











Cape Ross

Present-day fast-ice conditions at Cape Ross suggest that the dominant beach-

forming process should be ice push. However, field observations unequivocally show

that nearly every beach at Cape Ross is wave-formed. First, longshore processes are

evident in the geometry and morphology of the beach ridges. Beaches are arcuate,

continuous, parallel to the coastline, and occur between bedrock headlands. Ridges on

the north- and south-facing coasts of Cape Ross are pocket beaches, a type commonly

found in wave-dominated climates (Summerfield, 1991) (Table 3).

Table 3. Features associated with different beach-formation processes.

Ice Push

Storm waves

Fair-weather waves

Sharp-crested,

Broad or sharp-crested,

Broad or sharp-crested,

(spits, tombolos, etc...)

Beach ) . continuous, arcuate, large :
discontinuous cusps and overwash continuous, arcuate,
morphology ridge, non-arcuate P . cusps possible
possible
Moderately rounded
Poor to well- clasts, poorly to well- Well-rounded clasts,
Sedi tol rounded clasts sorted, large (boulder- well-sorted, generally
edimentology oorly sorte d, sized) clasts; in some small clasts (pebble,
poorly cases a bimodal gravel)
distribution
None or multiple storm
Stratigraphy None units; lenses possible; Lag deposits possible
fining upwards
Scour pits, Lo;g:;ci::ln ;?S:igfeﬁne Longshore transport
Misc. Features striations, melt longshore drift features features (spits, tombolos,
pits/kettles etc...)
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The raised terraces and tombolo on Cape Ross are further examples of
geomorphic features attributed to wave energy. Tombolos are created by convergence of
wave energy on the lee side of an island that is close to the mainland (Farquhar, 1967).
Once the tombolo at Cape Ross became well established and raised above sea level,
pocket beaches began to form on its flanks.

Other features indicative of wave action include channels and overwash fans.
There are several channels on Cape Ross, such as those cutting through the lowest beach
on the north side. These probably represent breaching of the beach barrier by water from
alagoon. Another channel cuts through the highest beach and leads inland to a
hummocky, fan-shaped deposit that projects into a former back-barrier lagoon. The
hummocky deposit probably is beach material from the ridge that was reworked into a
breach deposit. Farther south along the same beach, small lobes of landward-extending
beach material most likely represent washover deposits.

The sedimentology of the beach ridges also favors a wave origin. Sediments
comprising the pocket beaches fine laterally, indicating a decrease in wave energy
towards the east, where the shore was more sheltered by the bedrock cliffs. Moreover,
clasts on the beaches are moderately well rounded with average values ranging from 0.4-
0.5 (Appendix). Sand-sized sediment below the weathering horizon is clean and sorted.
Smaller grain sizes appear to be winnowed from the deposit. All of these factors suggest
that waves—not ice—formed the beaches.

All bedrock surfaces below at least eight meters elevation are smoothed and
rounded. Above eight meters, the bedrock is smooth, but pitted and more weathered than

the bedrock below. Although sea ice can abrade bedrock surfaces, this abrasion generally
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results in striations. Such striations are present farther south at Spike Cape (Hall,
personal communication) but are absent at Cape Ross. Moreover, at Cape Ross all parts
of the bedrock are smooth, even in hollows and on lee faces. Thus, I believe that the
bedrock was smoothed by sediment-laden waves instead of by sea ice.

Because of the beach geometry, morphology, and sedimentology, I conclude that
the deposits at Cape Ross are all wave-formed. At the highstand, Cape Ross would have
been a shoal, with only a ring of beach material and some bedrock exposed. As relative
sea level dropped, longshore processes formed terraces aggrading towards the mainland
as waves refracted around the shoal (Figure 44). A tombolo formed once sea level was at
a position where shallow refracting waves met on either side of the island (Cape Ross).
As sea level dropped farther, the pocket beaches formed below the tombolo in the saddle
between the plateau and the mainland.

A contact exists at > 50 cm depth in the beach deposits at Cape Ross. The
material above the contact has the same relative percentage of each clast size as the lower
unit. However, more sand and smaller grains can be found in the matrix of the upper
layer—presumably due to mechanical weathering of surface clasts and infiltration of
wind-blown particles—than can be found in the lower layer. The coarse sand matrix
below the contact is unconsolidated, clean, well-sorted, and unstained. There are not any
particles smaller than coarse sand. In contrast, the top unit is coherent and contains
poorly sorted silty sand. In addition, the clasts are stained and fractured. Therefore, I
conclude that the upper unit found in Cape Ross excavations is a weathering horizon.
Other than this weathering horizon, beaches at Cape Ross do not display any stratigraphic

units.
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Figure 46. Diagram of Cape Ross just after the highstand in the early Holocene. Wave
energy from the northeast refracts around the shoal/island and converges behind, creating
a tombolo.

The lack of stratigraphy and the large mean clast size (8.4-16.5 cm average
diameter; 99 cm diameter maximum size) (Appendix) indicates that fair-weather

processes did not form the beaches. Rather, the beaches were created during storms.

Furthermore, both the lack of stratigraphy and the morphology suggest that each beach at
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Cape Ross is a single-event deposit. One would expect to find several layers within the
pits if these were multiple-storm accumulations. In such a case, a typical layer would
most likely be in the form of a boulder lag deposit, overlain by a fining upwards
sequence. This might result from the deposition of progressively finer clasts as storm
energy wanes. Multiple storms might also produce superimposed ridges. There are no
such features at Cape Ross, and therefore the evidence favors single-storm deposits. The
small beaches that are between, and in some cases seem to be superimposed on the larger
beaches are likely to be deposits from lower-intensity storms.

A beach close to sea level in the chasm on the mainland adjacent to Cape Ross is
an exception to the hypothesis that all beaches were formed by waves. This ridge is
discontinuous and sharp in profile (Figure 47). Moreover, it is poorly sorted and
composed of the entire range of clast sizes from fine sand to boulders. These features
suggest that it was produced by ice push. Other beaches in the chasm, however, exhibit
features of the wave-forming processes, including well-rounded and well-sorted clasts
(one ridge is clast supported with no interstitial material to the depth of permafrost—
about 30 cm), and continuous crests extending the width of the chasm.

The hypothesis that most beaches at Cape Ross were wave-formed has several
implications. First, large storms must have eradicated any sea ice present along the coast
before the beaches began to form. Such large storms could erase any evidence of recent
ice-push features. Another possibility is that it was warmer than present when the
beaches formed, and sea ice around Cape Ross was less extensive than it is today, or even

non-existent.
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Figure 47. Ice-push beach ridge in the chasm on the mainland near Cape Ross. Person is
1.8 mtall. Ridge occurs at 6 m elevation. Note the sharp crest, poorly-sorted nature of
the deposit, and discontinuous character of the ridge.

Inexpressible Island

Inexpressible Island borders Terra Nova Bay, a polynya. Thus, the Terra Nova
Bay field area has an environment that is significantly different from that at Cape Ross,
or even from sites just south of the Drygalski Ice Tongue. Assuming that the bay has
been open continuously during the Holocene, one would expect all beaches in this area to
be wave-formed. In fact, the presence of only wave-formed beaches with well-rounded
clasts might suggest that the polynya has been open throughout the Holocene and is not a

recent feature.
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Both Seaview and South Bays contain beaches that were formed by waves.
Geomorphological evidence for this conclusion includes large-scale spits, log-spiral
beach forms, arcuate pocket beaches, and low, wide beach crests.

Sedimentological evidence, such as lateral grain-size variation (fining towards
protected areas) and well-to-very well-rounded clasts, also supports a wave interpretation.
The spits in South Bay both fine distally from the headlands. The northern spit consists
of five aggrading ridges that drop in elevation towards the south. Sediments on these
beaches fine landward. The southern spit is very similar. It is composed of several
beaches, most of which have clasts that fine both to the north and landwards. The ridges
on this spit also drop in elevation with increasing distance from the headland. A wide (10
m), shallow (< 0.5 m) channel cuts this spit and leads to a small overwash fan. The fact
that these spits are at different elevations and oppose each other could be due to
sheltering of fetch, which would change the direction of longshore transport. This
sheltering could result from varying sea-ice distribution and density, fluctuations in the
geometry of the Drygalski Ice Tongue, or changes in topographic geometry as relative
sea level dropped.

All evidence leads to the conclusion that waves formed every beach in both
Seaview Bay and South Bay. As is the case at Cape Ross, the average size of beach
clasts and the fact that stratigraphy is generally absent, suggest storm deposition (or re-
working). The lack of stratigraphy in most pits also implies that many of the beach
ridges formed during single storms.

In contrast, the discontinuous and commonly sharp-crested nature of the ridges in

the southern bays of Inexpressible Island (Figures 37, 38, 45) leads me to conclude that
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ice push was the dominant beach-forming process. In particular, a series of beaches in
the bay south of South Bay resembles boulder barricades in Labrador described by Rosen
(1979). Such barricades are rows of shore-parallel boulders ’that form when icebergs or
sea ice entrain sediment. These clasts subsequently drop when the ice grounds again and
melts on the shore. According to Rosen (1979, p. 1122), three conditions must exist for

these ridges to form:

1. A rocky coastal setting to serve as a source for boulders
2. Sufficient winter ice and water-level fluctuations to entrain boulders in ice
rafts

3. A distinct break in slope in the nearshore zone.

Because the tidal range in this area is only about a meter, it may be that ice rafts push
boulders into shore-parallel lines, instead of ‘dropping’ them. In some places there is no
distinct break in slope in the nearshore zone. However, the relatively uniform, steep
foreshore slope of the beach may cause ice to ground parallel to the coast. The idea that
these are boulder barricades formed by ice push is supported by the fact that even though
the rest of the coast on the island is ice free during summer months, these southern bays
still contain a significant ice foot. If the hypothesis that these are ice-push beach ridges is
correct, then they are the first documented occurrence of boulder-barricade beaches in the

Ross Embayment.
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Figure 48. Surficial geologic map of the bay immediately south of South Bay,
Inexpressible Island.
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The hypothesis that waves formed most of the beaches at Inexpressible Island
may be evidence that the Terra Nova Bay polynya has been open for most of the
Holocene. This, in turn, suggests that the katabatic winds and the Drygalski Ice Tongue
have persisted through this time. One hypothesis is that the open water exists because
strong katabatic winds blow the sea ice out to sea. In addition, the Drygalski Ice Tongue
blocks sea ice from blowing in from the south (Hall, personal communication). It is
possible that the polynya is not a requisite feature for formation of these beaches because
storms may be able to break ice away from the coast. However, the high degree of
rounding displayed by the beach clasts favors long periods of open water, consistent with
a polynya.

Although the current environments at Cape Ross and Inexpressible Island are
different, raised beaches at both locations show evidence that they were formed by waves
during storm events. However, the average roundness of clasts on all beaches in South
Bay is significantly greater than that at Cape Ross. In addition, the average clast size of
the four lowest elevation beaches at South Bay is notably larger than that of any of the
beaches at Cape Ross, including those at low elevation in the mainland chasm. These
data support the hypothesis of more open water (polynya) at Inexpressible Island,
although it is possible that sediment supply limitations, bathymetric controls, and a larger

fetch exposure also could have caused these differences.
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Age of Northern Scott Coast Beaches

Cape Ross

Ages of the seven samples (Adélie penguin bone and Nacellidae shell) from Cape
Ross range from 30,150 + 430 to 44,900 + 3,100 Hc yr B.P. (Table 1). These dates are
significantly older than any found previously in beaches along the coast of the Ross Sea.
There are several explanations for these dates. The first is that they are erroneous, due to
some sampling or laboratory problem. The second is that the dates are correct. A third
possibility is that they are of infinite age, because the results are at the limit of the
radiocarbon technique (Hall, personal communication). A fourth possibility is a
combination of the second and third; that is, some dates may be correct, and some may be
infinite.

I am confident that sampling and dating error do not affect these ages. First, each
sample was taken from well within the beach (50-90 cm depth). There were no
recognizable stratigraphic breaks, and there is no evidence of reworking—both bone and
fragile shells (some of which were nearly complete) were found. Thus, the samples must
date the deposit. Second, every sample from Cape Ross is greater than 30,000 years.
This consistency lends credibility to the idea that these ages are in fact old, and not
erronecous. The presence of a large weathering horizon, which was found from the
surface to ~50 cm depth in nearly every excavation, gives credence to older-than-
Holocene ages.

DNA analysis suggests that at least some of the dates can be taken at face value.
Rates of DNA evolution in Adélie penguins recently calculated for the Ross Sea place the

age of the penguin bones (30,150 + 430 and 37,570 + 940 C yr B.P.) at substantially
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less than 60,000 years, but older than Holocene (Lambert et al., 2002; Lambert, personal
communication). Although this suggests that the dates of the penguin bones may be
correct, it does not prove that the shells are of the same age. The dates of the shells could
be infinite.

The third possibility is that all of the ages are infinite, despite the DNA evidence.
This would be because the materials are at the limit of the radiocarbon dating technique.
A final option is that the shells are beyond the limit of radiocarbon dating and the bones,
despite occurring in close association with the shells, are 30,000-40,000 years old. This
hypothesis suggests that some or all of the organic material was reworked—something
that is inconsistent with the preservation of fragile shells.

Regardless of age, the species of bones and shells found within the beaches both
suggest a warmer-than-present climate. Nacellidae are not found currently along the
Ross Sea coast, probably because sea ice is prevalent and grounded well below the
intertidal zone. They live today in the warmer climate of the Antarctic Peninsula
(CCAMLR, 1995). Similarly, Adélie penguins do not live at Cape Ross today probably
because the sea-ice edge is kilometers from land even during summer. Taken together,
the incorporated organic material, as well as the beach geometry and sedimentology, both
indicate that the beaches at Cape Ross date to a period as warm as, or probably warmer
than today, when there was less sea ice. This conclusion is based solely on temperature
control on sea-ice extent. It is possible that intensified katabatic winds could decrease the
sea ice around Cape Ross. Globally, oxygen isotope stages 5 and 11 are times when
temperatures were similar to or higher than those of today. Data from the nearby Taylor

Dome ice core indicate that stage 3 also was warmer than present in the Ross Sea region
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(Steig, personal communication). It is not possible at this time to determine conclusively
the period to which these samples date, although the DNA evidence favors stage 3. The
most important result is that the organic remains are not of Holocene age.

Based on the radiometric data, there are three possible interpretations for the ages
of the beaches (Table 4). The first is that all of the beaches at Cape Ross are pre-
Holocene in age, including the lowest, least-weathered ridges. A second possibility is
that all of the beaches are indeed Holocene in age, but contain re-worked older material
and lack Holocene organic remains. The third alternative is akin to the situation at Spike
Cape, where there seems to be a mix of both pre-Holocene and Holocene beaches (Hall,
personal communication). Such a combination could consist of Holocene beaches
superimposed on top of older beaches. Or, there could be older beaches with only a thin
veneer of Holocene sediment.

Besides the radiocarbon data, other evidence lends credence to the hypothesis that
the beaches at Cape Ross are pre-Holocene in age. There are common occurrences of
cavernous boulders and deep accumulations of grus at the highest elevations of Cape
Ross. Although weathering rates are unknown along the Antarctic coast, in the nearby
Dry Valleys this degree of weathering is known to require a long period of time
(Campbell and Claridge, 1987). Most boulders on Cape Ross, if not cavernously
weathered, are heavily pitted. This, too, is an indication of a high degree of weathering
which might not be possible in the short, unglaciated part of the Holocene. A deep
weathering horizon, generally found to 50 cm depth in excavations, also is evidence for a

thick soil-forming layer that could have taken a considerable period of time to develop.
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The possibility that the beaches are entirely Holocene in age and contain re-

worked pre-Holocene material is undermined by the occurrence of whole shells in the

deposits. Reworking during storms probably would degrade such shells. The lack of any

Holocene-aged organic remains also argues against the beaches being exclusively of

Holocene age. Therefore, in the next section I concentrate solely on the other two

hypotheses—that the beaches are of multiple ages or that they are of pre-Holocene age.

Table 4. List of evidence for ages of beach ridges at Cape Ross. A strong positive rating
means that the specified evidence (left column) strongly supports that relative age. “Old

beaches” are considered pre-Holocene, “Young beaches” Holocene, and “Mix” is
evidence for two beach sets—one “old” and one “young.”

(unweathered to pitted)

Old beaches Young beaches Mix
Radiocarbon results Strong + Strong - Strong -
Cave’:nous Weak + Weak - N/A
weathering/grus
Pres.‘ence of Weak + Weak - N/A
spalled/pitted boulders
Weathering/soil horizon Strong + Weak - Strong -
Whole Nacelltfiae within Strong + Strong K Strong -
deposits
Only one marine limit Strong - Strong + Weak -
Gradational weathering Strong - Strong + Strong -
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The beaches could be a mix of Holocene and pre-Holocene material. This could
result either from 1) complete reworking of the upper few tens of centimeters of old
beaches by Holocene wave action, or 2) only slight retouching of older beaches by
Holocene marine processes. However, there is no evidence for two distinct beach sets.
This is a problem for the hypothesis that some or all of the beaches are old, because
nearby evidence indicates that the Holocene marine limit at Cape Ross should be >21 m
elevation. However, there isn’t any break in weathering that could indicate a Holocene
marine limit lower than 34 m elevation. Rather, gradational weathering on the beaches in
the mainland chasm, which ranges from very slight on clasts at sea level to substantial
with pitted and stained clasts at 34 m elevation, suggests that there is only one set of
beaches. This and the fact that there is not any geomorphological evidence for
superimposed beaches suggests that the Holocene marine limit at Cape Ross may be at 34
m elevation and that all of the older beach material was inundated and perhaps reworked
slightly during the Holocene.

The lack of stratigraphy within the beaches argues against there being a mix of
materials of different ages. One would expect to see a break between the Holocene and
pre-Holocene beach sediments if the deposit had been mobilized in the last few thousand
years. In addition, dated material from Cape Ross is all older than 30,000 years old.
Twenty-five excavations on Cape Ross and in the chasm on the adjacent mainland did not
produce a single Holocene-age sample.

If the hypothesis that there are both Holocene and pre-Holocene beaches is

correct, then it implies that factors such as dense sea-ice cover hindered modification of
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these sediments, leaving the older set of beaches intact. However, if sea ice protected the
older beaches from being re-worked, one would expect ice-push features to be evident.

Preservation of old beaches also would be also possible if there were an ice shelf
abutting the coast. Hall and Denton (1999) suggested that the presence of an ice shelf
caused the disparity in the marine limit on the southern Scott Coast (the marine limit
drops from > 21 m at Cape Roberts to 0 m south of Explorers Cove). If an ice shelf did
protect pre-Holocene beach deposits at Cape Ross, then it is the first evidence of the
existence of an ice shelf so far north.

I favor the interpretation that the beach deposits at Cape Ross mostly are pre-
Holocene in age. This is supported by the radiocarbon ages, stratigraphic and
geomorphologic evidence, and the fact that there is only one marine limit.

This interpretation is not without problems and has credible opposing evidence,
such as the gradational weathering and the lack of a Holocene marine limit. The first of
the problems is that the beaches must have been preserved beneath ice during stage 2,
because the adjacent Evans Piedmont Glacier likely expanded at this time (see Figure 4,
page 9). Although there is no direct proof of the glacier expanding, there are three lines
of evidence that support the occurrence. First, Mackay Glacier (just south of Cape Ross)
thickened several hundred meters at the LGM and merged with the Ross Sea ice sheet at
present-day Granite Harbor (Denton and Hughes, 2000). The Evans Piedmont Glacier is
less than 20 km from the present-day Mackay Glacier, and probably also was in contact
with the Ross Sea ice sheet. The latest reconstruction shows that the Ross Sea ice sheet
should have reached ~500 m elevation at Cape Ross (Denton and Hughes, 2000).

Second, the nearby (30 km to the south) Wilson Piedmont Glacier, which is very similar
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to the Evans Piedmont Glacier in shape, topography, and probably origin, expanded at the
LGM (Hall and Denton, 2000a). The two piedmont glaciers probably respond in a
similar manner, suggesting advance of the Evans Piedmont Glacier at the LGM. Last, the
Evans Piedmont Glacier must have had a greater extent at some time in the past, because
the area above the marine limit on the mainland adjacent to Cape Ross is covered by till
of local origin (although likely due to an accumulation from multiple advances).

Cold-based ice is known to have little effect on the landscape (Sugden and John,
1976). For example, beaches at Spike Cape, Kolich Point, and Cape Roberts are now
emerging seemingly unscathed from beneath the Wilson Piedmont Glacier (Hall and
Denton, 2002). Thick soil horizons and dated whalebone suggest that beaches on
Svalbard are Pre-Holocene in age despite the fact that they were covered by ice at the
LGM (Forman and Miller, 1984; Forman et al., 1987; Forman, 1989; Lenne and
Mangerud, 1991). Both of these sites afford proof that beaches can be preserved under
cold-based ice. Itherefore conclude that it is possible that either the Evans Piedmont
Glacier or the Ross Sea ice sheet could have covered Cape Ross at the LGM without
destroying the beaches.

One could argue that sublimation till should be present on the beach surfaces if
indeed the Evans Piedmont Glacier overran them. Ihave not found any evidence of till
or perched erratics on the beaches at Cape Ross. However, sublimation till is also absent
at Spike Cape and in places on Svalbard where beaches have been overridden (Hall,
personal communication; Lebhman and Forman, 1992; Mangerud et al., 1992). I suggest
that since the Evans Piedmont Glacier lacks significant amounts of debris, it is possible

that it could override Cape Ross without depositing till.
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A second problem with a pre-Holocene age for the Cape Ross beaches is that a
Holocene sea-level high stand of > 21 m has been recorded at sites less than 35 km away.
It would seem likely that a Holocene high stand of similar magnitude would have existed
at Cape Ross. However, there is nothing in the geomorphology or weathering to suggest
a marine limit below 34 m elevation at Cape Ross (although snow cover may have
prevented this from being identified). For example, there isn’t a scarp separating
Holocene and pre-Holocene beaches. All of the beaches on the Cape Ross peninsula
seem to show a similar degree of weathering as if they formed in a close time frame. The
same is also true for the nearby peninsula at Depot Island. A set of beaches there extends
from near sea level to 34 m elevation with no weathering or geomorphic break. In
addition, a chasm on the Cape Ross mainland contains a set of beaches that rises from
near sea level to a soliflucted marine limit at about 31 m elevation. These beaches show
gradational weathering from very little modification near sea level to more severe
weathering on the highest beaches. There is not a sharp contact that could indicate a
Holocene marine limit. Moreover, the slight weathering on the lower beaches is not
consistent with a pre-Holocene age.

Both pre-Holocene and Holocene-aged materials have been recovered from the
beach ridges at Spike Cape. Field observations and data suggest that small ridges seem to
rest upon larger forms (Figure 46) (Hall, personal communication). This, and the fact
that Holocene organic remains occur at shallow depths and pre-Holocene remains at
deeper depths in the beaches suggest that there are multiple sets of beaches at Spike
Cape. However, I have not found similar geomorphic and stratigraphic evidence at Cape

Ross in support of superimposed beaches of different ages.
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East Beach Profile, Spike Cape, Southern Scott Coast
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Figure 49. Profile of beaches at Spike Cape. Large beach forms are interpreted by
dashed lines, and smaller, superimposed beaches are indicated by dotted lines.

The suggestion that there are not any Holocene beaches at Cape Ross is
problematic, because relative sea level should have been > 21 m higher during
deglaciation than it is today. One p(;ssibility for the lack of a Holocene marine limit is
that the Evans Piedmont Glacier covered Cape Ross until recently and protected the area
from marine influence. However, this is unlikely if one assumes that the Evans Piedmont
Glacier responds in a manner similar to that of the Wilson Piedmont Glacier. The Wilson
Piedmont Glacier was less extensive than at present by the mid-Holocene (Hall and
Denton, 2002). In addition, penguin remains from Cape Ross date to 3,000-4,000 yr
B.P., indicating that the area was ice free during the mid-to-late Holocene (Baroni and

Orombelli, 1994a).
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In conclusion I prefer the idea that the beaches at Cape Ross are mostly pre-
Holocene in age because I feel that the bulk of evidence (i.e., only pre-Holocene organic
material, deep soil horizons) supports this hypothesis. The beaches would have to have
been protected from Holocene marine influence. Perhaps the top few centimeters of

sediment may have been modified.

Inexpressible Island

Chronological data from Inexpressible Island are ambiguous. Dates of seal skin
and penguin remains place beach formation in Seaview and South Bays in the middle-to-
late Holocene (Baroni and Orombelli, 1991; Hall, personal communication; this study).
However, a single Nacella shell from the 25-m-elevation beach dates to 46,000 + 2600
'4C yr B.P. (uncorrected). More Nacella have been found in upper-elevation beaches at
Hell’s Gate, but have not yet been dated. Although there doesn’t seem to be any
evidence for superimposed ridges, the mix of dates from Inexpressible Island suggests

that there might be both Holocene and pre-Holocene beach materials.

Implications of Pre-Holocene Ages

The marine limit at Cape Ross (34 m) has long been thought to be Holocene in
age. If the beaches at Cape Ross antedate the Holocene, then the chronology of ice
retreat based on southern Scott Coast RSL curves (Hall and Denton, 1999) may be too
old. In fact, if the Holocene marine limit is not 34 m, but is instead closer to 21 m (the
elevation of the highest marine deposits and ice-free land at Cape Roberts), the grounding

line may have passed up to 1000 years later than the date of 6,500 C yr B.P. originally
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suggested (Hall and Denton, 1999). However, dates of shells from the sea floor in
McMurdo Sound do seem to agree well with an age of 6,500 yr. B.P. for deglaciation
(Kellogg et al., 1990; Licht et al., 1996).

Whether or not the beaches at Cape Ross are entirely of pre-Holocene age or are a
mix of ages, they do contain significant amounts of pre-Holocene sediments and organic
remains. An implication of this fact is that construction of new RSL curves must take
into consideration the possibility of pre-Holocene beach deposits—beaches can no longer
be assumed to be of Holocene age. Consequently, future workers will need detailed
stratigraphic and dating analyses to determine the ages of the beaches and to develop
RSL curves.

Construction of an accurate RSL curve is dependent on a reliable estimation of
the original elevation of the beach above mean sea level (MSL). This, in turn, is
contingent on the specific beach-forming process and environment. Previous researchers
have relied on generalized assumptions regarding beach formation when constructing
RSL curves. For example, Hall and Denton (1999) assumed that the beaches were storm
deposits and used a correction of four meters—the elevation of the modern storm
beach—to account for storm surge.

Hall and Denton (1999) were correct about the beaches having formed during
storms, but it is nearly impossible to determine at what elevation above sea level the
ridges originally formed. It is certain that these beaches did not form at mean sea level
and that some elevation correction is necessary. However, the storms that created the
beaches probably differed in intensity. The best solution would be to analyze each beach

used in the RSL reconstruction to make a correction evaluation based on inferred wave
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energy from grain-size and elevation differences. Butler (1999) attempted to use beach-
face slope angles and trends in beach size as proxies for paleo-wave energy. He
suggested that using lower-energy beaches would decrease the error associated with
storm surge, although such beaches are rare north of his study area. With some careful
work, it should be possible to determine at least relative storm size based on grain-size
data and morphology. This analysis would have to take into account any problems that
arise due to changes in geometry as land rebounds, and assume that the sediment sources
for the beaches are not limited. Determining paleo-wave energy is a topic for future

study.

Holocene Climate Variability

Most, if not all, of the raised beaches along the Scott Coast were formed by
waves. Several modern beaches at Cape Ross, Spike Cape, and Marble Point display
characteristics of an ice-push process, including discontinuous ridge segments, steep and
hummocky crests, and poorly-rounded clasts. Assuming that these low-elevation beaches
are ice-push ridges, it is possible that the current fast-ice environment has not been
present throughout the Holocene. On the other hand, ice-push ridges may not occur at
higher elevations, because they have a low preservation potential (Nichols, 1953; Hume
and Schalk, 1964; Taylor and McCann, 1983). Storm waves generally reach higher than
ice, and remove any ridges formed by ice processes.

Raised beaches on north-facing slopes of the Scott Coast (from Depot Island
south) are generally more abundant and are larger in scale than those on south-facing

slopes (Figure 47). At Cape Ross, there are three major ridges (as much as two meters
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Figure 50. Maps of beach ridges at locations on the southern Scott Coast. The majority

of beaches (particularly those of high-relief) at these sites occur on the north-facing
shores. At Marble Point, beaches that are north-facing are larger than those that are

south-facing. Figures redrawn from Hall and Denton (2000).
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high) and several smaller ones on the north side of the tombolo. In contrast, only three
minor ridges occur on the south side (although snow cover limited observation). These
southern ridges are less than a meter high and do not continue laterally more than 30 m.
In addition, the highest beach on the cape, which makes a circuit around the plateau, rises
in elevation towards the northeast. Therefore, the best-developed and highest beaches on
Cape Ross are on the north and northeast sides.

Other areas along the southern Scott Coast also display this asymmetry. Most
well-defined beaches at Cape Roberts occur on the north coast. Pocket beaches are
developed best on the north coast of Dunlop Island, and are significantly larger than those
with southern exposure. At Marble Point, beaches also are better developed on the north-
facing shoreline. The implication of this asymmetry is that the dominant storm-wave
energy has been from the northeast. It is possible that bathymetric variations may cause
this asymmetry, but this is unlikely given the number of sites at which it occurs. Both
north- and south-facing coastlines have equivalent sediment sources, which rules out
supply differences. Butler (1999) described beaches in southern McMurdo Soﬁnd as
occurring more commonly “in sheltered south-facing locations, because they are
protected from open-marine conditions...” I disagree with this conclusion because of the
above data. However, Butler (1999) did suggest that the highest wave energy is from the
northeast, which is in agreement with my evidence. The asymmetric distribution of the
raised-beach deposits indicates that the northeast wave direction was dominant
throughout the Holocene.

Sea-ice extent during the middle and late Holocene may have been considerably

less than it is today. Waves from the northeast would tend to pile sea ice on the coast
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during storms, and there is no evidence of such. This conclusion is consistent with other
available information. For example, Hodell et al. (2001) suggested that the sea-ice extent
in the Antarctic increased after 5000 cal yr. B.P., and a general cooling has progressed
since. Baroni and Orombelli (1994a) dated fossil rookeries along the northern Scott
Coast and discovered that penguins were more common between 5,000 and 3,000 yr B.P.,
a period that they call the “penguin optimum.” Adélie penguins lived at Cape Ross
between 4,000 and 5,000 yr. B.P. (Baroni and Orombelli, 1994a), but do not live there
today. Baroni (1994) advocated sea-ice extent as the most important factor in
determining their rookery location. Too much sea ice hinders their access to the open
ocean, and therefore they must move to areas where open water is adjacent to the
shoreline. If this interpretation is correct, then sea-ice extent around Cape Ross must
have been less at least during the penguin optimum.

Other evidence in support of less sea ice in mid-to-late Holocene time includes the
remains of elephant seals (see figure 41, page 58) along the Scott Coast dating between
5,000 and 900 “C yr B.P. (Hall and Denton, 1999; Hall, personal communication).
Elephant seals do not live in the area today and generally prefer sub-Antarctic areas with
milder environment. The relative profusion of elephant seal remains on the Scott Coast
might imply that periods during the Holocene were warmer than present. In addition to
the presence of the seals, Hall and Denton (2002) concluded that the Wilson Piedmont
Glacier, which is adjacent to the southern Scott Coast, was less extensive in the mid-
Holocene than it is today. A readvance culminated less than 250 years ago. All of the
above data are consistent with the hypothesis that sea-ice extent may have been less

during the mid-to-late Holocene.
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Data at Inexpressible Island also suggest Holocene variations in sea-ice extent.
Grain-size data from South Bay show that the largest beach boulders occur on the lowest
four ridges. The average size drops sharply from nearly 26 cm (average of largest axis)
on these four beaches to 14 cm on the next seven higher beaches. The upper most beach
boulders averaged 18 cm. Although the grain-size data may not be statistically
significant, these trends were seen clearly during the course of field work. One possible
reason for this change is that wave energy was more intense in the early and especially
late Holocene, allowing for transportation of larger clasts. The higher wave energy, in
turn, could be related to the reduced sea-ice extent in the Terra Nova Bay region. The
reduction of sea ice could be due to the expansion of the polynya (allowing for greater
fetch), owing to local factors such as an increase in katabatic winds. Or it could reflect a
general decrease of sea ice in the Ross Sea. Another possibility is that storm intensities
have increased in the late Holocene allowing for transport of the larger clasts. However,
there is no independent supporting evidence for this hypothesis.

The lowest-elevation beaches in South Bay also contain the most rounded clasts.
This could imply several things. First, the polynya might be more extensive now than in
the past, allowing more fair-weather wave energy to reach the coast and round the clasts.
Alternatively, the degree of roundness could indicate that isostatic rebound has slowed,
and these clasts have been subject to prolonged wave influence, and are thus the most
rounded. Other than along the southern end of South Bay where the syenite clasts

weather rapidly, I do not believe that weathering has significantly altered roundness.
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CONCLUSIONS

All of the beaches at Cape Ross, save the lowest-elevation (modern) ridge, were created
by storm waves. Stratigraphic and geomorphologic evidence indicates that the beaches

probably formed during single storm events.

The radiocarbon data unequivocally indicate that at least the deeper (>50 cm) beach
sediments at Cape Ross are of pre-Holocene age. However, one cannot rule out the
possibility that the beaches formed during the Holocene but contain a core of older
material. Regardless of the age of the beaches, the remains of Nacella and Adélie

penguins suggest that the interval in which the beaches formed was warmer than today.

Geomorphic observations on Inexpressible Island indicate that waves formed nearly
every beach in Seaview and South Bays; preliminary sedimentological results suggest
that most ridges represent single-storm deposits. However, there are a few exceptions,
where distinct units within the beaches may represent multiple storm events. In contrast,
reconnaissance in the two southern bays established that beaches there are similar to ice-

push ridges found in the Arctic.

Beaches at Inexpressible Island contain material of both Holocene and pre-Holocene age.

More work is needed to determine if beaches of both ages exist, or if the older organic

remains are worked into younger sediments.
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« The fact that all beaches at Inexpressible Island were formed by waves and show well-
rounded clasts suggests that the Terra Nova Bay polynya may have persisted throughout

the mid-to-late Holocene.
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Grain Size Data

Beach l 1D # l Avg Size (cm) I Std Dev (s) I Largest (cm) I Avg Rnds § | Std Dev (r) I % small ** | Elevation I n
CAPE ROSS
1N, m, crest BS-02 12,3 14.2 99.0 0.37 1.4 10 23.3 51
2N, m, crest BS-03 8.9 11.7 65.0 0.39 1.4 35 26.4 77
3N, m, crest BS-04 13.7 10.1 46.0 0.47 1.7 25 27.6 27
3N, m, crest BS-05 16.51 10.8 56.0 0.37 1.4 N 27.6 18
3N, e, crest BS-08 10.6 5.9 30.0 0.42 1.9 N 27.6 89
3N, m, back BS-06 13.5 7.6 38.0 0.39 1.4 20 27.6 43
3N, m, back BS-10 8.4 4.6 28.0 0.48 1.6 20 27.6 108
3N, m, front BS-07 14.5 9.4 37.0 0.39 1.6 30 27.6 30
Top, crest BS-01 12.1 6.7 35.5 0.52 2.1 20 314 67
Top, crest BS-09 14.4 8.3 35.0 0.38 1.6 30 31.4 37
DEPOT ISLAND
Unknown BC1 24.0 13.4 57 .49 1.2 15 Unknown 25
Unknown BC2 24.1 11.8 54 .49 1.2 .45 Unknown 22
Unknown BC3 17.0 8.1 39 .48 1.2 15 Unknown 44
Unknown BC4 18.4 7.5 37 A48 0.9 10 Unknown 34
Unknown BCS 15.9 7.0 34 .56 1.0 45 Unknown 39
Unknown BC6 22.3 6.8 36 .54 0.8 45 Unknown 18
SOUTH BAY NORTH

1 N/A 254 12.7 92.0 .68 0.9 20.0 55 24

2 N/A 25.9 13.5 71.0 .60 0.8 20.0 8.2 27

3 N/A 23.5 10.3 49.0 .59 0.8 25.0 10.2 26

4 N/A 274 12.7 45.0 .63 1.0 35.0 11.8 18

5 N/A 15.7 12.5 51.0 .59 0.9 40.0 13.5 41

8 N/A 12.3 9.2 64.0 .62 0.8 30.0 15.1 79

7 N/A 18.3 12.5 63.5 .55 1.1 35.0 18.5 M4

8 N/A 12.5 6.2 40.0 .59 1.0 35.0 21.3 94

9 N/A 12.5 5.3 33.0 .58 1.1 25.0 22.4 89

10¢ N/A 14.6 7.6 46.0 .53 1.0 5.0 25.5 51
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Beach ID# | AvgSize(cm) | StdDev(s) | Largest(cm) | AvgRndst | Std Dev(r) | % small = | Elevationt | n |
10b N/A 137 5.6 26.0 53 1.1 5.0 25.5 45
11 NIA 18.8 17.0 92.0 47 1.1 10.0 27.4 38
12 N/A 22,0 8.9 54.5 62 0.9 20.0 28.9 33
13 N/A 19.4 8.7 50.0 50 1.4 20.0 204 52
14 N/A 133 7.2 33.0 55 0.9 25.0 208 68

SOUTH BAY SOUTH
1 NIA 239 14.8 69.0 69 1.1 10.0 6.1 29
2 N/A 213 12.3 55.0 64 1.2 26.0 9.5 29
3 NIA 317 15.9 57.5 60 1.0 20.0 13.4 14
4 NIA 31.3 13.4 65.0 59 0.7 25.0 14.3 15
5 N/A 26.5 9.7 52.0 .58 0.9 25.0 15.3 23
6 NIA 20.9 6.0 325 55 0.7 35.0 16.3 31
7 NIA 254 9.5 46.5 61 0.7 30.0 17.9 2 |
8 N/A 10.2 5.5 29.0 49 0.9 50.0 18.7 o7
9 N/A 11.7 7.8 40.0 58 09 50.0 19.5 58
SEAVIEW BAY
Unknown BC1 24.5 14.3 74 55 0.6 10.0 Unknown 27
Unknown BC2 21.0 18.2 75 60 0.6 10.0 Unknown 35
Unknown BC3 208 245 91 63 1.0 3.0 Unknown 25
Unknown BC4 16.7 10.1 63 .65 0.9 15.0 Unknown 56
Unknown BCS 20.6 10.9 57 60 0.9 10.0 Unknown 34
Unknown BC8 13.5 7.0 36 59 0.9 25.0 Unknown 74
Unknown BC7 18.7 9.2 48 60 0.8 10.0 Unknown 40
Unknown BC8 31.0 13.7 75 50 0.8 5.0 Unknown 21
Unknown BCY 18.7 10.7 50 53 0.8 10.0 Unknown 40

* - approximate. Taken from transect.

** - percentage of material in a meter-square plot that is smalier than 1 cm in diameter (largest axis)

1 - Average roundness measurements based on Powers (1953)
1 - Elevation in meters above sea level

St Dev (s) - standard deviation of size

St Dev (r) - standard deviation of roundness

n - population size
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