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Introduction 

The Transantarctic Mountains (TAM) mark the geo- 
graphic boundary between East and West Antarctica 
(Figure 1), however, the geological boundary is now 
interpreted, on geophysical grounds (Tinto 2019), to 
be located within the Ross embayment (Ross Ice 
Shelf-Ross Sea region) (Figure 1). The geological 
boundary is a fundamental feature of Antarctic 
geology, separating thin extended crust of West Ant- 
arctica, which consists principally of Lower Palaeozoic 
to Upper Mesozoic orogenic belts, from the Neopro- 
terozoic to Lower Ordovician Ross orogenic belt and 
its hinterland of the East Antarctic craton. The crust 
on the TAM side of the geological boundary is thinned, 
like that under the eastern Ross Ice Shelf, but its thick- 
ness increases rapidly under the TAM to normal crus- 
tal values. This lithospheric boundary was established 
in the Neoproterozoic (Dalziel 1997) and was a critical 
feature during the break-up of Gondwana in the Early 
Jurassic (e.g. Dalziel and Lawver 2001), when the 
Gondwana active margin belts alongside the East Ant- 
arctic craton were dismembered and re-arranged. By 
about 100 Ma the various continental blocks of West 
Antarctica were in their current relative positions 
(Grunow et al. 1987, 1991). Extension in the Ross Sea 
sector was initiated in late Cretaceous time (Siddoway 

 
et al. 2004, Siddoway 2008) and continued during the 
Cenozoic along with uplift and denudation of the 
Transantarctic Mountains (e.g. Fitzgerald 2002). The 
near synchroneity of the initiation of uplift along the 
length of the TAM implies that extension of the East 
Antarctic cratonic rocks and the bounding Ross Oro- 
genic belt, now within the Ross embayment, must 
mainly, if not entirely, predate TAM uplift and have 
occurred in Late Cretaceous to Early Eocene time. 

The TAM was recognised to be the result of major 
faulting by David and Priestley (1914) who described 
it as a horst but the first direct stratigraphic evidence 
of displacement came with discovery of Permian Bea- 
con strata at Cape Surprise (Figure 2) (Barrett 1965). 
Offset of the strata was estimated to be as much as 
4 km. The only other stratigraphic evidence comes 
from probable Devonian strata recovered in an 
offshore drill core at Cape Roberts, southern Victoria 
Land (Figure 1), which suggests about 3 km of offset 
(Cape Roberts Science Team 2000). The various expla- 
nations for the juxtaposition of the uplifted TAM and 
the extended West Antarctic Rift System (WARS) are 
based on geological, seismic and gravity studies. Many 
authors link uplift and extension directly (e.g. Fitzger- 
ald 1992; van Wijk et al. 2008, and references therein); 
others suggest strike-slip faulting rather than normal 
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Figure 1. Location map for Antarctica. Red line is the 
approximate boundary between East and West Antarctic 
crust (Tinto 2019). 

 
 
 

faulting (e.g. ten Brink et al. 1997). An alternate pro- 
posal is that flexural uplift accompanied by glacial ero- 
sion under polar conditions, in which the absence of 
freeze–thaw mechanisms leads to very slow rates of 
erosion compared with lower elevations at warmer 
temperatures and with ice at the pressure melting 
point, accounts for the high elevation of the TAM 
(Stern et al. 2005). Crustal thickness contrasts between 
the TAM and WARS together with numerical model- 
ling and geological constraints have been interpreted 
to suggest the TAM is a marginal remnant of a Meso- 
zoic-age continental plateau formerly located in West 
Antarctica (e.g. Bialas et al. 2007). Strain partitioning 
across the TAM and WARS, with detachments rooted 
in the mantle, has been suggested as a mechanism to 
explain the uplift (Fitzgerald and Baldwin 1997). A 
consensus is developing that flexural uplift and ther- 
mal buoyancy are significant factors in the formation 
of the TAM (e.g. Shen et al. 2018; Emry et al. 2020). 
Lastly, Granot and Dyment (2018) suggest the chan- 
ging kinematic regimes of the TAM uplift along its 

length is related to the Neogene history of the merging 
of East and West Antarctica as a single plate. 

The importance of the uplift history of the TAM to 
the climate and glacial history of Antarctica (Barrett 
1996) spurred apatite fission track and (U-Th)/He 
thermochronological studies of the Lower Palaeozoic 
granitoids of the Ross Orogen. The investigations 
between southern Victoria Land and Scott Glacier 
(Gleadow and Fitzgerald 1987; Fitzgerald 1994; Fitz- 
gerald and Stump 1997; Fitzgerald et al. 2006; Guo 
et al. 2021; He et al. 2021) are the most relevant to 
the region of interest, which is the Shackleton Glacier 
area (Miller et al. 2010). They demonstrated the Cen- 
ozoic age of major uplift/denudation, and the location 
and pattern of faults offsetting basement rocks. 
Although the onset of uplift began at about 55 Ma in 
southern Victoria Land, elsewhere it was somewhat 
younger and in the Shackleton Glacier region it 
began at about 40 Ma. In the Queen Alexandra 
Range, about 160 km northwest of the Shackleton Gla- 
cier, (U-Th)/He thermochronology suggests onset of 
the most rapid uplift and denudation occurred there 
at about 35 Ma (He et al. 2021). 

The aim of this paper on the geology of the Shackle- 
ton Glacier region, which was prompted by submission 
of maps for the SCAR (Scientific Committee on Antarc- 
tic Research) digital geological map of Antarctica (Cox 
and Smith Lyttle 2022), is to evaluate the major struc- 
tures displacing the Gondwana succession in the hin- 
terland of the TAM escarpment and their relationship 
to the inferred frontal fault system. In addition, the 
relationship of the glacigenic Sirius Group beds to the 
structural evolution of the Shackleton Glacier region 
is re-examined and aspects of palaeotopography noted. 

 

Regional geology 

The geology of the central Transantarctic Mountains is 
relatively simple: pre-Devonian basement rocks are 
overlain by undeformed Devonian to Lower Jurassic 
Gondwana strata (Beacon Supergroup and Ferrar 
Group of Antarctica) and Cenozoic glacial deposits 
(Figure 2). The basement comprises low-grade metase- 
dimentary and metaigneous rocks intruded by Neopro- 
terozoic to Ordovician granitoids (Goodge 2020). 
Erosion of the basement rocks formed the Kukri Erosion 
Surface (Isbell 1999) on which the Gondwanasuccession 
accumulated (Figure 3) (Barrett 1991; Elliot 2013). 
Quartzose sandstones (Alexandra Formation) form 
scattered thin successions of strata assigned a Devonian 
age, which is based on lithologic correlation with beds in 
southern Victoria Land (Bradshaw 2013). Permian gla- 
cial strata (Pagoda Formation) overlie a younger erosion 
surface, the Maya Erosion Surface, which truncates all 
older rocks. Pagoda strata are succeeded by post-glacial 
shales (Mackellar Formation), deltaic sandstones of the 
Fairchild Formation and then the coal-bearing Buckley 
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Figure 2. Geological sketch map of the central Transantarctic Mountains. Lower Jurassic Ferrar Dolerite sills are co-extensive with 
Permian and Triassic strata. The ‘*’ indicates locations of Devonian strata too small to illustrate at the map scale. Illustrated faults 
and monoclines are from Barrett et al. (1970), Barrett and Elliot (1973), Elliot et al. (1974), Elliot et al. (2017), Elliot and Collinson 
(2022), Fitzgerald (1994). Note that the orientation is approximately the reverse of Figure 1. 

 
 

Formation. Triassic strata (Fremouw and Falla for- 
mations) are also non-marine but only locally coal- 
bearing. The Permian and Triassic strata (Collinson 
et al. 1994) accumulated predominantly in a foreland 
basin and are followed by the Lower Jurassic Hanson 
Formation, which is a mixed sedimentary-volcanic 
succession deposited in a rift setting (Elliot et al. 
2017), and then by the Kirkpatrick Basalt, which con- 
sists of phreatomagmatic deposits overlain by flood 

 
basalts (Elliot et al. 2021). Correlative basaltic intru- 
sive rocks, thick sills and minor dikes, constitute the 
Ferrar Dolerite (Elliot and Fleming 2021). Denuda- 
tion of the Gondwana sequence in post-Early Jurassic 
time created an extensively eroded landscape on 
which glacigenic deposits accumulated in mid Ceno- 
zoic to recent time (Mayewski and Goldthwait 1985; 
Prentice et al. 1986; Hambrey et al. 2003; Balter-Ken- 
nedy et al. 2020). 
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Figure 3. Simplified stratigraphic column for the central 
Transantarctic Mountains. Coates (1985) records a thickness 
of about 80 m for the Alexandra Formation at Sullivan 
Ridge, Ramsey Glacier. For the Shackleton Glacier region, 
LaPrade (1969) gives thicknesses of >60 m for the Pagoda For- 
mation, 117 m for the Mackellar Formation, 200 m for the Fair- 
child Formation, and 467 m for the Buckley Formation. The 
Buckley Formation thickness of 750 m on this figure is appro- 
priate for the central part of the Permian-Triassic basin. Given 
the limitations of estimating stratigraphic thicknesses from the 
interpretation of aerial photographs, USGS topographic 
sheets, and REMA elevations, the thickness of the Buckley For- 
mation in the Ramsey Glacier region nevertheless appears to 
be substantially less than 467 m. If that proves to be the 
case, it suggests depositional thinning towards the margin 
of the Permian-Triassic basin. 

 

Previous studies in the Shackleton Glacier 
region 

Beacon strata at Cape Surprise (Barrett 1965) demon- 
strate the most significant and exposed stratigraphic 
offset directly related to the major dislocation along 
the front of the TAM. At about the same time, results 
of studies in the Shackleton Glacier region indicated 
stratigraphic offsets in Beacon rocks in the hinterland 
of the mountain front (LaPrade 1969; McGregor and 

Wade 1969). These offsets were interpreted to docu- 
ment several major faults, including a horst, approxi- 
mately parallel to the front. 

The most significant advance since then in under- 
standing the geological evolution has been a detailed 
analysis of faults (observed and interpreted) in the 
basement rocks east of the lower Shackleton Glacier 
(Miller et al. 2001) and the application of apatite ther- 
mochronology to the granitoids between Mount Mun- 
son and Cape Surprise (Miller et al. 2010). The former 
suggested an early phase of extension, orthogonal to 
the mountain front, followed by an episode of dextral 
transtension. The thermochronological studies estab- 
lished the timing of uplift/denudation and demon- 
strated that several major faults must separate those 
two localities. The onset was interpreted to be some- 
what younger than in other parts of the TAM and 
most probably started at about 40 Ma and continued 
to about 27 Ma. The switch in stress field orientation 
was interpreted to have occurred at about 30 Ma. Fis- 
sion track ages, as young as 19 Ma in the Beardmore 
Glacier region (Fitzgerald 1994), suggest uplift in the 
Shackleton Glacier region may have continued well 
into the Miocene. 

On a much larger scale, structure contours on the 
Beacon/basement contact, from the Queen Elizabeth 
Range to the Shackleton Glacier region, showed that 
the Upper Permian and Triassic part of the Gondwana 
succession occupies a broad shallow trough, inter- 
preted as a foreland basin, approximately parallel to 
the mountain range (Barrett et al. 1970; Barrett and 
Elliot 1973; Lindsay et al. 1973; Elliot et al. 1974; Col- 
linson et al. 1994). The trough form was assumed to be 
the result of the uplift of the mountain front, but since 
the strata suggest thinning towards the basin margins, 
at least some was probably related to the structural 
evolution of the foreland basin. 

Glacigenic deposits of uncertain Cenozoic age, but 
older than moraines clearly related to current glacial 
drainage, were first noted by McGregor (1965) and 
recognised regionally by Mayewski (1975; Mayewski 
and Goldthwait 1985) who assigned them to the Sirius 
Group. Subsequently, they were examined by Ham- 
brey et al. (2003) who interpreted them as the result 
of deposition from temperate or polythermal glaciers 
under much warmer conditions than exist today. 
They established two stratigraphic units, an older 
Shackleton Glacier Formation and a disconformably 
overlying unit, the Bennett Platform Formation. 
They are restricted to the upper reaches of the Shack- 
leton Glacier. A third older lithified unit was inferred 
from clasts found in those two formations and modern 
moraines. Silicified wood in this third unit suggests 
erosion of Beacon strata, in which Triassic silicified 
wood is fairly common (Barrett 1991; Taylor et al. 
1991; Ryberg and Taylor 2007), rather than a Cenozoic 
age for the vegetation. The lithified sandy diamictite 
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clasts could have been derived from the Permian 
Pagoda Formation, suggesting this third unit was 
eroded directly from bedrock or reworked from 
post-Gondwana coarse-grained fluvial beds. The Sir- 
ius Group strata are now assigned an age of Miocene 
or older (pre-14 Ma; Lewis et al. 2008; Barrett 2013; 
Balter-Kennedy et al. 2020) 

 
Constraints on geological maps 

Assessment of the geology is constrained by a variety of 
factors, which include the limits imposed by the avail- 
able topographic base, the difficulty of matching geo- 
logical information to the REMA (Reference 
Elevation Model of Antarctica or REMA, Polar Geos- 
patial Center or PGC, University of Minnesota; 
pgc.umn.edu; Howat et al. 2019) satellite-derived topo- 
graphy, and the level of geological detail given the lack 
of systematic mapping in this region. The available 
topographic maps are the USGS 1:250,000 quadran- 
gles, which were compiled from occupied survey 
stations and intersected spot heights together with Tri- 
metrogon photography (simultaneous overlapping 
vertical and oblique photos). The contour interval for 
these maps is 200 m and the areas of rock exposure 
are delineated. The REMA topography, for which con- 
tour intervals as little as 10 m can be superimposed, is 
for the greatest part excellent. However, linking the 
Trimetrogon photographic imagery to the REMA 
topography can be difficult when it comes to establish- 
ing elevations of important stratigraphical horizons. It 
should be noted that there appear to be small-scale dis- 
crepancies between the USGS and REMA topographic 
elevations, with differences of 200 m or more for a few 
clearly identified features (e.g. summits). 

For the Gondwana succession, stratigraphic sec- 
tions are available for a number of localities, and extra- 
polation to adjacent outcrops is possible. Fortunately, 
the stratigraphic column has a number of well-defined 
contacts which show up well on photography, specifi- 
cally the basement/Beacon contact (the Kukri/Maya 
Erosion Surface), and the abrupt change in lithology 
at the Mackellar/Fairchild and Buckley/Fremouw for- 
mational contacts (both marked by an abrupt change 
from shale-dominated strata to sandstones). Dolerite 
sills are widespread, particularly in the Permian part 
of the section, however, sills may change thickness, 
change stratigraphic position, and individually are 
not necessarily extant across the whole region. This 
makes estimates, for instance, of the sub-ice elevation 
of the Kukri/Maya Erosion Surface unreliable. 

In general, elevations of a few stratigraphic contacts 
can be established to about ±25 m, and several can be 
assessed to ±100 m (estimated from REMA data). 
Thus, local stratigraphic offsets can be inferred at a 
number of places. Three stratigraphic offsets, however, 
involve  hundreds  of  metres  of  displacement. 

Superimposed on these limitations is the low regional 
dip (≤6°) inland from the TAM frontal escarpment. 
The low dip can be calculated approximately from 
REMA elevations in a few places, but the low dip 
meant that during stratigraphic studies, attitude infor- 
mation was a minor issue. Higher dips have been 
measured in a few places (see Structure section). 

 
Structure 

Beacon strata have a low to very low dip away from the 
TAM front. Actual field measurements are few: 
LaPrade (1969) recorded dips of <6° at Mount Heekin, 
Cumulus Hills, and Lockhart Ridge (Figures S4 & S5), 
and higher dips at Mount Butters (Figure S2) and on 
the north side of Yeats Glacier (Figure S5) (16° and 
54° respectively). A similar dip of 16° to the south- 
southwest was measured at Mount Butters (Figure 
S2) on the Pagoda and Mackellar formations, a dip 
of 3° to the southwest was determined on Fremouw 
strata in the ‘fault block’ at Mount Rosenwald (Figure 
S4), and about 6° at Mount Black (Figure S4) also on 
Fremouw strata. The Fremouw and Falla beds at 
‘Alfie’s Elbow’ (unofficial name) southeast of Schroe- 
der Hill (Figure S7) have a low dip to the southwest 
(Elliot and Collinson 2022). Interpretation of geologi- 
cal maps, based on field observations, airphotos and 
REMA data, suggest a 2–3° southerly dip on the con- 
tact between Alexandra Formation sandstones and 
Pagoda Formation beds at Sullivan Ridge, on a dolerite 
sill south of Reid Spur, both adjacent to Ramsey Gla- 
cier (Figure S1), and a 5–6° dip to the southwest on the 
Kukri/Maya Erosion Surface between northern Mount 
Wade and outcrops ∼5 km to the south-southwest 
(Figure S3). 

The inferred and observed faults together with esti- 
mated elevations of Buckley-Fremouw formation con- 
tacts are presented in Figure 4. Faults were observed in 
outcrop between Collinson Ridge and Gillespie Gla- 
cier (Figure S5), and at Layman Peak (Figure S1); 
orientations at the former are approximately north- 
northwest to south-southeast, and at the latter north- 
east-southwest. Interpretations of the stratigraphy 
from USGS/PGC aerial photographs suggest faults 
trending approximately east–west at Sullivan Ridge 
and Reid Spur, north–south on the east flank of Reid 
Spur (all on Figure S1), and north-northeast to 
south-southwest at Mount Boyd (Figure S2). Faults, 
oriented at about 125°, with displacements of a few 
hundred metres are present on Roberts Massif (Figure 
S7) (LaPrade 1969), and a somewhat greater displace- 
ment separates Everett Nunatak from Roberts Massif 
(Elliot and Collinson 2022). Balter-Kennedy et al. 
(2020) report an offset of 300–340 m for the fault 
just north of Misery Peak, which trends east-southeast 
and forms an escarpment visible across the whole of 
Roberts Massif. Everett Nunatak and the two fault 
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blocks to the south at Roberts Massif (Figure S7) have 
estimated low dips (<4°) to the south-southwest based 
on a combination of the geological map and REMA 
data. The same data combination suggests a number 

of faults with offsets of more than 200 m occur in 
the Ramsey Glacier region (Figure S1). The displace- 
ment of the Kukri/Maya Erosion Surface on either 
side of the lower Shackleton Glacier suggests 300– 
400 m of offset down to west (Miller et al. 2010). Of 

particular significance is the estimated 750 m displace- 
ment of Fremouw strata at Mount Rosenwald (in situ 
top of the lower member of the Fremouw Formation 
at about 2750 m, and the base of the down-dropped 

middle Fremouw member at about 2000 m (Collinson 
and Elliot, sections JE and 86 respectively), and an 
850 m offset on the Permian/Triassic boundary 

between Mount Black and Kitching Ridge (Figure S4). 
As noted by Miller et al. (2010), south of Mount 
Hall (Figure S3) (USGS Shackleton Glacier topo- 
graphic map and on airphoto USGS/PGC TMA 

2192, 33R 0079), a surface (approximately 2×5 km) 
is inclined towards the TAM. This may represent the 
Kukri/Maya Erosion Surface dipping towards the 
mountain front. Assuming this is correct and using 

REMA-derived elevations, then with an estimated 3° 
dip to the south-southwest, the erosion surface pro- 

jects about 400 m below the elevation of the Beacon/ 
basement contact at the escarpment front. A major 
north-northeast facing fault should therefore lie 

inboard of Mount Hall. A strong geomorphological 
fabric with similar orientation and most probably 
related to faulting is evident in the topography and 

the trends of glaciers outboard, but not inboard, of 
the Transantarctic Mountains escarpment between 
Mount Hall and lower Shackleton Glacier (Figure 4). 

 
Interpretation 

The age of faulting outboard of the TAM escarpment 
is well constrained by the offset of fission-track iso- 
chrons to late Eocene through to late Oligocene time 
(40–27 Ma) (Miller et al. 2010). Inboard of the escarp- 
ment offsets measured in hundreds of metres could be 
assigned a similar age but the orientations of most of 
them makes this uncertain. Some of the lesser offsets 
could well date from the late Cretaceous or early Cen- 
ozoic on the initial slow uplift/denudation inferred 
from thermochronological data for the Scott Glacier 
region (Fitzgerald and Stump 1997) and also inferred 
from secondary mineralisation in the Kirkpatrick 
Basalt (Fleming et al. 1999) and the Buckley For- 
mation at Rougier Hill (Elliot et al. 2004). 

The result of rapid uplift/denudation is documen- 
ted between Mount Munson and Cape Surprise by 
major faults, which are parallel or sub-parallel to the 
major bounding fault marking the crustal thickness 
boundary separating East and West Antarctica and, 

in this region, inferred to trend northwest-southeast 
along the coast (Miller et al. 2010). Given the general 
pattern of faulting associated with rift margins, in 
which faults in the frontal fault system may be 
accompanied by extension in the hinterland, three 
faults with appropriate orientations have been ident- 
ified in the Roberts Massif region (LaPrade 1969; Elliot 
and Collinson 2022). These three near-parallel faults 
(Figure S7) define blocks that have been tilted about 
3–4° to the south-southwest. These are the only faults 
in the TAM hinterland that are parallel to the frontal 
fault system. They could be interpreted as the surface 
expression of listric faults that merge at depth into a 
detachment surface related to the development of 
the East Antarctic-West Antarctic lithospheric bound- 
ary and/or the frontal fault system. It should be noted 
that this suggested detachment surface would root to 
the north east as opposed to the westward rooting of 
detachment faults proposed by Fitzgerald and Baldwin 
(1997) to explain the uplift of the TAM. 

Previously LaPrade (1969) and McGregor and 
Wade (1969) suggested the offset at Mount Rosenwald 
is another range-parallel fault, with a displacement of 
<150 m, and they indicated its extension in the north- 
ern Cumulus Hills adjacent to McGregor Glacier 
(Figure 4; see also Figures S4, S5). No fault, however, 
has been identified in the Cumulus Hills with offset 
comparable to the ∼750 m of displacement of Beacon 
strata estimated at Mount Rosenwald (Figure 5). This 
estimate is based on a section of the Fremouw For- 
mation, which includes about 30 m of the upper mem- 
ber (Collinson and Elliot 1984, section 86), measured 
in the down-dropped block and a section of the 
lower member of the Fremouw Formation measured 
on the northeast face of Mt. Rosenwald (Collinson 
and Elliot 1984, section JE) above the saddle. Given 
the lack of evidence for major displacement along 
the proposed trend of the fault, it is suggested here 
that the down-dropped block of Triassic strata at Mt 
Rosenwald is part of a major landslide, which is com- 
parable to landslides identified in the Queen Alexan- 
dra Range (Elliot 2021). The down-dropped 
Fremouw Formation section (Collinson and Elliot 
1984, section 86) lies adjacent to outcrops with dips 
up to 20° and southeast of prominent ridges with Fre- 
mouw beds having different attitudes (from aerial 
observation, LaPrade [1969] inferred a local dip of 
about 16°). The timing of this inferred landslide is pro- 
blematic. Given its position on the modern terrain, 
where it is adjacent to, but not abutting, the flanks 
of Mount Rosenwald, and the known very slow rate 
of denudation under a polar climate (<<5 cm/m.y. 
Balter-Kennedy et al. 2020; 1–6 cm/m.y. Dry Valleys, 
southern Victoria Land, Dickinson et al. 2012), it is 
inferred to date from either late in the time of 
warm-based glaciation that terminated at about 
14 Ma or early in the time of cold-based glaciation. 
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Figure 4. Faults identified in the Shackleton Glacier region. Estimated elevations (uncertainties of 50–100 m) of the Permian-Trias- 
sic boundary (Buckley-Fremouw formational contact) locations are in red. Only the major offsets between Mount Munson and 
Cape Surprise documented by Miller et al. (2010) are illustrated here. Contours, from Gerrish et al. (2020), are in metres, and 
are not precisely positioned elevations. The satellite-derived base image provided by the Polar Geospatial Center. 

 

To account for basement granite exposed at Cas- 
cade Bluff adjacent to Mincey Glacier (Figure 4, Figure 
S2), LaPrade (1969) proposed a range-parallel horst 
between Mount Butters and Mount Heekin. The 
north bounding fault was projected to cut Permian 
strata north of Yeats Glacier but no stratigraphic 
offset of appropriate magnitude is evident on USGS 
aerial photographs. The south bounding fault was pro- 
jected to pass through a fault zone identified at Lock- 
hart Ridge (LaPrade 1969) and to cut through Permian 
strata near Mount Finley (Figure S2) and Permian- 
Triassic strata at Jones Peak (Figure S6), but again 
no detectable and significant faults are evident on 
USGS aerial photographs. Given the known relief of 
the Kukri and Maya erosion surfaces, which is as 

much as 700 m (Isbell 1999), it is here suggested that 
the occurrence of granite at Cascade Bluff is the result 
of palaeotopography on the combined erosion surface, 
relief which needs to have been no more than 200– 
300 m. In the central TAM (Figure 2), the Pagoda For- 
mation at Mount Munson just north of Mount Wade 
(Figure S3) (Ives and Isbell 2021) is only a few metres 
thick and overlies basement granite, is absent at 
Mount Bowers 100 km to the west (Figure 2) (Elliot 
et al. 2014), and near Clarkson Peak 200 km to the 
northwest (Figure 2) is only a veneer on Devonian 
sandstones (Elliot and Isbell 2021). 

A 6° southwest dip of the Beacon strata at the 
northwestern end of the Mount Heekin massif 
(LaPrade 1969) implies a down to the northeast fault 
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Figure 5. Aerial photograph, view to the west, to illustrate the proposed faults at Mount Rosenwald and in the Mount Black-Mata- 
dor Mountain region. White arrows point to the estimated locations of the contact between the lower and middle members of the 
Fremouw Formation at Mount Rosenwald, indicating ∼750 m of offset. The Permian/Triassic boundary is indicated by P/Tr. 
Approximate locations (white circles) of Sirius Group deposits (Bennett Platform Formation) southeast of Matador Mountain 
from Hambrey et al. (2003); it is possible that Sirius strata are widespread beneath the veneer of surficial debris, rather than 
banked against bedrock. The outcrops behind the white circles are 50–100 m high, based on REMA data. Given this is an oblique 
photograph, the horizontal scale applies only at its location on the figure. The geology is illustrated on Figure S4. Elevations in 
italics estimated from REMA data; others from USGS Liv Glacier topographic sheet. Photograph enlarged from PGC/USGS photo 
TMA 2189 R33 030. 

 
between Mount Heekin and Mount Rosenwald, which 
would have had approximately 1000 m of offset (3° dip 
would give a 500 m offset) if located adjacent to 
Mount Rosenwald. Although this would be consistent 
with LaPrade’s (1969) view that the displacement at 
Mount Rosenwald is due to faulting, a landslide origin, 
as advocated earlier, is the preferred interpretation. 
This interpretation does not exclude faults between 
mounts Heekin and Rosenwald. 

The Permian/Triassic boundary is exposed at 
Mount Black at a REMA-estimated elevation of 
about 2400 m and at Kitching Ridge at a REMA-esti- 
mated elevation of 1550 m, an 850 m elevation differ- 
ence (Figures 4 and 5, Figure S4) (Collinson and Elliot 
1984, sections JA and 90). Buckley Formation beds 
intruded by dolerite sills form the lower slopes of 
Mount Black and all the bedrock geology of Bennett 
Platform. At Kitching Ridge, the section consists of a 
thin interval of Buckley beds overlain by the lower 
member of the Fremouw Formation. The section is 
surrounded by dolerite, but even allowing for conse- 
quent uncertainties, it must have been dropped rela- 
tive to Bennett Platform. Buckley Formation beds 
are present up to about 1850 m elevation at Matador 
Mountain and therefore a fault, down to the south- 
west, must isolate Kitching Ridge in a small graben. 

A major fault, down to the northeast, must lie between 
Bennett Platform and Kitching Ridge. The fault can- 
not be oriented parallel to the frontal fault because 
the stratigraphy both to the west-northwest (in par- 
ticular) and east-southeast along a range-parallel 
trend shows no comparable displacement, if any. An 
escarpment aligned northwest-southeast, which 
heads northwestwards towards Mount Rosenwald, is 
oriented parallel to the northeast-facing front of Ben- 
nett Platform and is interpreted to mark the trend of 
the fault. The fault trend to the southeast would pass 
just to the northeast of Roberts Massif, and to the 
northwest it would cut through the Bush Mountains 
near Mount Boyd where a number of faults have 
been identified, but none with such a large offset 
(Figure S2). 

The Permian-Triassic boundary at Collinson Ridge 
(Figure S5), directly east of Kitching Ridge, is located 
at a REMA-elevation of 1900 m, which gives a similar 
offset (ca. 350 m, down to the west beneath the Shack- 
leton Glacier) to that determined for displacement 
(300–400 m) of the Kukri/Maya Erosion Surface 
across Shackleton Glacier between Mount Wade and 
Mount Butters. To the south, along the trend of this 
inferred fault, a reliable estimate of offset is not poss- 
ible because of the lack of detailed stratigraphic data 
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and/or a key horizon. Fremouw strata are present at 
Dismal Buttress (Figure S7) up to an elevation of 
about 2200 m, but there are no overlying massive 
sandstone cliffs similar to the basal Falla beds at Mis- 
ery Peak 8 km to the southeast across Shackleton Gla- 
cier at an elevation of about 2350 m. However, at Half 
Century Nunatak about 10 km to the north at a REMA 
estimated elevation of about 2300 m (c.f. about 
2600 m on the Liv Glacier topographic map) a succes- 
sion of pale-coloured resistant sandstone ledges, 
which resemble Falla strata cropping out south of 
Schroeder Hill (Elliot and Collinson 2022), is inter- 
preted to belong to that formation. Falla strata are 
not present at Mount Black, which has an elevation 
of 3000 m, and if correctly identified at Half Century 
Nunatak, the Fremouw-Falla contact will have a low 
southerly dip (≥3°). This implies a down to the 
north fault between Half Century Nunatak and Dismal 
Buttress, which is supported by a sliver of Falla strata, 
at a REMA estimated elevation of 2200 m, identified 
along the Shackleton Glacier valley wall north of Dis- 
mal Buttress (Figure S7). 

In addition to the offsets recorded by the Buckley/ 
Fremouw contact just described, significant displace- 
ments are also inferred in the Ramsey Glacier region 
(Figure 4, Figure S1). At the southern end of Sullivan 
Ridge, based on airphoto interpretation of the distri- 
bution of the Fairchild Formation, a fault with a 
throw of about 700 m, down to the south, must be pre- 
sent. At the northern end of Reid Spur, a fault with a 
throw of about 500 m must separate basement meta- 
morphic rocks to the north from Permian strata to 
the south. Five other faults with lesser offsets are 
also inferred in that region. 

Matador Mountain, with a summit elevation 
(REMA) of about 1900 m and comprising Permian 
Buckley beds and Ferrar dolerite sills, is approximately 
the same elevation as the Buckley-Fremouw contact at 
Collinson Ridge, which would suggest little 
offset along the Shackleton Glacier fault and that the 

fault dies out southwards. In this case, the Kitching 
Ridge block is offset from Collinson Ridge by the gra- 
ben faults, not the fault along the Shackleton Glacier. 

Small faults were observed in the field at Layman 
Peak (Figure S1) and Collinson Ridge (Figure S5), as 
already noted. From examination of aerial photo- 

graphs, small displacement faults were also identified 
at Mount Boyd and in the Ramsey Glacier region. 

Those at Mount Boyd trend in the northeast-south- 
west quadrant, but in the Ramsey Glacier region can 
only be interpreted as approximately north–south or 
east–west. Without detailed structural studies, no 

relationship to the frontal fault system can be inferred 
such as has been described for the Cape Surprise area 

(Miller et al. 2001). Faults with small displacements 
(<10 m) are widespread, as also noted by Hambrey 
et al. (2003), and some displace Sirius strata. 

In a more regional context, 200 km to the southeast 
in the Scott Glacier region (Figure 1), Katz (1982), on 
the basis of field data and close examination of aerial 
photographs, documented a small set of faults parallel 
to the frontal fault system, and a subsidiary set of con- 
jugate faults oriented at about 45° to the front. Later, 
Fitzgerald and Stump (1997) also identified faults 
oriented at an angle to the frontal fault system but 
based on fission track data. A similar distance west- 
wards in the upper Beardmore Glacier region (Figure 
2) a small graben and a northeast facing monocline are 
approximately parallel to the frontal fault system. A 
normal fault down to the east offsets Triassic strata 
along the eastern part of the Dominion Range and is 
interpreted to displace glacigenic strata on the Meyer 
Desert; any late Cenozoic displacement is only a few 
metres whereas from Triassic stratigraphy and aerial 
photograph interpretation the fault has about 200 
metres of offset (McGregor 1965; Elliot et al. 1974) 
(note that McGregor’s Dominion Coal Measures at 
his Locality D and forming the upper part of his 
Locality C are now assigned to the upper member of 
the Fremouw Formation). It is oriented at about 10° 
to the frontal fault system, and approximately perpen- 
dicular to this a fault displaces Permian and Triassic 
strata at the northern end of Supporters Range (Elliot 
et al. 1974). The monocline at Mount Falla (Figure 2) 
is oriented perpendicular to the frontal fault system 
(Barrett and Elliot 1973). East of Mount Achernar 
(Figure 2), a narrow horst, exposing west-dipping 
(ca. 45°) lower Permian strata, a west-facing mono- 
cline, and a small displacement fault are all oriented 
at about 40° to the frontal fault system (Elliot et al. 
2017). A west-facing monocline is located on the wes- 
tern flank of the Queen Elizabeth Range (Figure 2) 
(Barrett et al. 1970), which suggests a graben may 
underlie Marsh Glacier. This putative graben is 
oriented at a slightly smaller angle (about 30°) to the 
frontal fault system. The other flank of this graben is 
marked by the Marsh Fault, which has several hun- 
dred metres of displacement and brings Proterozoic 
rocks to the surface. A fault of lesser displacement 
but also facing east cuts the graben east of Moody 
Nunatak (Figure 2). 

Except at Cape Surprise, few faults are parallel or 
close to parallel to the frontal fault system. Collapse 
along the frontal fault system appears not to have 
been accompanied by any significant extension in 
the hinterland, except possibly at Roberts Massif and 
the upper Beardmore Glacier region. The conjugate 
fault set approximately orthogonal to the frontal 
fault system at Cape Surprise (Miller et al. 2001) is 
replaced by a conjugate set oriented at a moderate 
angle (40–45°) in the lower Scott Glacier region 
(Katz 1982; Fitzgerald and Stump 1997). Conjugate 
fault sets are not clearly repeated, if at all, elsewhere 
in the central TAM. It should be noted that structural 
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features associated with Ferrar Dolerite dike emplace- 
ment and Gondwana break-up (Wilson 1992, 1993) 
may have imposed regional weaknesses that were 
exploited during late Mesozoic and Cenozoic tecton- 
ism. In the Queen Alexandra Range region (Wilson 
1993), those Ferrar-age conjugate faults are oriented 
approximately parallel (north-northwest to south- 
southeast) and perpendicular (northeast-southwest) 
to the frontal fault system. 

The simplest assessment of the age of significant 
faulting in the Shackleton Glacier region would be 
that all are mid-Cenozoic (ca. 40 <27 Ma) and entirely 
associated with the time of rapid development of the 
Transantarctic Mountains front, however that is pro- 
blematic. The range-parallel faults in the Roberts Mas- 
sif region most probably occurred during that time. 
Slow uplift/denudation may well have occurred during 
the Cretaceous and earlier in Cenozoic time and prob- 
ably would have been accompanied by less significant 
faulting unrelated to the later frontal fault system. 
Most faults fall into that category, and it is suggested 
that the Ramsey Glacier region faults may pre-date 
rapid uplift. Major faulting probably ceased by about 
20 Ma, when uplift slowed greatly, although minor 
faulting with lesser offsets may have continued at 
least to the end of the Miocene. Slow uplift post- 
14.5 Ma is most likely the result of isostatic rebound 
(Balter-Kennedy et al. 2020 and references therein) 
and/or glacial erosion (Stern et al. 2005; Golledge 
et al. 2014). If correct, it suggests faults with throws 
of 100 m or more are more likely to date from the ear- 
lier stages of uplift. 

 
Sirius Group 

The Sirius Group is widespread in the Transantarctic 
Mountains (Denton et al. 1991) but its age is not 
well established, not the least because strata assigned 
to the Group occur in a variety of topographic settings 
some of which are mutually incompatible for a single 
event. Sirius-like sediment occurs in southern Victoria 
Land on the shoulder of Mount Feather (Figure 1) 
about 800 m above adjacent glaciers (Wilson 2002); 
caps an isolated nunatak (Mount Sirius), south of 
the Bowden Névé (Figure 2) (Mercer 1972; Harwood 
1986); occurs at elevations of 3300 m adjacent to 
Mount Falla (Figure 2) (Prentice et al. 1986); is lodged 
in a cleft on the summit ridge of Mount Block (Gros- 
venor Mountains, Figure 2) at about 2770 m; is plas- 
tered on Fremouw strata on the south-facing wall of 
the Shackleton Glacier flank at Dismal Buttress 
(McGregor 1965) where it also overlies a dolerite sill 
(Hambrey et al. 2003); overlies modern topography 
on the east side of Otway Massif and is draped on a 
modern landform southeast of Schroeder Hill (Elliot 
and Collinson 2022); is plastered on a large glacially 
grooved pavement at Roberts Massif (Hambrey et al. 

2003); and forms a 100 + m wall facing the Shackleton 
Glacier on the east flank of Bennett Platform and also 
fills clefts in the platform surface (Hambrey et al. 
2003). The range of topographic settings suggests 
deposition of Sirius-like sediment must span a signifi- 
cant time period and is unlikely to be the result of a 
single event, as established by Hambrey et al. (2003) 
who recognised two principal lithostratigraphic units 
for the Shackleton Glacier region. The most reliable 
age estimate for the Sirius Group comes from 
southern Victoria Land where radiometric dating of 
volcanic ash established a minimum age of about 14 
Ma (Lewis et al. 2008; Barrett 2013) with the maxi- 
mum being the onset of warm-based glaciation at 
about 34 Ma. This age assignment is strengthened by 
exposure-age dating of moraines related to cold 
polar ice on Roberts Massif, which are all younger 
than 15–14 Ma (Balter-Kennedy et al. 2020). The Sir- 
ius Group was deposited during the early phase of 
warm-based Antarctic glaciation, which at about 14 
Ma switched to cold-based glaciation. In this context, 
the ‘Alfie’s Elbow’ Sirius deposit southeast of Schroe- 
der Hill, consisting of bedded sandy sediment which 
is draped on modern topography (Elliot and Collinson 
2022), is clearly an anomaly and deserves further 
investigation. 

Hambrey et al. (2003) attributed the different 
elevations of the older Shackleton Glacier Formation 
deposits to post-deposition faulting; only in the 
Roberts Massif region is the formation demonstrably 
offset and no major fault has been identified between 
there and Bennett Platform. The strata, interpreted 
as mainly lodgement till, suggested a low relief terrain 
existed at the time of deposition beneath a polyther- 
mal ice sheet. Thermochronological data show that 
rapid uplift and denudation was initiated at about 40 
Ma, however, the frontal fault system and associated 
uplift could not have caused significant faulting in 
the hinterland until after deposition of the Shackleton 
Glacier Formation. Recognising that uplift in the hin- 
terland diminished away from the Transantarctic 
Mountains escarpment and accepting a single deposi- 
tional episode, the formation must date to an early 
stage of glaciation before any significant topography 
or stratigraphic offsets had been imposed on the Per- 
mian and Triassic succession by rapid Cenozoic uplift. 
Thus, Cretaceous and/or early Cenozoic faulting in the 
hinterland could have yielded minor stratigraphic 
offsets and contributed to slightly differing deposi- 
tional elevations of the Shackleton Glacier Formation. 
The lodgement till deposits of the Shackleton Glacier 
Formation document a particular depositional 
environment; on lithostratigraphic grounds they can 
be correlated but chronostratigraphic correlation is 
not possible without reliable age determinations. 
Therefore, the varied depositional elevations could in 
part be the result of multiple advances and retreats 
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occurring simultaneously with ongoing tectonism and 
faulting. Based on the interpretation that the younger 
Bennett Platform Formation was deposited along or 
adjacent to an ancestral Shackleton Glacier (Hambrey 
et al. 2003), then the Sirius strata about 6 km southeast 
of Misery Peak and in valleys facing south probably 
belong to the Shackleton Glacier Formation, in 
which case at least 400 metres of local relief existed 
at the time of their deposition. 

The results of the Cape Roberts and ANDRILL pro- 
jects show that there were multiple ice advances and 
retreats during Oligocene and Early Miocene time in 
south Victoria Land (Cape Roberts Science Team 
2000; Fielding et al. 2011; Passchier 2012; McKay 
et al. 2016). Of more direct relevance are the two 
Lower Miocene volcanic edifices now at about 2000 
m elevation and ∼300 km distant at the head of the 
Scott Glacier (Figure 1) (Stump et al. 1980, 1990a, 
1990b). Re-examination of the two exposed volcanoes 
has shown that one (dated at ∼20 Ma) was erupted sub- 
glacially whereas the other with an age of ∼16 Ma is 
interpreted to have been erupted into a pluvial lake 
(Smellie and Panter 2021). Bedrock surface elevations 
during volcanism are constrained only so far as rapid 
uplift and denudation in the lower Scott Glacier region 
ceased by about 40 Ma although denudation must have 
continued until at least the switch to cold-based glacia- 
tion (Fitzgerald and Stump 1997). Isostatic uplift post- 
40 Ma is probable but significant uplift (a thousand 
metres or more) after about 16 Ma seems improbable. 
In the upper Shackleton Glacier region isostatic uplift 
post-14.5 Ma is estimated to be ∼350 m (Balter-Ken- 
nedy et al. 2020). If the Miocene pluvial lake environ- 
ment in the upper Scott Glacier region is correct, it 
implies a dramatically warmer climate shortly before 
the switch to cold-based glaciation and that the terrain 
would have been at an elevation only a few hundred 
metres less than that of today. 

The Gondwana succession throughout the TAM 
must have been subjected to sub-aerial erosion from 
the Middle Jurassic to the onset of slow uplift in the 
Cretaceous. In the lower Scott Glacier region (Figure 
1), denudation in the Early and Late Cretaceous uplift 
episodes amounted to less than 2 km each (Fitzgerald 
and Stump 1997) and presumably comparable denu- 
dation may have occurred in the lower Shackleton 
Glacier region. Erosion continued until the onset of 
more rapid uplift in early Cenozoic time throughout 
the TAM, and therefore the postulated low relief ter- 
rain at the inception of glaciation (about 34 Ma), as 
suggested by the Shackleton Glacier Formation, may 
have been a TAM-wide landform. At Roberts Massif 
a glacially grooved surface is exposed in the northern 
lowlands (Hambrey et al. 2003) and also on the lip of 
the upthrown side of a range-parallel fault immedi- 
ately south of ‘The Bowl’ (unofficial name) (Figure 
S7). That fault, according to the interpretation of 

Balter-Kennedy et al. (2020), predates moraines, 
which have exposure-age dates ranging from 15–14 
to 3–1 Ma. Therefore at least that glacial surface was 
demonstrably displaced by faulting. If the low-relief 
terrain existed into the Middle Miocene, it would 
imply that faulting at Roberts Massif occurred very 
late in the existence of that terrain. It also implies lim- 
ited erosion and landscape development until late in 
the existence of warm-based glaciation, which seems 
improbable. Therefore, it is suggested that the Shack- 
leton Glacier Formation belongs to an early stage of 
glaciation during early Oligocene time, whereas the 
Bennett Platform Formation was deposited during or 
after an ancestral Shackleton Glacier valley system 
had been carved in late Oligocene to mid Miocene 
time. Because the Bennett Platform Formation at Dis- 
mal Buttress (Hambrey et al. 2003) is located about 
200 m a more than the Shackleton Glacier, deposition 
there probably occurred relatively early in the carving 
of the valley system and may therefore have a late Oli- 
gocene age. The other outcrops of the formation are 
less than a hundred metres above current ice level 
and therefore probably were deposited in Early Mio- 
cene time. 

The distribution of the Bennett Platform Formation 
adjacent to and southeast of Matador Mountain is 
uncertain; it might be an extensive sheet rather than 
plastered on the flanks of a bedrock platform. Regard- 
less, at Matador Mountain (Hambrey et al. 2003) it 
lies at a REMA elevation of 1400–1500 m whereas at 
the type section (on the east flank of Bennett Platform 
about 12 km to the south) it occurs at a REMA elevation 
of 1750–1850 m (Figure 5, Figure S4) (REMA elevations 
are, respectively, 200 and 100 m lower than those 
reported by Hambrey et al. 2003). This difference in 
outcrop elevation may simply reflect deposition at 
different elevations along the ancestral Shackleton Gla- 
cier, although if the formation is a lateral deposit of the 
glacier, younger ice locally removed the valley wall and 
greatly modified the previous palaeotopography. Alter- 
natively, the elevation difference may indicate a fault 
with an estimated throw of 250 m down to the northeast 
between Matador Mountain and Bennett Platform, 
reactivating one or both of the bounding faults of the 
Kitching Ridge graben identified on the offsets of the 
Permian and Triassic bedrock (Figure 5). Reactivation 
of the fault between Bennett Platform and Kitching 
Ridge would have increased the displacement from 
about 600 to 850 m. Displacement on the other bound- 
ing fault, between Kitching Ridge and Matador Moun- 
tain, would imply a switch from down to the southwest 
to down to the northeast on a new fault. In either case, 
faulting would have occurred late in the history of 
warm-based glaciation and late in the history of 
tectonism. 

The type section of the Bennett Platform Formation 
lies along the flanks of the Shackleton Glacier, 
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Figure 6. Sirius Group deposits plastered on Fremouw For- 
mation strata at Dismal Buttress. Scattered large dolerite clasts 
are visible in the Sirius beds. The lower part of the outcrop is 
tentatively correlated with the outcrop illustrated by McGre- 
gor (1965, Figure 3), which he estimated is about 40 feet 
(12 m) high; accepting the correlation, the exposure illustrated 
here is about 120 feet (36 m) high. View towards the east. 
Photograph by the author. 

 
 

suggesting a protracted time interval followed depo- 
sition of the Shackleton Glacier Formation. During 
this interval a landscape with incised glacial valleys, 
not too dissimilar to today’s topography, was devel- 
oped (Hambrey et al. 2003). Old glacial deposits, 
first reported and illustrated by McGregor (1965), 
are perched high on the south-facing valley wall of 
the Shackleton Glacier at Dismal Buttress (Figure 6). 
The deposits, sitting about 200 m above Shackleton 
Glacier and plastered on a steep slope of Fremouw 
strata, comprise weakly bedded diamictite, containing 
dolerite and sandstone clasts, overlain by unstratified 
till (McGregor 1965, Figures 3 and 4). These Sirius 
strata represent glacial sedimentation on essentially 
modern topography but at an early stage in the carving 
of the glacial valley. From the perspective of the topo- 
graphic setting and the presence of dolerite clasts, the 
strata should be assigned to the Bennett Platform For- 
mation. However, it seems improbable that they were 
contemporaneous either with the type section of the 
Bennett Platform Formation, which is located about 
25 km to the north and up to about 100 m above ice 
level, or with the Bennett Platform Formation beds 
documented by Hambrey et al. (2003) at a higher 
elevation overlying dolerite on the northern flank of 
Dismal Buttress. 

 
 
Palaeotopography 

Brandau Glacier, west of the Ramsey Glacier, is 
remarkable for the beheading of its upper reaches by 
headwall advance of the Muck Glacier (Figure 7). 
Brandau Glacier is about 6 km wide at its upstream 
truncation where the elevation difference between 

 
Figure 7. The upper reaches of Brandau Glacier are truncated 
due to headward erosion by Muck Glacier (locations on Figure 
2). Brandau Glacier is about 6 km wide at its truncation. Arrows 
indicate direction of glacier flow. View towards the south- 
south west. Photograph enlarged from PGC/USGS photo 
TMA 781 R33 029. 

 

the two glaciers is about 500 m. The lip at that point 
is most likely to be a dolerite sill. 

Four glaciers in this part of the TAM flow inland 
from the escarpment (Figure 2; Keltie, Brandau, Min- 
cey, upper McGregor glacier) and record earlier pre- 
glacial fluvial drainage on the backside of the rising 
escarpment. Erosion and valley enlargement would 
have been enhanced on the onset of rapid uplift. At 
the same time, erosion and associated fluvial systems 
would have driven the developing escarpment inland. 
The surface east and southeast of Mount Hall, which is 
a possible outlier of the Kukri/Maya Erosion Surface, 
would be an expression of the escarpment retreat. 
The probability of drainage into the continental 
interior in the central TAM was first noted by Huerta 
(2007) who interpreted it in terms of a Mesozoic pla- 
teau in West Antarctica (Bialas et al. 2007) rather than 
Cenozoic rift-shoulder uplift of the TAM, which, here, 
is the preferred scenario. It is possible that the cirque- 
like topographic features along the southern flank of 
Roberts Massif document south-flowing ice from 
local highs during the early stages of glaciation. 

 
 
Conclusions 

Faults and inferred faults are relatively common in the 
Shackleton Glacier region and range widely in displa- 
cements and orientations. A small number have been 
identified directly in the field, but most are inferred 
from displacement of strata, made evident by mapping 
of widely separated outcrops. 

Three displacements of 700 or more metres are 
recognised. The stratigraphic displacement (∼750 m) 
of Triassic strata at Mount Rosenwald is interpreted 
to be the result of a landslide, which occurred after 
much of the present-day topography had been formed 



NEW ZEALAND JOURNAL OF GEOLOGY AND GEOPHYSICS 13 
 

and therefore must date from the Middle Miocene. 
The 850 m offset between Bennett Platform and Kitch- 
ing Ridge is interpreted as a Cenozoic tectonic fault, 
oriented at a high angle to the frontal fault system, 
and dating from Oligocene-Early Miocene time 
during rapid uplift/denudation of the TAM. The 
third ∼700 m displacement occurs in the Ramsey Gla- 
cier region where fault displacements of 200–300 m 
are common. None of these offsets is demonstrably 
parallel to the frontal fault system. The age of these 
Ramsey Glacier faults is uncertain, but may record 
an early stage (possibly pre-40 Ma) of uplift of the 
TAM in this region rather than documenting the 
rapid uplift. Range-parallel faults, with displacements 
of hundreds of metres and probably related to the 
frontal fault system, are confined to the Roberts Massif 
region. Smaller displacement faults are recognised by 
direct field observation and could have occurred at 
any time in the history of tectonism, including Late 
Miocene time or younger. 

Accurate elevations and attitude measurements of 
Gondwana strata throughout the region are required 

if assessment of the observed and inferred faults is to 
be improved. Close examination of the directly 
observed faults might yield information that would 
better establish their timing, such as determining if 
datable phyllosilicate minerals occur along fault planes. 

Sirius Group strata are older than mid-Miocene 
(>14 Ma) (Lewis et al. 2008). The Shackleton Glacier 
Formation, given the dominance of lodgement till and 

its low relief depositional environment (Hambrey 
et al. 2003), is interpreted to date from the early stages 
of warm-based glaciation (and uplift) and therefore to 
have an age of early Oligocene (34–30 Ma). It may rep- 
resent several different depositional events. The Bennett 
Platform Formation is suggested to have a late Oligo- 
cene age at Dismal Buttress, whereas at Bennett Plat- 
form and Matador Mountain an Early Miocene age. 

The Shackleton Glacier region may be the best 
place outside the Dry Valleys of southern Victoria 
Land for the investigation of the Sirius Group deposits 
and their relationships to modern topography and the 
development of the Transantarctic Mountains. 
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