 

The overall characteristic environment of the area until mid-Cenozoic is 

that of an active margin. Well documented in South America (Dalziel 

et al, 1974), it is widely suggested in the Antarctic Peninsula: 

- Occurrence of two parallel volcanic and plutonic provinces along 

the Peninsula during the Jurassic and Cretaceous: a Gabbroic to 

Quartz Dioritic belt on the west coast flanked to the east by a 

belt of more potassic, commonly Granodioritic rocks (Lassiter 

and Orville Coast among other locations, Williams et al, 1972), 

is indicative of an east dipping subduction zone. 

- Jurassic lithology of the Eastern Coast Provinces are character¬ 

istic of a back-arc environment (Williams et al, 1972). 

- Frequency of intrusives diminish from north to south. The 

emplacement of these intrusives ranges from syntectonic to post- 

tectonic supporting the hypothesis of a subduction zone closing 

from south to north (Dalziel and Elliott, 1973). 

- Marine paleomagnetic data from the South Pacific and the 

Bellinghausen Sea, acknowledge subduction during Cretaceous time 

which continued into the mid-Cenozoic (Miocene) along the 

Peninusla (Johnson and Vanney, 1976; Weissel et al, 1977). 

Evolution of the volcanic arc is not too clear. Was there a back- 

arc basin floored with oceanic crust similar to the one documented in 

Patagonia? Is the folding of the Latady Formation, which is interpreted 

as a back-arc series, associated to the closure of this basin? There is no 

proof as to the presence of a mafic crust below the Weddell Sea shelf. 

But the overturning of early Cretaceous folds in the Lassiter and 

Orville Coasts involving the Latady Formation is towards the Weddell Sea, 
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away from the subduction zone (De Witt, 1977). 

Final separation between Antarctica and South America and opening 

of the Drake Passage occurred between 20 and 30M.Y.B.P. às suggested by 

magnetic lineations in the western Scotia Sea (Barker and Burrell, 1977). 

Formation of the South Sandwich Arc is more recent (8M.Y.B.P.). it lies 

on Pliocene Oceanic crust created at north-south trending ridge in the 

eastern Scotia Sea (Weissel et al, 1977). 
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APPENDIX B 

SYNTHETIC SEISMOGRAMS: 
A TOOL FOR THE INTERPRETATION OF SEISMIC DATA 

A computer program SYNSEIS, using P. C. Wuenschel's (1960) scheme's 

was used to generate synthetic seismograms. Their aim was to test some 

of the characteristics of the data: source sensitivity to the lithology 

and to the acoustical parameters, and artifacts through theoretical 

computations. 

Wuenschel's Scheme 

The model used is that of a multiple layered media,(N layers and 

N+l interfaces) illustrated in Figure I, bound by two infinite media. 

Only vertical propagation is taken into account; the corresponding wave 

equation, to be solved for each layer is thus: 

a2u „ 92
U 

  = c   
(l) at2 ax2 

u = Particle displacement 

t = time 

c = velocity of propagation 

x = coordinate along the vertical axis 

The solution must satisfy boundary conditions, i.e. continuity of the parti- 
du 

cle velocity (u = dt ) and stress across each interface, and the initial 

conditions (signature) at the source. The latter is only taken into 

account at the end through a simple convolution operation. It is assumed 

first that the source is an instantaneous spike <$(t) and the following 

computation will lead us to the earth's stickogram, or succession in time 

111. 



Figure I: Model assumed for synthetic seismogram. 
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of the impedance contrasts. 

Equation (1) gives a relation between the Laplace transforms of 

the particle velocity ( F ) and that of the stress ( ô ) of two adjoining 

layers: 

°k 

°k 

II
 

sA -sB 

pk ck sB -pkckA 

|3
*
 U 

= ak 
Vl 

rr 

k k-1 
sd/c -sd/c 

A = % (e kk + e kk 

sd/c -sd/c 
B = % (e kk-e kk 

ck = velocity of propagation in the keth layer 

pk = density of the keth layer 

d 
k = thickness of the keth layer 

s = Laplace variable 

If we consider the entire layered medium, we have the final equation in 

in Laplace domain: 

(3) a., a, . • • • al 
N N-l 

Practically when using (3) to compute synthetic seismograms, the three 

following points will be acknowledged: 

Constant travel time layers: 

T = ^k_ (k = 1, N) 
Ck 

The characteristics of the infinite lower medium yields a relation 
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between û and a : û = û 

N N N N+l 

°N = PN+1 CN+1 °N+1 aN= PN+1 CN+1 °N 

The infinite upper medium is stress free 

a - = 0 ( stress above the 1st interface is zero) 

There are three cases to be considered and these will develop four 

final equations: (4) (5) (6) (7) 

a. Source and detector are at the surface: 

Boundary conditions 
= 6 (t) 

a o- 

Jo+ - a, o- = -1 

6 (t) being the time variation of the source 

Using relation (3) 

°N ùo+ A11 
A12 

S aN • » ft «J = 

pN+lcN+l °N -1 
A21 A22 -1 

which solved for û o+ • 

(4) ù0+ = A22/PN+1CN+1 + A12 

A11 + A21/PN+1CN+1 

The A^j are polynomials of e"^ST and the results of (4) is also a 

polynomial of e -2ST 

ÛQ = a0 + ai e’2ST + 
.+ aN e -2NST 
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Going back to the time domain: 

oQ = aQ Ô (t) + a2 6(t-2t + ... +aN6(t-2t) 

This represents impulses which are separated by a 2T time intervals. 

This latter parameter corresponds to the sampling rate of the signal, 

b. Source buried at the a**1 interface: reasoning as above, but 

setting the discontinuity due to the source at the a**1 

interface. 

(5) û = All+ A21/PN+1CN+1 
All+ A21/PN+1CN+1 

a., a . 
N a+1 

C. Detector buried at the btn interface: The variables of 
th . 

interest are now the earth's response at the b interface: 

‘ ùb , rather than 
ùo 

% -o 
i the signal recorded at the air inter¬ 

face, whether the source is buried or not: 

(6) °b 
= A" A11 Ûo 

-A" a12 A” = |«N 

(7) ?b 
= A" A11 ?o 

+A'" A12 

A" a. a+1 

Source at 
surface 

Source buried 
at _ th 

a 
interface 
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Program Synseîs 

The program has four options: 

(1) Choice of the value T = TAU, or half the sampling interval. It 

might be given (.5, 1.0, 2.0 ms in general) or it might be computed. 

The latter case is interesting for some simple models when no 

convolution by a continuous signature. 

(2) The density distribution which can be taken into account or not. 

The actual value of the reflection coefficient is: pici - pjcj 
pici + pjcj 

but it is usual in the shallow zone of seismic penetration (3 to 

4km) to consider p as roughly constant. 

(3) Choice of the buried source computation or not. 

(4) Choice of the buried receptor computation or not. 

The different steps preformed by the whole algorithm leading to the 

determination of the earth's stickogram are summarized in Figure II. 

Finally, comes the convolution between the stickogram and the source 

signature. 

A second program SYNSEIS PLOT is then used to plot the data in a 

wavelet form on the calcomp plotter, at the desired scale. 

Complete listings of both programs are in appendix C. 

Parameters 

The data considered in this study have all been recorded in a marine 

environment, in water depths generally exceeding 400 m. 



Figure II: Simplified organigram of SYNSEIS and SYNSEIS PLOT 

programs. 
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MAIN PROGRAMS SUBROUTINES 

Transforms layers into 
time intervals 

Transmission matrix for 
one layer 

Multiplication of two 
transmission matrices 

Selection of terms in 
matrices necessary for 
l'etermination of 
stickogram 

Convolution of two 
one-dimension arrays 
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The Source 

The source used in both surveys was a 4kJ sparker system with 

three electrodes giving a medium energy acoustical pulse of duration 10 

to 20 ms. The system generates energy in the seismic and sonic range by 

discharging stored electrical energy between electrodes in salt water. 

The acoustic source bubbles are composed of steam which generate high 

pressure pulses (fig. III). Their analysis shows: 

• Initiation of the steam bubble due to extremely rapid heat¬ 

ing of water creates a steeply rising shock wave. 

• The pressure then falls exponentially as the bubble expands. 

• The pressure lowering and cooling of the steam produces the 

bubble to collapse or implode, producing a second intense 

pressure pulse. This gives typically a single bubble pulse 

as opposed to other marine sources. 

• The implosion pulse is followed by a type of "sizzling" 

presumably resulting from collapse of numerous small bubbles. 

• The bubble "lifetime" or period is function of the source 

energy. It increases exponentially with the energy (fig. IV). 

It is interesting to note that the low frequency content of the 

pulse is provided by the total transient waveform --shock plus implosion— 

and is thus also a function of energy. The low-frequency content of the 

source determines its depth of penetration, as the earth acts as a high 

cut filter. The 4kJ sparker has a rather shallow penetration 400 to 500 m, 

but its power of resolution is quite high at these depths. 

Unfortunately there was no ready availability for the 4 J pressure 

signature, to use in the synthetic seismograms. Both 3kJ and 5kJ pulses 

were used considering the actual one must be intermediary between both. 



Figure III: Pressure signature of underwater sparkers 

Figure IV: Rayleigh-Willis diagram for representative energy 

source systems. Plotted for a source depth of 30' 

(from F. S. Kramer et al, 1968) 
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(see Interpretation Paragraph). 

Quantities Measured 

As seen in previously, Wuenschel's scheme solves the vertical 

transmission equations for the velocity of the particle (u) at the 

recording depth. The actual value registered by the hydrophones, on 

the other hand is the acoustic pressure. It can be shown that both the 

displacement velocity and the acoustic pressure are in phase (fig. V), 

and follow the same amplitude pattern. 

Velocities and Densities 

The velocities of propagation of seismic waves is one of the physi¬ 

cal parameter which defines the reflection coefficient at the interfaces 

between each layer, the other one being the density of the medium. They 

are thus critical data, when building models for synthetic seismograms. 

Velocities are not directly determinable with the seismic reflec¬ 

tion method and there is no information for the area of study itself. 

It is generally accepted that in the marine environment velocities of 

shallow layers, when they are not outcrops are close enough to that of 

water; the seismic impedance contrasts generating reflections, is then 

created by density changes. 

The velocity in the water layer was taken to be 1450 m/s, this is 

supported by the results of refraction studies of Dronning Maud Land, in 

an area continguous to the survey (Hinz, 1978). Rather than using a 

density model which yields small contrasts in acoustic impedance, a 



Figure V: Phase and amplitude relationships between parameters 

of an acoustic system. 

(from N. A. Anstey, 1977) 
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velocity model was assumed which in the range of depths that were 

considered, is an acceptable approximation: there would be a .13 m/s 

time lag or delay between pulses traveling at 1450 m/s and 1600 m/s (fig. 

VI). The ocean bottom velocity, was the latter value. It is the minimum 

value of refraction velocities gathered in the Ross Sea in a similar 

environment (Houtz and Davey, 1973) and offshore Dronning Maud Land. 

It was most important to have a reasonable model for the study of the 

definition of the signature as it was to be confronted with the actual 

data. 

Other velocities were picked in the 1450 - 2000 m/s range well 

within the velocities determined in other sectors for the interval 0 - 

500 m. They corresponded to sediments of glacial origin which were 

sampled on DSDP-Leg 28 cores. 

Interpretation 

Considering the source signal is not the ideal spike -- instanta¬ 

neous pulse--but rather a long (20 ms) continuous multipulse signature 

the actual recording will be a composition of responses, following 

different raypaths (fig. VI ) but which reach the receiver at the same 

time. The thickness of the "homogenous" layers assumed by the model as 

well as the depth of source and receiver will define this superposition 

of pulses. The fact that two elements of the earth's stickogram are 

separated by a time interval smaller than the length of the signature 

(20 ms)will create an overlap of responses deforming the pulse (fig. VII). 

The surface reflection is a particularly important point in marine 

surveys. Both the source and receiver are in the water layer allowing 

for the different pulses generated within the earth to follow two or more 



Figure VI: Seismograms (I) 

Comparison of the response with varying sea floor 

velocities—10m layer overlying homogeneous "basement" 

V water 
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Figure VII: Some of the possible ray paths and the resulting 

stickogram. (two-way travel time) 
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Figure VIII: Seismogram (0): One layer models with 3kJ source 





126. 

paths. In the model which was used the two of them lie at the same 

depth (20' or 6.7m). When a pulse reaches the air-water interface, it 

is reflected as a pulse of opposite polarity with no amplitude loss. 

Supposing you have mostly positive reflected pulses incident from the 

earth, the negative counterparts will eventually "erode" useful infor¬ 

mation which is in phase with it. This explains why a 5m layer in the 

model analyzed with the synthetic seismogram, is not only undetectable 

but gives a response shorter than the one for a 2.5 m layer. Theoret¬ 

ically a 7.4m, with a sub-bottom velocity of 1600 m/s would be invisible. 
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1) Main Program generating synthetic data 

2) Subroutines called from main program 

3) Plotting program 
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1.1 FORTRAN IV Gl RELEASE 

0001 
000 2 
000 3 

0004 

0005 

0030 

0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 

0040 
Où 4 7 

mî 
MU 
0054 
0055 

88?* 
005b 

0059 
0060 

0063 
0064 
0065 
0066 
006? 
0060 
0069 

8 C 
Ï. 
c 
c 

c 
c 

8 
c 
c. 
c 
c 
c 
c 
c 

0006 

ms 
0009 
001J 

107 

m 
001 A 

10« 

001 • 
0015 

0016 
0017 

■!*> 
c 
c 

mi 
4 100 

881 ? 
0022 

101 

0023 10 
0Ç24 
0u25 

102 

0026 
0027 

11 

002 R 
0029 

103 

0030 
0031 
0032 

200 

0033 12 
0034 
0035 
0036 
00 37 

104 

c 

8 

50 

8’ 
c 

106 

14 

2.0 «AIM OAT £ « 81162 

DEFINE FILE 13(6,4004. 
lMTcG$» ^Tl«n?I2t*iPT39 J'’f4,:>e'Wj?;)fr,v7î0çGT0T 

128. 

01An hi ION N’i(6')>,NS(60)«T-ACE(2001) *VtC11(2001>,VECT2(2001),VC501) 
l*MC4 01 >#Tù(601) ,JU 501 > •T,3T(2.2,2001 >,SGNC 150 > 
CCJ**r,N/t ARTH/V.N.TH,NR14Y .TMU/TKANSI/TOT • VECT1.VECT2.NS/TPANS2/NDI 

1*2.U«>T i ,N2>IMSfN$UMR/t 4FTH2/lT/C«JWO/Ob^TCT 
DATA IN«,lN$/2*02,*4/50*0/.TftAOt/20Ol*f>./ 
T*U*UNIT INTERVAL OF Tl*t II NS*l/2 IF SAMPLIN'. HATS 

r. 
c 
c 
c 
c 

230 

V*V*rLQClTY OTSTRIbUTIOM tNCLUÜiNG $U9$TKûTUM 

D*DCN$ITV OlSTTIbUTlON INCLUDING 5U&STRATUP 

TH*THtCKNtSS Dt>TRI8UTinN(*0 FOR $UHSTPAT(JM) 

VcCTl,VcCT2,T0T A«EVOR*lNG ARRAYS 

TRACE IS FINAL OUTPUT ARRAY 

OPTi***0ETE9MINATION OF TAU *0 GIVEN 
«lCONPUTèO FUR ONE LAYER 

npT2*Y*0ENSITV 0ISTRI6UTI0N «0 
-1 

GIVEN 
CONSTANT 

*0 
«1 

YtS 
NO 

«0 
*1 

YES 
NU 

OPT3***RURItO SOURCE 

0PT4***8URIt0 RECEIVER 

REA0(5 ,107) NCONVO 
MI«F4*U?S> NC0,,V0 
LL3*NC0NV0 
00 60 I*i«LL3 
REA0(5.108) SGN(I) 
F(3R4AT(FI0.2T 
TTP$*< W)*2.*TAI| 
MRIT€<6.231> $GN(t).TTpS 
FORMAT(•«SIGNAL AMpflTUDE*,F10.2t* AT•,F5.2••*$*3 

$GN IS INPUT SIGNALCSIGNATURE) SAMPLED AT 2+TAU 

00 60 IND*1,3 
READ(5,100) ;TPT1,.TPT2,C1PT3*UPT4 * 

l2R?oMî ÎI3.1 )G0 TO 10 

mAihms*1' 
GO TO 11 
REAO(5.102)HL,VL 
FORMATC2F5.2) 
TAU*TML/VL 
N$UM«0 

Î88K»M,'",U' 
IF (NbLAY.LE.500) GO TO 12 

MRIT E(6 ,200) 
FORNAT(i»TOO MANY LAYERS*) 
STOP 
NOIN _ . 
on.50,i 
N0IN1*N9LAY41 
00 50 I*l,N01Ml 
REA u(5.194) V<! ),TH(I) 
FORMAT(F5.2,F10.4> 
N(I)*TM(t)/(V(I)*TAU) 
NSUH*N(1)4NSUM 

TOTAL NUMBER OF TAU LAYEft$sN$UM 

IFCI.LT.NOINl) GO TO 50 
N(I)*9999N 
TH(I)*99999. 
CONTINUE 
IF(0PT>.GT.9> GO TD 13 
DO 61 IM.NOINl 
READ(5.105)0(1) 
F0R*AT(r5.2> 
N0IM2*2*(NSUM413 

SOURCE ANO RECEIVER 

NSUM$*0 
IF(upT 3. EQ. i) GO TO 14 

CALL SO«JREC(OTHS,NS,1 NS.NSUMS) 
NSUMR*O 
IFCUPT4.EQ.1) GO TO 15 
RE AD (5,106) OT'TP, 
  iRtL(OTHR.NR,INR,NSMMR ) 

1ER ONE COMPLETE!)*) 

" 14ii u»i 'Jo; 
CALL SOUR£C< 

15 WRIT FA 6.201 ) 
201 FQR8ATC*»STé 

1600 
C 
C 
c r, 
C 

511 

16 

DATA cOITION 

WRTTF<6.230>nPTlfOPT2,nPT3,OPT4.NBlAV,OTMS,QTtiA 
FDRMAT(*-.JPT FOR TAUSTS.’OPT FJO DfcNS I TV • f 15 .///••RURIEO SOURCE* i 

115./7/ ••BURIED REGEIVEp*,I6.///».NUMBER OF LA?E*$ IN MODEL • , 15 , /// 
2••Ofc PT H Tu SOURCE*,F5.?,///*-utPTH TO «fcCcIVFR•,F2) 
WRlfE(6. 1500) V(t),V(2Î,V(3) 
FOR MAT (I H,3(F 10.4,4X>) 

STIC«OGAAMM COMPUTATIdN 
MATKIX 10 SURFACE 

CALL VFCUIR(NBLAY,NSUM,N) 
IF(upT3.t0.1 ) GO TO 16 
DO 611 L*1,401M2.2 
VtCTlCl)*VECTi(L)4VÇCT2(L>/(D(N0IMl )*V(KOIM1)) 
^ GV1*NSUM.NSUMS DE SUM.NSUMS 
GO TO If 
00 62 fsl,NUZM2,2 



1.2 
129 

007 0 
00*1 
0072 

Ml 
007 5 
0076 

52 

17 
53 

T 

IA 

311 

00 T T 
00 7 fl 
Ou 7 4 
0980 
004 1 
00*2 
0J3 3 
004* 
0985 
00 A 6 
00 A 7 
Ouflfl 
008 4 
Q«‘»90 

14 

0041 
00 3 2 
0.143 
004* 
004 5 
0036 
09 77 

55 

20 3 

0993 
0094 5* 
QIOC 

204 0191 
C 
r 

l 
0102 
010 3 
010* 
0105 
0106 
0107 

20 5 

20 
01-9 8 
0199 
0110 
OUI 
0112 
0113 
Oil* 
Cl 15 
OU* 

m 
56 

0119 
0120 

1501 

0121 
211 0122 

0123 2* 
0124 561 
0125 21 
0126 
0127 206 
0123 
0129 22 

ttti 
57 0132 

m 
mis 
013* 
0137 
— 4 

9 
0 

0141 
01*2 
0143 
0144 
014b 

i**» 
147 
14* 
149 
150 
151 

0152 
‘153 

15* 
155 

015» 
015* 

»;? 
01*9 
0141 

nu 
0164 

veCTt(I>*TOT<2#2,IV<Of NOm>*VCNOI*l>WOTCl«2tI> 
OEGVI*NSUM 

v2çT?Cn*TuT(ï$îtI>4T0T(2tl tI>/<0<NDI*i >*VCNDI“0> 
DEGV2*N5UM 
WHIT E(6.202 > „ 
FQRMAT(*«TPAM$MI$STON *AT*I* COMPLETED») 

POLYNOMIAL 07VISION 

NC04P*t 
0UM8Y*VcCT2(l) 
NOM8*1 
IF(OUM4Y.N£.0.> 00 70 19 

f 3RJAT(ÏX1UIR$T TtRM OF VECT2*0. UNREAL»//) 
NUIIMsNDÜ 44 2 
ni|M«Vx VçC72(NDtH) 
GO TQ 13 
00 54 1*1.2001.2 
7RACECNC04P )*V6C7l(I>/ni«MMV 
no 55 33*NCO1P.200l.2 

V^Vh^5^^1c|?MCÜMP>*VtC72(LL)4VcC7iC.|J> 
CONTINUE 
Ul)l| 8*V CC71( *lCOMP> 
VATûU* A6 S(UOUM) v „ „ „ _ _ , 
IF(V4Tnü.Lc.l*c«6) GO T:) 54 

*ÛR MAÎ( JpRj'Ofl^ ÏN*POLY NJ**I AL 0 IVISÎÛN . • ///. • -F IR $7 NON ZERO TEAM». 
17 GOT S7»»CK«.IiOS 

NC6*PSNC9MP4* 
FORÏA$C^ POLYNOMIAL DIVISION COMPLETED») 

MQVc 00*N TRACE 

OEGT 07 *NOUM»l *DtGVl•0EGV2 
IFCn€G70T.Lc.0> 60 TO 20 

*FOKMAT(••CRROR IN 0£6P£C OF FINAL POLYNOME») 
STOP 

IF(0P74#E0.1> GO TO 211 
CALL VFCTOR(îNR.NSUMS.MR3 
0£GV2*NSUMR 
0EGVI*NMJM6«MS«.HS 
NniM3sCNSUMR4i>*2 

SUMiSr5*3’2 

vl^T5(KK)*?PACr(KKl>*70T(l.lfKK2>4VECT2(KlO 

SSlT Ko. 1501 > OEGTOT• ÛEGV2.NSUMS*NSllN*   !  
F0R*AT<1X.4(I5.3X» 
0EGT0T*0EGT0T40EGV2 

G
8O

T
?6Î

1
I.1,2 

Vc?.T2$lS*TRACECI> 
CONTINUE 

FORMATÎWMPOSSIAILITY OF PHYSICAL SETTING»! 
STOP 
LL*»0€Gî0T41 
03 57 I*LL.2Û01 

VtC7?(lî >VàCT2<II41-LL) 

00*5 8*11*1 • LL 
VECT2C11 >=0. 
CONTINUE 
|FfijPT4.Eo.n G g TO 25 
IFCOPTî.ÊO.l) GO T3 27 

WLPf.c4.9> GO TO 25 
00 59 12*1«LL1 
VECT2C 12 )*VtCT2CI2>4VfcCTl(I240EGVl) 
GO T fl 5 5 
LL1«0EGV2 

VtCT2( 12>*VcCT2(t2)4Î0T(1.2#I24ûEGV2> 

«2001 

5R 
23 

59 

27 

61 
25 

2345 
5000 

c 
s 
26 

2346 
80 

207 

\4'« 

_ I NUE      
TFCINO.Gf.2) GO TO 26 
LEC*TNO+ 3 
WRIT|(13,L=C>(V£C72(K>.K*1.2001> 
DO 5000 3=1.200 
MNF 1*10*(3«l! 
URITF(6f2345)(VECT2(LtNNFI>.1*1.109 
FOR4ATflX,10CclO.4.2X)) 
CONTINUE 

CONVOLUTION BV SIGNAL 

siM.ssiwraun-ivwiwsssr 
WRIT Ê<6|2J4* 
 r I .* FOR MAT Cü^MRSCE*. 15.«COMPLETED 
CONTINUE 

Folïftt* -EXECUTION TERMINAÎEO») 
STOP 
END 
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FORTRAN IV Gl RELEASE 

C 

2.0 RAIN OATE - 81153 

0001 

883! 
000* 
0005 
0006 601 
000 7 

8833 
0010 
0011 
0012 602 
0013 
0014 603 

8811 600 
0017 

881* 300 
0020 
0021 

SUBROUTINE SQURECCOTHX.NX.INX.NSUNX) 
OIR;NSI0N V<501>,TM<501).NC501),NXCl> 
COHflo.x/cARTH/V, «tTH,N(»LMV,TAU 
SOMTHSQ. 
LL>*0 
IFCLLX.EQ.l.OR.INX.GT.NBLAV} GO TO 600 
TNX = lNXM 
sUJT H* SU NTH.THC tNX) _ 
TF<OTMX.LE.S'IMTH> GO TO 602 
NXCI NX)* NC INX ) 

NX<Î NX 38<OTHX-C SUNTH-THCINX) > >/C V<I NX) MAU> 
LLX= 1 
N$UNX*NSUNX*NXCINX > 
GO TO 601 . 
MbLATzNiM.AT+1 
IFCINX.LE.RBLAY) RETURN 

FÇRMA$(*-?ÜROR IN OEPTH TO SOURCE OR RECEIVER'} 

END 

FORTRAN IV G1 RELEASE 2.0 NAIN OATE - 81153 

m\ 
0003 
0004 
0005 
0006 
0007 
0009 
0009 

Eôii 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 

C 
C 

500 

501 

\V 

SUBROUTINE CONVOL(X.Y.I.NY) 
INTEGER DEGTQT 
CONNON/CONVO/ DEGTOT 
DIMENSION X(l).V(l)t2(l) 
00 500 1*1.2001 

L« 
I)=0« 

502 1*1*1 
IFCL.GT.IOOO) 60 TO 503 
IF(x(L).EQ.O.V GO TQ 50 
- - KK«Lt200lt2 00 501 
NT» NT 

03 501 II*ifMT 
*1 > 

IF<«8#G7#2001) 

02 

_ .   GO TO 501 
Z('t5W<5»0**<Ki0*7<XI> 
CONTINUE 

00 

MI"I I11UI 
RETURN 

FûRÎA^C^RSOR IN DETERMINATION OF STICKOGRANN') 
STOP 

£N0 

FORTKAN IV G1 RELEASE 2.0 NAIN OATE - 81153 

0001 
0002 
0003 

8331 
0006 
000 7 
0008 
0009 
0010 

8811 
0013 

Bll 
0017 
00! A 

mi 
0021 
0022 

8812 
0025 

8819 
0028 
0029 

500 

2000 

512 
511 
501 

III 

SUBROUTINE OUCON<A,B.Z48,NSZAB.NZFILL,N) 
ÇÎÏIÎ^J0" *C2.2.1>.B<2,2,l>.RC2.2#200l),ZA8Cl> INTEGER ZAB 

83 333 53:1 
00 500 K*1,2001 

wKnE^6.l8So) NS/AB.NZFILL.N 
FORMAT<1X.•NSTAB'»I5»•NNFILL*.IS.'NSUi' .15) 
00 501 1*1*2 

88 i?l ÀÎÎUÏ2 
no 512 Ml-t.NSZAB 
NNPAS*N/FILL*I 
no 512 *2*1.NxFZLL.NNPAS 
K*7ABÏMI>M2-1 
IP (K.GT.2001) GO TO 512 
#<I » J.K)*R(I*J.K)+A(I(Ll.ZABC M1))*B<Ll•J.N2) 

■CûNU  
CONTINUE 
00 502 1*1.2 

88 m rf:f:S 
A(I.J.K)*R(I«J.K) 
CONTINUE 
CONTINUc 
RETURN 
END 
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FORTRAN IV G1 

0001 
0002 
0003 
0004 mi 
0007 
0008 
0009 

RELEASE 2*0 NAIN OATE * 81153 
131, 

ill 
0013 

8 m 
0016 
0017 

88il 
0020 

c 
c 

500 

2040 

SUBROUTINE PILLIN<L«LL • A) 
DIMENSION AC 2,2,1) , V< 5 01) tNÇ501> t THC50D.0C 501 > 
COMMON/EARTH/VfN*TH#NBLAV,TAU/EARTH//0 
00 500 1-1,2 
00 Ç00 J=l*2 
00,500 K*l,200l 
ACI • Jt«O*0* 
Ll*2*LL4,l 
AC 1,1,1}*• 5 

Av 2,2 ,L 11* • 5 
AC 2,1,1 >*DCL)*VCL7/2« 
AC2,l«Ll)3a*AC2,l(l> , 
AClt2.l>*l*/C0CL)*vCL7*2O 
ACI#2•Ll)*-ACl#2tl) 
WRITEC6t2040) LLtUtACl'2tLl>*AC2tl,Ll),AClt2,l)*AC2«l,l) 
FORMAT C1X,2CI5,2X)«4CE10«4,4X)> 
RETURN 
END 

FORTRAN IV ft1 RELEASE 2,0 VECTOR OATE * 81153 19/58/55 

0001 
0002 

0003 
0004 
000 5 

m? 
0008 
0009 

8811 
0013 
0014 
0015 
0016 
0017 

ooli 
8811 
0036 
0037 

ïïü 
0041 

44 
ÔÔ45 
0046 
0047 
0048 
0044 
0050 m\ 
0053 
0054 

B 

2010 

•>00 

SUBROUTINE VECTORCH,NSUMX.NX) , • 
DIHENS ION NX(1>.WORM2.2*2001).ALPHAC2.2.2001>.VECT1<2001),VECT2<2 
10O1).TOT<2,2,2OO1),NS<5O>.TA8C5OO> • . 
COHHON/TRdNSl/TOT.VECTl,VECT2*NS/TRANS2/NDI«2.0PT3,NSUMS*NSUMR 
INTEGER H,0PT3«TAB 
DATA WJRK,ALPHA/1600B*0./.TAB/500*0/ 
NOI*X*< NSUHX+1)*2 
NSU‘‘0 = NX(H) 

HRtTE<6.2010) NDIMX,NSUM0 
P0ftHAT('-NSUM*«I5.'NB OF LTAU LAYERS IN LAYER 2*.15) 

— ,2001 

VECT2CII>*0. 
TA8C1)*1 
TABC2)s2*«XCH)^l 
N$TA9«2 
NN=H»1 
CALL FILLINCH,NXCH),TOT> 
KOMPT *0 
IFC.4N.EO.O) GO TO 505 
IFCNN.LT.O) GO TO 506 
DO 501 1*1,NN 
IIP*NN*W 
NSUMD*NSUM04NXCIIP) 
IFC0PT3.E0#1.0R.NSU**X*t0#NSUMS) GO TO 600 

IFC CNSUM X«NSUMO)«GT .NSUiS.OK.KÜfiPT.EQ.l ) GO TO 600 

502 

2030 

503 

504 
600 

511 
501 

505 

515 

516 
507 
506 
2U20 

DO 502 II*lt* 
502 

WÔRXUUJjUR)2tOT(II,jj,KK) 
88 

806* 
BBS 

NNL*NX(I IP >-N$<IIP) 
CALL FILLIN<ITP*NHL«ALPHA) 
NNFILL«NNL*2+1 
WRIT E(6, 2030) IIP,TAB<2)»NNL.NNFILL 
FORMAT O X, * 15 ) 
CALL OUCONCUOPK ,ALPHA«TAB,NSTAB«NNFILL*NDINX) 
DO 503 J=1.NDIM2.2 
VECT1CJ)=W0RX(1,1.J) 

KOHPTsl 
IFCNSUHX.EQ.NSlJNR) GO TO 600   
DO 50* JJ=l,NDIH2»2 
VECT2<JJ)*wORxC2,l,JJ) 

CALL FILLINaiP.NX(IIP),ALPHA) 
NNFILL*h X*IIP)*4*l - 
CALL DUCO.NtTOT,ALPHA,TA»,NSTA8«NNFILL«NOIMX) 
TABCNSTAB*!)*NX<IIP)*2*l 
NUSTAB*NSTAB*2 
MSTAB*2*NSTAB . 
00 511 H*NOSTA3,NSTAB 
TAB<H)*NX(IlP)*2-»l*TABCi-N0STAB*2)-l 
CONTINUE 
GO TO 507 . . 
CONTINUE 
IFCGPT3.E0.1.0R.NSUHX.E0.NSUHS) GO TO SOT 
NNL=NX(H)»NS<H) 
CALL FILLIN(H.NNL.WORK) 
no 515 J=1.NOIH2,2 
vtCTic j)*wo«xa.i,j) 

IFfNSUHX.EO.NSUHR) GO TO 507 
DO 516 JJ=1.N0IH2,2 
VfCT 2(JO)=N0PK(2,1.JJ) 
RETURN 
WRITE<6.2020) 
FORHATC-ERKOR IN INDECES GIVING NR. OF TRANSMISSION MATRICES,VECT 

l OP • / / ) 

STOP 
ENO 
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FORTRAN IV G1 RELEASE 2*0 RAIN DATE * 811T0 IT/22/02 

0001 
0002 
0003 

mt 
0006 
OOOT 
0008 

0009 
0010 
0011 

0015 
8016 
017 

0033 
0034 
0035 
0036 
0037 

fai; 
0040 
0041 
0042 

0046 
0047 

m 
#050 

0051 
0053 
0054 

m 
0057 
0058 
0059 

8S1S 
0062 
0063 
0064 

8866 
0067 

8869 
88TÎ 
0072 
0073 
0075 

100 

200 

c 

101 

203 

DEFINE FILE 13C598004tL«MM) 
COMMON LIO 
DIMENSION TRACEC2001) 
REAOC5.100) VOTHtVM . . , . 
FORMAT(2F8#2> 
TWTB*2*K0TH/VH 
WRIT6C6.200) WDTH.VW.TUTB 
FORMAT(••DEPTH IN M*.F8.2//® VELOCITY 

1EL TIRE TO BOTTOM CNSV.FS^) 
ALPHA^IS^COEFFICIENT TRANSFORMING CR INT 

CMSCA*ALPHA*}. 
 lOUSCALEtTAU 

IN M/ MS • *F 8* 2 • • »TH 0 VA Y TRAV 

INTO INCHES V:. -',1^ ••• 

REA0C5 
FORMAT 
NRITE< .tejfi  
F0RMAI(7»SCALE IN TIME: CM/lOpMS'.FlO.Z." 
1HIGHEST RECORDABLE FREQUENCYll/TAO* .F6«2> 
XXNN*TWTB*50 

>CALE*TAU 
• 2tf 1/2 OF SAMPLING.INTERVAL 

300 
611 

204 

21 

20 

205 

301 

711 

1 

11 

h 6 
10 

201 

NNsXXNN/TAU 

AXE _ _   
DELT A*l«/AXETPS 

IEp&it*fc2lE/lQ0' 

îftt SHIH;:}:î!ï«,«O 
CALL PL0T(l.9l*t-3) 
CALL PLOT(0.tl2.f2> 

HAY tRAVEL TIME CRS)t"24»^Q.#0* .XXNN.DELTA} 

CALL PLOTCO 
DO 10 Il*lf 
READ(13‘‘ 
DO 611 

_ „ #2> 
•Ilî(TRACE(L).L*1.2001> 
J*1.200 

HRITEC6. 300XTRACECL*NRM>.L*1910> 

FORMAT(1X.10(E10«4.2X)> 
CONTINUE 
NN1«NUM(TRACE.NN) 
HRlTEC6]206>IItNN1. 
FORMAT(•••#31103 

PLOTCAXETPS.0*.-3> 

»LID 

c,Lt 

00 20 I*LID.2001,2 

IF<VA«UL™l.f-lLoR.TRACECI>.EQ.O.>GO TO 20 
TRACE(i)«UR/CTRACEa)*»L0610CTAR)»*0.5 
CONTINUE _ _     
IF<ABSCTRACECI)>.LE.TNAX> GO TO 20 .,x.^ „ 

ZoNfÏNuiaRACE“5> •- w 

FORSAÎ t ^LZT^^ÇRÂ CE* .15//. • -TNAX«* »E10.4> 
YO*CII-l>n.5*1.0 

^ïl«l20N^T8RmN*.F8.2>   
CALL PLOTC0..Y0.3) . .  . 
00 711 j«1.200 
NNM10*(J«1) 
NRITÎ<6^300>CTRACECL*NNN>.L*1«10>.   
IFCII.LE.3) GO TO 11 1 \..'..'V‘-'L 
00 1 I»NNl.2001,2 , '.''.V'.:;. 
X*CI-NN1»*AXETPS*TAU 
V*TRACECl>*YO 

::-:~ 

GÔLT0
,,30TU,f^,3, 

CONTINUE .-   
DO 2 I*NN1.2001.2.. 

CALL PL0TCX.Y.2)   

FORMATS ^ND^F PLOT*,15) 

HILL^PLITCM.O.O.O.OOOJ 

F0R5A$(1-END OF EXECUTION* > 
6BÛP 

' ■?< 

C •*. -ti*Z 


