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ABSTRACT 

Most workers agree that Mt. Katahdin was covered by ice at some time, but no indisputable evidence exists to 
support the common notion that cirque glaciers postdated continental ice recession from Mt. Katahdin. Erratics of 
northern provenance near its summit indicate that Mt. Katahdin was overridden by continental ice centered north 
of the mountain. These unweathered erratics, as well as generally unweathered bedrock and weakly developed soils 
on the Table Land, suggest that upland areas were covered by continental ice during the late Wisconsinan. 
Theoretical ice-surface profiles constructed along now lines that lead inland from a dated ice-front position near 
the present coastline also suggest that overriding occurred during late Wisconsinan time. Roches moutonnees with 
chattermarked stoss sides facing down-cirque and ragged sides facing up-cirque, along with till of a northern 
provenance on the Northwest Basin floor, suggest that erosion and deposition by continental ice were the last late 
Wisconsinan events that occurred on Mt. Katahdin. The lack of end moraines on all cirque floors suggests that 
cirque glaciers did not reform following ice sheet recession. Lateral moraines on the east and south flanks of Mt. 
Katahdin were formed by continental ice during the final stages of deglaciation when Mt. Katahdin became a 
nunatak. The nunatak hypothesis suggests that some life forms survived late Quaternary glaciations on nunataks, 
refuges not completely covered by ice. However, for at least part of the late Wisconsinan, Mt. Katahdin was probably 
completely inundated by an ice sheet, therefore offering little or no support for the nunatak hypothesis. 

INTRODUCTION 

A long-standing controversy in Quaternary geology con
cerns the g lacial history of mountainous areas in northeastern 
North America, and whether these areas supported isolated 
icecaps or c.irque g laciers in late Wisconsinan time (Flint, 195 1 ). 
A more recent controversy concerns the vertical and lateral 
extent of late Wisconsinan ice sheets in the northern hemisphere 
(Ives, 1978; Denton and Hughes, 1981; Andrews, 1982), which 
also has important implications for the "nunatak hypothesis" 
(Ives, 1974). 

The nunatak hypothesis states that certain plant and animal 
species survived the late Quaternary ice ages on nunataks, or in 
refuges that were not completely inundated by ice. In the strict 
sense, "nunatak" is an lnnuit word meaning a mountain peak 
surrounded on all sides by glacial ice (Ives, 1974). Fernald 

( 1925) and E. Dahl ( 1946, 1955) used the nunatak hypothesis to 
explain anomalous present-day distributions of certain groups of 
vascular plants as due to survival in refuges in northeastern North 
America and the Scandinavian mountains, respectively. More 
detailed botanical work and investigations of invertebrates and 
mammals on both sides of the North Atlantic Ocean during the 
twentie th century further strengthened the nunatak. hypothesis. 
Over the last two decades, biogeographical studies in the High 
Arctic of North America have extended application of the 
nunatak hypothesis to the overall history of North Atlantic flora 
and fauna. However, as the biological community strengthened 
its support for the nunatak hypothesis, geologists and physical 
geographers on both sides of the North Atlantic argued that all 
mountain tops in Scandinavia and in many parts of North 

119 



P. T. Davis 

America were completely inundated by continental ice during at 
least the major glaciations of the late Quaternary (R. Dahl, 1963; 
Flint, 1943). Thus, many geologists and physical geographers 
have demonstrated unequivocal evidence for glaciation in areas 
formerly believed to be refugia, and suggest that biologists must 
look elsewhere for an alternative explanation for anomalous 
distributions of plants and animals (cf. Hoppe, 1968). More 
recently, however, glacial geologists have identified some areas 
in the Maritime Provinces of Canada that appear to have 
remained ice-free during the late Wisconsinan (Brookes, 1970, 
1977; Grant, 1977a, b; Waitt, 1981). 

Ives (1974, p. 607) summarized a variety of reasons for 
testing of the nunatak hypothesis, which should lead to a better 
understanding of the following: (I) the evolution of life-forms 
in the arctic regions, (2) the history of glaciation of high and 
middle-high latitudes, (3) rates of subspeciation, ( 4) patterns and 
rates of plant migration, (5) rates of weathering in cold climates, 
and (6) effectiveness of glacial erosion. Ives (1974, p. 607) 
further pointed out that progress in any of the above mentioned 
fields should have an impact on scientific understanding of these 
fields as they apply to alpine areas at lower latitudes. Thus, 
characteristics of boulder weathering and soil development at 
high altitudes, such as in the Rocky Mountains (Birkeland, 
1973), and at high latitudes, such as on Baffin Island (Birkeland, 
1978), should have application to studies of similar geomorphic 
processes on lower mountains in the mid-latitudes, such as on 
Mt. Katahdin. 

The purpose of this paper is to reassess previous work and 
present new data and interpretations about the glacial history of 
Mt. Katahdin, a highland area in north-central Maine. Evidence 
against post-ice sheet mountain glaciation on Mt. Katahdin is 
only summarized here and is presented in more detail elsewhere 
(Davis, 1976, in prep.). This paper also focuses on evidence for 
the probable overriding of Mt. Katahdin by continental ice 
during late Wisconsinan time, and thus contributes to the con-

upper portions of the massif are covered by tundra and block 
fields. 

Quaternary research concerning Mt. Katahdin began when 
Hitchcock (1861, p. 265) suggested that an ice sheet had never 
entirely covered the mountain, as indicated by the sharp outline 
of the Knife Edge arete (Figs. 5, 6). Packard ( 1867, p. 239) also 
believed that Mt. Katahdin always had been a nunatak because 
he failed to find erratic boulders above an altitude of about 1200 
m. However, De Laski ( 1872, p. 29) found large fossiliferous 
and "chalk flint" erratics ("weighing a pound or more") within 
about I 00 m of Pamola Peak and suggested that Katahdin 's main 
summit was molded by an overriding ice sheet. In a detailed 
description of the physical geography of Mt. Katahdin, Hamlin 
(1881, p. 221) recognized that North and South Basins were 
cirques and that the long ridge east of Basin Ponds was a moraine 
(Figs. 2, 4). Subsequently, Tarr (1900, p. 447) attributed the 
steep appearance of South Basin to headwall erosion by a cirque 
glacier that persisted after the most recent recession of continen
tal ice. Tarr ( 1900, p. 443) also classified the long ridge east of 
Basin Ponds as a terminal moraine deposited by local cirque 
glaciers that he envisioned as flowing eastward off Mt. Katahdin. 
Finally, Tarr ( 1900, p. 436) reinforced a suggestion that continen
tal ice covered Mt. Katahdin at some time in the past, because 
he found erratics scattered about summit areas. 
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At 1605 m (5267 ft) , Mt. Katahdin is the highest of a group 
of monadnocks that form outliers of the Longfellow Mountains 
(Fig. 1 ), which constitute an extension of the White Mountains 
into Maine. With a local relief of about 1450 m, Mt. Katahdin 
is one of the largest massifs in the Appalachians. The mountain 
is composed largely of granite and is part of a large Devonian 
pluton that intruded lower and middle Paleozoic sedimentary 
and volcanic rocks (Griscom, 1966; Hon, 1980). The upper 
portion of the Katahdin massif is marked by a broad and rolling 
upland known as the Table Land, which is surmounted by a 
number of peaks (Figs. 2, 3). Several deep cirques are carved 
into the mountain flanks, and shape a rugged and steep topog
raphy below the Table Land (Figs. 4, 5). Tree line on Mt. 
Katahdin currently reaches to about 1100 to 1300 m, and the 
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Figure l. Location map of Maine and surrounding areas. Note location 
of Katahdin esker system and of transect for theoretical ice-surface 
profile between Mt. Katahdin and Frenchman Bay shown in Figure 19. 
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Figure 2. Topographic features of Mt. Katahdin. Major moraine systems are outlined and labeled: A - Basin Ponds moraine system, 
and B - lateral moraine system on the south slope of the mountain. Soil pit sites on Table Land labeled I, 2, and 3. From U.S. 
Geological Survey 15-minute Mt. Katahdin, Maine quadrangle. 
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Figure 3. View to the northwest of Table Land from north slope of 
Baxter Peak, with Great Basin at the right. 

Figure 4. View to the northwest of east side of Mt. Katahdin, showing 
South (mostly hidden), Great, and North Basin cirques, situated left to 
right. The Basin Ponds lateral moraine system is in the foreground. 
Photograph taken by Donald Johnson, Westbrook, Maine. 

Antevs ( 1932, p. 15-16) described six cirques on Mt. Katah
din, and concurred with Tarr 's opinion that glaciers persisted in 
these cirques after recession of continental ice. Antevs ( 1932, p. 
8) also found erratic pebbles close to the cairn marking the 
summit of Baxter Peak (Fig. 2). Finally, Antevs interpreted the 
ridge east of Basin Ponds as a medial moraine deposited between 
Katahdin cirque glaciers on the west and an active continental 
ice tongue on the east. More recently, Caldwell (1959, 1966, 
1972, 1980; Caldwell and Hanson, 1982), Thompson (1960a,b, 
1961), and Davis (1976, 1978, 1983; Davis and Davis, 1980; 
Davis et al., 1980; Waitt and Davis, 1988) have described glacial 
features on Mt. Katahdin. Caldwell (1966, p. 52) supported 
Antevs in his interpretation of the long ridge east of Basin Ponds 
as a medial moraine. However, because of its morphology, the 
ridge was considered by Thompson (1961 , p. 470-473) to be a 
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Figure 5. The headwall of South Basin cirque. On the skyline are the 
Knife Edge at the center, Baxter Peak on the right, and Pamola Peak on 
the left. Horizontal sheeting noticeable on the lower part of headwall . 

Figure 6. Aerial view to the northeast shows the Knife Edge, with 
Pamola Peak on the right, and Basin Ponds and Basin Ponds moraine 
in the background. 

lateral moraine deposited by continental ice banked against Mt. 
Katahdin, with smaller ridges downslope formed by cirque 
glaciers that overrode the Basin Ponds moraine. However, Davis 
( 1976, p. 81; Davis and Davis, 1980) believes that the Basin 
Ponds moraine and the ridges downslope were formed entirely 
by a tongue of active continental ice receding into the trough east 
of Mt. Katahdin. Davis (1976, p. 69; 1978) also found large, 
faceted, striated erratics within 50 m of Baxter Peak, indicating 
that the mountain was overridden by continental ice at some time 
in the past. 

Elsewhere in New England, various conclusions have been 
reached concerning the Quaternary history of mountain areas. 
Goldthwait (1970) summarized evidence against post-Wiscon
sinan reoccupation of cirques subsequent to continental ice in 
the Presidential Range of the White Mountains in New 
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Hampshire (Fig. l). This evidence consisted of: (1) glacial 
grooves and roches moutonnees, indicating uphill ice move
ment, preserved on or at the base of cirque headwalls; (2) drift 
of northern provenance on cirque floors; and (3) the lack of 
lateral or end moraines in the cirques. Although Bradley ( 1981) 
suggested that large boulders of schist were transported out of 
north-facing valleys by post-ice sheet cirque glaciers in the 
Presidential Range, Fowler (1984), Gerath et al. (1985), Davis 
and Waitt ( 1986), Davis and Thompson (I 988), and Waitt and 
Davis ( 1988) attribute these boulders to postglacial mass wast
ing. In the Green Mountains of Vermont (Fig. 1) Wagner ( I 970, 
1971) considered small ridges at valley mouths to be end and 
lateral moraines, and the products of late-Wisconsinan mountain 
glaciers. However, Waitt and Davis (1988) note that the valleys 
above these ridges are not headed by cirques, and suggest that 
the ridges are merely hummocky ground moraine deposited by 
the waning ice sheet. Finally, Borns and Calkin ( 1977) did not 
find evidence for post-ice sheet cirque glaciers in the Longfellow 
Mountains in west-central Maine. 

EVIDENCE AGAINST POST-ICE SHEET 
MOUNTAIN GLACIATION 

Nearly all previous workers have thought some of the cir
ques and separating aretes, especially those on the east side of 
Mt. Katahdin, are too fresh to have survived overriding by a 
continental ice sheet (Tarr, 1900; Antevs, 1932; Thompson, 
l 960a,b, 196 l; Caldwell, 1966, 1972, 1980; Caldwell and Han
son, 1982; Caldwell et al., 1985). Yet sharpness of aretes and 
steepness of cirque headwalls are not necessarily diagnostic of 
post-ice sheet cirque glaciation. For example, ragged aretes and 
well-formed cirques in the North Cascade Range of Washington 
were scarcely altered by burial beneath hundreds of meters of 
the late Wisconsinan Cordilleran ice sheet (Waitt, 1975, 1977). 
Rather, the east-facing cirques of Mt. Katahdin (Figs. 4, 5, 6) 
have been freshened by postglacial mass wasting, which is 
controlled by the strong vertical jointing of the bedrock (Fig. 7) 
(Davis, 1976). Also, summit areas of the Katahdin massif con
sist of granophyric rock (Hon, 1980) that provides a resistant cap 
which protects the less resistant pluton core from erosion 
(Caldwell and Hanson, 1985). Evidence against post-ice sheet 
cirque glaciation on Mt. Katahdin is summarized below. 

Roches Moutonnees 

The floor of Northwest Basin (Fig. 2) contains at least three 
roches moutonneees whose grooved, chattermarked stoss ends 
face downvalley and whose ragged ends face the cirque head
wal l. The long axes of these forms and g lacial grooves etched 
into them trend south-southeast, slightly oblique to the trend of 
the cirque. Thus, these features suggest that a cirque glacier did 
not occupy Northwest Basin after continental ice receded. 

Cirque-Floor Drift 

Mt. Katahdin is formed of the Katahdin granite, biotite 
granite to granophyre, which intruded lower Paleozoic sedimen
tary and volcanic rocks that surround the massif (Osberg et al., 
1985). Thus, sedimentary and volcanic stones in drift on Mt. 
Katahdin are erratic. The composition of drift in Northwest 
Basin indicates that any post-ice sheet cirque glaciers there, as 
envisioned by Antevs ( 1932), would have flowed opposite to the 
south or southeast flow of continental ice. Gravel to pebble size 
stones in a thin till sheet on the floor of Northwest Basin are 
dominantly granite, but 22 to 38 percent of the pebbles are 
sedimentary and volcanic erratics (Table I). Many of these 
erratic stones are derived from the lower Devonian Seboomook 
Formation and Matagamon Sandstone, two of the bedrock units 
north of Mt. Katahdin. Many of the granite clasts also may have 
been derived from the mountain flank northwest of the cirque, 
as Katahdin granite bedrock extends about 10 km north of 
Northwest Basin (Osberg et al., 1985). The presence of erratics 
indicates that the last glacier to occupy Northwest Basin was the 
ice sheet flowing up the cirque, because any post-ice sheet cirque 
glacier should have redistributed much of the imported drift back 
downvalley. Thus, erratic drift corroborates the southeastward 
ice-flow direction inferred from roches moutonnees in 
Northwest Bas in. 

Erratic pebbles in thick drift are not as abundant on the floors 
of the three east-facing cirques (Fig. 4) as they are in Northwest 
Basin cirque, yet some counts show as much as 20 percent 
sedimentary and volcanic clasts (Table I). Numerous erratics 

Figure 7. Prominent vertical jointing on upper part of the South Basin 
headwall. South Peak is on the right and Chimney Peak is on the left. 
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TABLE I. ERRATIC STONES COUNTED lN THE PEBBLE FRACTION OF TILL, MT. KATAHDLN. 1 

Sample Number Percent Sample Number Percent 
Location Number counted erratic2 Location Number counted erratic2 

Northwest Basin K85 100 38 Basin Ponds moraine, south K9l 50 44 
K86 50 30 K92A 50 34 
K87 50 22 K92B 50 34 
K88 50 28 K93 50 24 

K94 50 26 
North Basin Kil 100 IS 

K42 50 20 Moraines east of Basin Ponds K71 50 42 
K47 100 13 moraine K72 50 12 
KS6 100 9 K8l 25 48 

(Blueberry Knoll) K43 50 16 K82 50 64 
K44 so 14 K83 50 68 

Great Basin KIO 200 2 Moraines, south slope Katahdin, K96 50 42 
K32 200 3 east K97 50 48 
K33 200 4 Moraines. south slope Katahdin, K98 50 32 
K34 100 3 west K99 50 24 
K35 200 2 
KSS 200 2 Table Land (near Hamlin Peak) K6 200 10 

K27A 100 6 
South Basin K3l 100 4 K27B 100 13 

K54 200 5 K28 100 s 
Basin Ponds moraine, north K57 so 20 Table Land (Northwest Plateau) K89 100 14 

KS8 50 24 
KS9 so 18 Table Land (near the Saddle) K7 JOO II 
K60 50 14 KS 100 10 
K61 50 JO K9 300 s 
K62 so 32 Kl9 100 9 
K63 50 14 K22 100 8 
K64 50 26 K23 100 9 
K65 50 32 K24 100 10 
K66 50 16 K25 100 II 
K67 50 22 
K68 50 24 Table Land (north side KI S 100 8 
K69 50 40 Baxter Peak) K16 100 6 
K70 50 32 KI 7 100 7 

KJ8 100 7 
Summarized from detailed counts by lithology in Davis (1976, Appendix B; specific locations on his Fig. 13). 

2
Includes 3 1 distinguished varieties of sandstone, silts tone. shale, metasandstone, chert, slate, mica schist, chlorite schist, and volcanic rocks. 

among the cobble-boulder fraction are also easily distinguished 
in trail-cuts in these cirques. Thompson (1961, p. 470) and 
Caldwell ( 1966, p. 53) interpret the lower abundance of erratics 
on the floors of the east-facing cirques to mean that cirque 
glaciers removed material after continental ice disappeared. An 
alternative explanation is Boulton 's (1974, p. 55; 1975, p. 15) 
basal-freezing and regelation mechanism, which suggests max
imum erosion of bedrock on the up-glacier side of obstructions 
and maximum deposition of till on the down-glacier side. The 
continental ice flowing over Mt. Katahdin incorporated mainly 
granite as it flowed up the northwest mountain flank and conse
quently deposited mainly granite clasts in the east-facing cir
ques, which were hollows in the glacier bed. 

That all the drift on east-facing cirque floors could have 
been derived from postglacial mass wasting is also unlikely 
because the cirque walls are too steep to have accumulated much 
drift. Later mass wasting from the steep rock slopes would 
inevitably also consist mostly of angular local-rock debris, as 
mapped mass-wastage deposits near valley sides and cirque 
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walls indeed do (Davis, 1976). Thus, the small abundance of 
erratics in the east-facing cirques is not necessarily the result of 
mountain glacier activity after ice sheet recession. 

Moraines 

The distinct Basin Ponds moraine (Hamlin, 1881 ; Tarr, 
1900; Antevs, 1932; Caldwell, 1972; Davis, 1976; Thompson 
and Borns, I 985a) extends for about 5 km approximately on 
contour at 740 m (2400 ft) altitude across the eastern slope of 
Mt. Katahdin as a continuous hummocky ridge that dams Basin, 
Depot, and Pamola Ponds (Figs. 2, 4). The moraine consists of 
mixed-lithology till, but also contains many rounded granitic 
boulders as large as 6 m in diameter. The Basin Ponds moraine 
has been interpreted varyingly as a terminal moraine deposited 
by late Wisconsinan mountain glaciers flowing eastward from 
cirques floored in granite on Mt. Katahdin (Tarr, 1900), as a 
medial moraine between such mountain glaciers and continental 
ice to the east (Antevs, 1932; Caldwell, 1966, 1972), or as a 
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lateral moraine marking the maximum late Wisconsinan con
tinental ice limit against an ice-free Mt. Katahdin (D. Grant, pers. 
commun., 1976; Caldwell and Hanson, 1986). However, the 
morphology of the moraine and the erratic component of its till 
do not support the first two ideas. The third idea suggests that 
Mt. Katahdin remained a nunatak throughout the late Wiscon
sinan and perhaps longer, and will be addressed later in this 
paper. 

The Basin Ponds moraine contains many large granitic 
boulders; however, the pebble fraction is I 0 to 44 percent erratic, 
suggesting that all of the material could have been transported 
by an ice sheet flowing around the mountain, rather than by local 
glaciers from the east-facing cirques. The moraine does not 
descend in a convex form eastward as expected from a local
glacier moraine; rather it is convex westward (upvalley) and 
roughly follows a contour along the east slope of Mt. Katahdin 
(Davis, 1976, p. 55). The moraine extends both north and south 
beyond the mouths of the three east-facing cirques. There is too 
little space between the moraine and Keep Ridge for a hypotheti
cal former cirque glacier or even a large drainage channel (Figs. 
2, 4). Therefore, the Basin Ponds moraine must have been built 
by late Wisconsinan continental ice occupying the valley east of 
Mt. Katahdin, when the mountain was an emergent nunatak; both 
the lithology and the form of the moraine are wrong for deposi
tion by cirque glaciers flowing eastward from the mountain. 

Several smaller moraines lie on the mountain flank just 
downslope from the Basin Ponds moraine (Figs. 2, 4). Some of 
these are arcuate, but generally they are parallel to each other 
and to the Basin Ponds moraine. These smaller ridges contain 
42 to 68 percent erratic pebbles (Table 1 ), even more than the 
Basin Ponds moraine. Moreover, these moraines lie downslope 
of the Basin Ponds moraine below Keep Ridge and below Little 
North Basin. These moraines are significant because they lie 
south and north of the three large east-facing cirques and could 
not possibly have been built by cirque glaciers. Thus, for several 
reasons, these smaller ridges were not formed by cirque glaciers 
that overrode the Basin Ponds moraine as suggested by 
Thompson (1961), but rather are recessional moraines built by 
the west margin of the continental g lacier as it receded 
downslope and eastward from the Basin Ponds moraine. 

Several closely spaced ridges that lie along the south slope 
of Mt. Katahdin (Fig. 2), where cirques are absent, are believed 
by Davis ( 1976) and Davis and Davis ( 1980) to be lateral 
moraines. These nearly continuous ridges extend for about 8 km 
and appear to descend in altitude from 730 m (2400 ft) in the east 
to 570 m ( 1850 ft) in the west. Caldwell et al. ( 1985) suggested 
that these ridges are kame terraces. However, the ridges are 
composed of till and many erratics, some with striated and 
faceted faces, recovered from pits dug in the ridges. The high 
percentages of erratic pebbles (Table 1), including red slate not 
found higher on the mountain, indicate that the ridges were built 
by a tongue of continental ice flowing around Mt. Katahdin. 
Caldwell identified these red erratics as derived from the Capens 
Fom1ation, a Silurian red and green slate that crops out about 30 

km due west and about 80 km northwest of Mt. Katahdin 
(Caldwell and Davis, 1983, p. 84). These erratics and the ab
sence of cirques on the south side of the mountain make the 
deposition of these ridges, whether they are lateral moraines or 
kame terraces, by local glaciers impossible (Davis, 1983). 

Near the mouth of Great Basin and South Basin, a hum
mocky landform named "Bears Den moraine" by Tarr ( 1900, p. 
442) encloses Dry Pond (Fig. 2). Tarr interpreted this feature as 
a late-Wisconsinan end moraine deposited by a cirque glacier 
flowing from South Basin. The landform is a depression sur
rounded by mounds rather than a continuous morainal ridge. 
The feature appears to have been cut by a postglacial stream, 
which concentrated large and rounded granitic boulders as a lag 
deposit by piping out fine particles. Thus, this landform offers 
no proof of cirque glaciation (Davis and Davis, 1980). 

Thompson (1961, p. 471) and Caldwell ( 1966, p. 55) inter
preted a smooth and subdued mound east of Chimney Pond as 
an end moraine deposited by a cirque glacier in South Basin after 
disintegration of the continental ice sheet. The mound is littered 
with many rounded granitic boulders as large as 3.5 m in 
diameter; only 2 percent of the pebbles are erratic. However, the 
mound has neither a ridge form like the Basin Ponds moraine nor 
is it arcuate, and thus offers no proof of cirque glaciation. 

Blueberry Knoll at the mouth of North Basin (Fig. 8) has 
been interpreted as an end moraine of a cirque glacier (Caldwell, 
1966, p. 53) and as a rock glacier deposit (Thompson, 1961, p. 
472). The knoll is covered by till composed mainly of granitic 
boulders as large as 3 m in diameter, but the pebble fraction is as 
much as 16 percent erratic (Table I). Although the upper part of 
North Basin displays transverse furrows and ridges, conical pits, 
and a fan-like lobe diagnostic of rock glaciers described by 
Wahrhaftig and Cox (1959), Blueberry Knoll does not exhibit 
these features. Seismic profiles show an average thickness of 
about a meter of till over bedrock on Blueberry Knoll, but a much 

Figure 8. North Basin cirque floor. View to the east from Hamlin Peak. 
Arrow points to Blueberry Knoll. Water bodies from west to east 
include an unnamed pond, upper Basin Pond, Depot Pond, Whidden 
Ponds, Sandy Stream Pond, and Katahdin Lake. 
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greater thickness of till on the adjacent cirque floor (P. T. Davis, 
1976; unpublished data, 1977). Therefore, Blueberry Knoll is 
not an end moraine, but is most probably a bedrock high capped 
by ice sheet till. 

The only genuine, indisputable moraines lie outside the 
cirques of Mt. Katahdin. No lateral and looped end moraines lie 
on cirque floors (Davis, 1976, p. 46); rather the cirques contain 
only formless till that is overlapped by bouldery talus and 
protaJus ramparts that do not extend far from steep valJey walls. 
A suggestion that ridge-like deposits in cirques have been sub
dued by erosion (Thompson, 1961, p. 471) is inconsistent with 
the excellent preservation of the Basin Ponds moraine and other 
lateral moraines on Mt. Katahdin (Fig. 4). The speculation by 
Tarr (1900) that moraines lie hidden beneath dense forest does 
not hold for North Basin, the floor of which is nearly devoid of 
vegetation. Indeed, Davis ( 1976) made many traverses across 
all cirque floors with air photos in hand, but did not find morainal 
ridges in any cirque basin. Caldwell 's ( 1972, Fig. I) map exag
gerates selected drift ridges on cirque floors by ignoring 
hundreds of other hummocks within and outside the Mt. Katah
din cirques. 

Discussion 

Caldwell et al. ( 1985, p. 55) suggested that Northwest Basin 
has a different deglacial history than the east-facing cirques on 
Mt. Katahdin. However, taking into account its relatively small 
size appropriate to its somewhat lower altitude, Northwest Basin 
had a large potential accumulation area for reception of 
"blowover" snow, and its northwest aspect favored a low rate of 
ablation. Caldwell et al. (1985, p. 55) also suggested that a 
marine calving bay to the east could have provided precipitation 
sufficient to reestablish mountain ice at Mt. Katahdin. Although 
calving bay dynamics could partly explain readvances of 
lowland continental ice (Thomas, 1977), probably no combina
tion of increased precipitation and wind-drifted snow could have 
compensated for the dramatic rise in temperature that pushed the 
snowline hundreds of meters above cirque floors at Mt. Katahdin 
during ice sheet deglaciation (Davis, 1976; Davis and Davis, 
1980). Thus, all erosional and depositional evidence on Mt. 
Katahdin suggests that post-ice sheet, mountain glaciation did 
not occur on Mt. Katahdin. All of the erosional features, drift, 
and moraines are most readily accounted for by the sequence of 
ice sheet glaciation and deglaciation following the last sig
nificant mountain glaciation. 

EVIDENCE FOR ICE SHEET OVERRIDING 
MT. KAT AHDIN 

Goldthwait ( 1970) summarized evidence for continental ice 
overriding the highest summits in the Presidential Range (Fig. 
1) of the White Mountains in New Hampshire: ( 1) stoss and lee 
forms on bedrock exposures, (2) fresh, polished, and striated 
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bedrock surfaces, (3) fresh erratics in drift, and (4) weakly 
developed soils. On Mt. Katahdin similar evidence suggests that 
the highest summits were also inundated by continental ice. 
Stoss and lee forms and far-traveled, north-derived erratics lying 
within 45 m of Baxter Peak (Fig. 2) show that Mt. Katahdin was 
overridden by a continental ice sheet at some time in the past 
(Tarr, 1900; Antevs, 1932; Davis, 1976, p. 69). Moreover, the 
freshness of erratics and polished bedrock surfaces on Mt. 
Katahdin, the thinness and poor development of soils, and 
theoretical ice profiles extrapolated back from recessional ice 
positions on the Maine coast indicate that a late Wisconsinan ice 
sheet buried Mt. Katahdin (Davis, 1976, p. 69-75; Davis, 1978, 
1983). This evidence for ice sheet overriding of Mt. Katahdin, 
probably during the late Wisconsinan, refutes the nunatak 
hypothesis and is summarized below. 

Grooves, Striations, and Stoss - Lee Forms 

Hitchcock ( 1861 , p. 387) did not observe striated or polished 
surfaces on the summit areas of Mt. Katahdin, therefore he 
concluded that the mountain had never been overridden by a 
continental ice sheet. Although preservation of striated and 
polished surfaces might not be expected due to intense physical 
weathering in an alpine environment, Davis (1976) noted an 
undulatory, grooved, glacially abraded surface not related to any 
joint plane in the bedrock on Cathedral Ridge arete at about 1400 
m altitude. Although Hitchcock ( 1861, p. 388) noted that the 
northwest side of Mt. Katahdin resembles a large stoss slope and 
the southeast side appears to be a jagged lee slope, he passed off 
these observations as coincidental. The shapes of these surfaces 
could be primarily controlled by the underlying resistant 
granophyric rock capping the Katahdin pluton (cf. Hon, 1980). 
Alternatively, the steep headwalls of the three east-facing cirques 
on Mt. Katahdin could owe their origin in part to ice sheet erosion 
(T. Hughes, pers. commun., 1976). The same glacier basal
freezing and regelation mechanism of Boulton ( 1974, 1975), 
used to address erratic distributions on cirque floors earlier in 
this paper, could explain much of the cirque headwall erosion by 
subglacial cavitation processes during ice sheet overriding. 
Likewise, sharp aretes preserved from pre-late Wisconsinan 
cirque glaciation could also be freshened by an overriding ice 
sheet. 

Drift and Erratics on Summits and Table Land 

De Laski ( 1872), Hamlin ( 1881 ), Tarr ( 1900), Antevs 
( 1932), and Davis ( 1976) found unmistakable erratics near the 
highest summit of Mt. Katahdin, Baxter Peak, and concluded 
that at some time in the past a continental ice sheet overrode the 
massif. Caldwell (1959, 1966, 1972) did not find definitive 
erratics on the summit areas of Mt. Katahdin, but did find 
non-granitic stones on the summits of some of the lower moun
tains in the region. Although Caldwell and Hanson ( 1982) once 
believed that Mt. Katahdin was overridden by continental ice, 
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Figure 9. Erratic stones found on the Table Land's north slope of Baxter 
Peak, Mt. Katahdin. (a) Faceted, striated clast of dark gray, mass ive 
shale. (b) Well rounded clast of talc schist, perhaps derived from more 
than 200 km distance in Quebec. ( c) Striated clast of fossiliferous brown 
siltstone, pro.bably derived from the Seboomook Formation at least 50 
km to the northwest. (d) Rounded clast of metalliferous hematite, also 
possibly derived from as far away as Quebec. 
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Figure 10. Striated, faceted, erratic stone of fossiliferous brown 
siltstone shown in Figure 9c. Found near the Saddle, Mt. Katahdin, 
probably derived from the Seboomook Formation. 

they now feel that a ll the erratics on the broad upland of Mt. 
Katahdin are only xenoliths eroded from the summit granophyric 
facies (Caldwell and Hanson, 1986). They suggested that a ll of 
these erratics represent a sing le rock unit, the Matagamon 
Sandstone, which they feel was probably intruded by the 
Devo nian Katahdin pluton. 

However, many of the erratics found on Mt. Katahdin 
between the Saddle and Baxter Peak (Fig. 2) represent rock types 
other than the Matagamon Sandstone, and many show definite 
s igns of g lacial abrasion. Examples of four erratic cobbles (6 to 
I 0 cm long axes) are shown in Figure 9. Figure I 0 displays both 
the broken face (a) exposing a rich fauna of brachiopods and the 
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Figure 11. Erratic clasts found in till near the Saddle, Mt. Katahdin. (a) 
Bullet-shaped, striated, faceted clast ( 16-cm long axis). (b) Faceted 
clast ( 13-cm long axis) of pitted, light gray, fissile shale. 
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Figure 12. Striated, faceted, erratic clast of layered sedimentary rock 
found 100 m northwest of Baxter Peak, perhaps derived from the 
Matagamon Sandstone. 

smoo th face ted side (b ) of the e rrat ic cobble from the 
Seboomook Formation shown in Figure 9c. In Figure 11 a the 
bullet-shaped, striated, faceted clast ( 16 cm long axis) appears 
to be derived from the same rock type as theclast shown in Figure 
9a. The faceted clast (13 cm long axis) of pitted, light gray, 
fissile sha le shown in Figure 11 b does not exhib it any sign of 
metamorphism that one might expect from a xenolith weathered 
from a chilled zone of country rock overlying a granitic pluton. 
Figure 12 also exhibits a cobble of gray si ltstone with a "glacial 
shape" and sedimentary layering exposed on a broken face (a), 
and tiny brachiopods displayed on the striated, faceted surface 
(b). This cobble could have been derived from the Matagamon 
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Figure 13. Large erratic cobble of lichen-covered, rounded quartzite, 
found within a block field about 50 m north of Baxter Peak. 

Sandstone, and its shape and surface features suggest glacial 
transport. Although larger erratics were observed by Davis 
( 1976) on the uplands of Mt. Katahdin, the largest retrieved was 
a 7-kg cobble (18 x 12 x 12 cm) of lichen-covered, rounded 
quartzite (Fig. 13), found within a block field about 50 m north 
of Baxter Peak. Although all stones at the surface of block fields 
on Mt. Katahdin are heavily covered with lichen growth, the 
erratics are generally more rounded than are the dominant 
granitic blocks, and therefore easily distinguished. 

Erratic stones in the pebble fraction (2 to 5 cm long axis) of 
till exposed in trail-cuts and in burrow pits on the uplands of Mt. 
Katahdin only range from 5 to 11 percent (Table I); however, an 
overriding ice sheet was probably eroding and entraining 
primarily granitic material across the Katahdin massif. Also, as 
pointed out by Caldwell et al. ( 1985), a large portion of ice-sheet 
flow should have been around Mt. Katahdin rather than across 
the top. Indeed, Lowell (1985), Kite et al. ( 1981), and Hyland 
( 1981, 1986) summarized striation data from lowlands north and 
west of Mt. Katahdin that support divergent ice-sheet flow 
around the mountain. However, many of the stones in the pebble 
counts also reveal striated, faceted surfaces, and thus testify to 
an ice sheet overriding Mt. Katahdin at some time. 

Although glacial erosional features and glacial drift includ
ing erratics provide clear evidence for ice-sheet overriding of 
alpine areas, other geological evidence is less definitive. For 
example, block fields and related mountain-top detritus (felsen
meer), tors and related weathering forms, soil profiles with 
extensive clay mineral development, and chemical weathering 
of bedrock and debris are open to multiple interpretations which 
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follow (E. Dahl, 1955; R. Dahl, 1966a,b, 1967; Ives, 1958a,b, 

1966). 

Block Fields 

E. Dahl (1955) and Ives (1957, 1958a,b, 1966) suggested 
that block fields require a long time to develop, and therefore are 
indicative of alpine areas that have remained ice-sheet free 
throughout the late Quaternary glaciations. However, R. Dahl 
( 1966a, b, 1967) found erratics within block fields in the Narvik 
Mountains of northern Norway, and suggested that either the 
block fields have been overridden by continental ice or, more 
probably, that block fields had developed rapidly during postgla
cial time. 

Block fields are found over much of Mt. Katahdin, from the 
summits to the floor of North Basin (Fig. 2). The angular 
character of the blocks on Mt. Katahdin is due in part to the 
well-jointed granitic bedrock. In addition, many forms of pat
terned ground are common both on the Table Land and on the 
floor of North Basin, and include sorted circles, polygons, nets, 
stripes (block streams), and steps (block terraces), as classified 
by Washburn ( 1980). 

Although block fields and patterned ground occur on the 
floor of North Basin at altitudes as low as 950 m (Fig. 8), the 
best-developed forms appear on the Table Land at altitudes 
between 1300and 1500m(Figs.14, 15, 16, 17). The character 
of block fields and patterned ground on the Table Land is a 
function of altitude, slope angle, and underlying bedrock struc
ture. The effect of slope angle on block fields and patterned 
ground is well-illustrated on the northern slope of Baxter Peak 
(Fig. 2). The best developed sorted polygons and most highly 
concentrated block fields occur on slope angles of less than 5°, 
with polygon lengths ranging between 4 and 12 m and widths 
between I and 6 m (Fig. 14). Elongated polygons and sorted 
stripes are characteristic of steeper gradients between 5° and l 0° 

Figure 14. Sorted polygons at an altitude of 1350 m on the north slope 
of Baxter Peak, Mt. Katahdin. View is looking east. 
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Figure 15. Sorted stripes (block streams) at an altitude of 1330 m on 
the northeast slope of Baxter Peak, Mt. Katahdin. View is looking north 
across Great Basin. 

Figure 16. Block terrace at an altitude of 1480 m on north slope of 
Baxter Peak, Mt. Katahdin. Note rucksack at center of photograph for 
scale. 

(Fig. 15). In these areas polygons extend to 25 min length and 
10 min width. Finally, sorted steps (Fig. 16) occur along planes 
of structural weakness in the bedrock. Slope angles also appear 
to have some influence on the size of blocks comprising these 
features. Slope angles less than 10° are generally characterized 
by angular blocks less than 50 cm long (Fig. 17), whereas 
gradients exceeding I 0° concentrate blocks more than 6 m long 
(Fig. 16). Large rounded to subrounded erratics occur at all 
elevations on the Table Land, in both block fields and till. 

Dating by relative degree of block field and patterned 
ground development is useless on Mt. Katahdin. Well-sorted 
polygons were found on the Table Land and on the rock glacier 
at the head of North Basin (Fig. 18). However, pits dug on the 
Table Land did not reveal contacts between till and block fields, 
although erratics were found mixed within the block fields. The 
survival of block fields and patterned ground under overriding 

Figure 17. Block field at an altitude of 1360 m on northeast slope of 
Baxter Peak above Cathedral Ridge, Mt. Katahdin. Cairn is one meter 
high. 

Figure 18. View to northwest of upper part of North Basin, with vertical 
cliff on right side of headwall and fan-shaped, fossil rock glacier on 
cirque floor below headwall. 

"cold-base" ice is a possibility (cf. Sugden, 1977, 1978). How
ever, the occurrence of well-formed block fields and patterned 
ground on a rock glacier (Fig. 18), which must have been active 
during the early postglacial, implies that the block fields and 
patterned ground have developed since late Wisconsinan 
deglaciation. 

Rock Weathering and Soil Development 

The degree of weathering of granitic boulders has been used 
to determine glacial chronologies in the Arctic (cf. Birkeland, 
1978) and in the alpine environment (cf. Birkeland, 1973). 
However, on Mt. Katahdin grussified granitic boulders are found 
everywhere, including on the Table Land, in South Basin, on 
Blueberry Knoll, and on the Basin Ponds moraine. Perhaps the 
weathered grus on Mt. Katahdin is common in part because of 
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the open-framework, coarse-grained, easily weathered texture of 
the lower Doubletop facies of the Katahdin granite (cf. Hon, 
1980). In any case, such a distribution of weathered granitic 
boulders does not provide even a relative age differentiation for 
glacial deposits on Mt. Katahdin. 

However, limited chemical weathering of exposed bedrock 
and erratics may provide evidence for late Wisconsinan ice sheet 
glaciation of the uplands of Mt. Katahdin. Surface pitting and 
weathering rind development is incipient on the granophyric 
bedrock and boulders on the Table Land. Moreover, erratic 
cobbles on the Table Land are fresh in appearance, with nearly 
nonexistent weathering rinds. For example, the slab cut from the 
erratic quartzite cobble shown in Figure 13 does not exhibit more 
than a I -mm thick weathering rind on its rim. Typical weather
ing rind thicknesses on granitic rocks in alpine environments of 
the western United States and in Arctic Canada are on the order 
of I to 2 cm thick for pre-late Wisconsinan age glacial deposits 
(Birkeland, 1973; Locke, 1985). Also, surface weathering pit 
depths may commonly reach 10 to 15 cm for these older deposits, 
whereas on Mt. Katahdin weathering pits are minimal. Thus, 
rock weathering of granitic rocks on the Table Land supports a 
late Wisconsinan age for ice sheet overriding. 

Preliminary data from three soil profiles exposed in pits dug 
on the Table Land (Table 2) also suggest that little weathering 
has occurred on the summit areas of Mt. Katahdin since deglacia
tion. Testifying to the youthful development of these soils are 
the following: I) soil oxidation depths less than 50 cm; 2) thin 
(less than 12 cm) and poorly developed humic (A) horizons 
(grayish, yellow-brown, dry Munsell colors); 3) lack of either 
cambic (color) or argillic (textural) B horizons (dull, yellow
orange, dry Munsell colors), with less than a 2 percent increase 
in clay relative to the humic horizons or parent material , and 
weak, single-grained structures. In contrast, typical late Wiscon
sinan soil profiles in arctic and alpine environments should have 
much greater oxidation depths, much thicker and better 
developed, brownish black humic horizons, redder and more 

TABLE 2. GENERALIZED SOIL PROFILE DATA FOR THREE 
SITES ON TABLE LAND, MT. KATAHDIN. 

Site1 Depth( cm) Horizon2 Dry Munsell Color Clay % Structure 

0-10 A 10 YR 5/2 6.5 single-grained 
10-18 C lox 10 YR 6/4 10.3 
18-50 C2ox IO YR 6/4 8.5 
50-56+ Cn IO YR 5/4 5.0 

2 0-8 A IO YR 5/2 7.7 single-grained 
8-15 C l ox 10 YR 6/4 10.2 

15-38 C2ox IO Yr6/4 8.9 
38-5 1+ Cn 10 YR 5/4 6.3 

3 0-1 2 A 10 YR 5/3 8.8 single-grained 
12-44 Cox lOYR 6/3 10.6 
44-62+ Cn 10Yr 5/3 7.9 

See Fig. 2 for locations of soil pit sites. 
2Follows nomenclature of Birkeland ( 1984 ). 
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clay-rich subhumic horizons, and subangular to angular blocky 
structures (Birkeland, 1973, 1978). Perhaps more detailed 
analyses of clay minerals by X-ray diffraction (Birkeland, 1984) 
or of hornblende etching by microscopy (Locke, 1979) could 
reveal better developed weathering characteristics; however, 
these preliminary soil data argue for a late Wisconsinan glacia
tion of the Table Land. 

Theoretical Ice-Surface Profiks 

A theoretical ice-surface profile constructed from esker data 
in Maine by Shreve (l985a,b) suggests that Mt. Katahdin was a 
nunatak, with the late Wisconsinan ice margin only reaching to 
about 1100 m. However, there are no geomorphic features on 
Mt. Katahdin that relate to an ice margin at this altitude. Also, 
Shreve ( l 985a, p. 639) assumed that the entire length of the 
Katahdin esker system formed simultaneously. Such an assump
tion may be erroneous, as continental ice in Maine likely under
went deglaciation by stagnation-zone retreat (Koteff, 1974). 
Thus, morphosequences (Koteff and Pessl, 1981) of eskers and 
other ice-contact deposits were probably laid down sequentially, 
rather than simultaneously, as the ice margin retreated. A few 
hundred years may have been required to build the Katahdin 
esker system by segments, with the entire length never undergo
ing subglacial flow at any one time. Therefore, Shreve's 
(1985a,b) ice-surface profile reconstruction may be a minimum 
reconstruction by several hundred meters where it passes near 
Mt. Katahdin. Thus, the age of ice-sheet overriding of Mt. 
Katahdin can not be firmly established from field data. 

An alternative theoretical ice-surface profile (Fig. 19) sug
gests that continental ice covered Mt. Katahdin at least during 
the late Wisconsinan maximum. Figure 19 shows an ice-surface 
profile constructed to depict reasonable crustal, topographic, and 
glacial parameters. The profile is constructed along a flow-line 
that trended from Mt. Katahdin to Frenchman Bay (Fig. I), 
where the late-Wisconsinan ice margin stood about 12,700 yr 
B.P. (Thompson and Borns, l 985a), based on field data by Borns 
( 1973), Smith ( 1982, 1985), Thompson ( 1982), and Thompson 
and Borns ( l 985b ). The ice-surface profile is conservative in 
estimating ice thicknesses because a "warm-base" with a 0.7 bar 
shear stress is assumed. The ice-surface profile is also conser
vative in ice thickness approximations because the continental 
ice sheet was far more extensive at the maximum Wi sconsinan 
about 18,000 yr B.P., when the ice margin extended well out onto 
the continental shelf (Fig. I). Thus, although the ice-surface 
profile reconstruction suggests that the ice sheet was about 400 
to 500 m thick over Mt. Katahdin 12,700 yr B.P., the ice sheet 
was probably much thicker during the maximum late Wiscon
sinan. 

More sophisticated ice-surface profiles constructed by 
Borns and Hughes ( 1977), Hughes ( 1981 ), Fas took and Hughes 
( 1982), Hughes et al. (1985), and Hy land ( 1986) also suggest 
that Mt. Katahdin was covered by continental ice during late 
Wisconsinan time. In contrast, ice-surface profile reconstruc-
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Figure 19. Late Wisconsin ice-surface profile along N20°W transect from Frenchman Bay to north of Mt. Katahdin (see Fig. I for 
location). This parabolic profi le is derived from the empirical formula hm = 4.0 x in, where hm is the thickness of ice in meters (Nye, 
1952, p. 529). This formula assumes a glacier basal shear stress of 0.7 bar, characteristic of a "warm-base" glacier. The profile also 
provides a correction fac tor for bedrock topography (Nye, 1959, p. 502). The dashed line profile and blank topographic blocks 
represent an undepressed crust. The solid line profile and shaded topographic blocks s imulate an isostatically depressed crust. 
Elliptical ice-surface profiles derived from empirical formula in Paterson (I 972, p. 889; 1981) also show Katahdin covered with ice 
during the late Wisconsin. 

tions for the Laurentide ice sheet in the western Canadian Arctic 
(Beget, 1987) and in the middle part of the United States (Beget, 
1986; Clayton et al., 1985) suggest far lower basal shear stresses 
than the 0.7 bars applied in Figure 19. However, in these areas, 
underlying bedrock and debris are more clay-rich, thereby more 
easily deformed or more prone to increased subglacial pore 
pressure (Boulton and Jones, 1979) than is terrain underlying a 
continental ice sheet in Maine. 

Discussion 

Caldwell and Hanson (1986) suggested a complex explana
tion for erratic stones on the summit areas of Mt. Katahdin 
involving weathering of xenol iths from the granophyric caprock. 
However, striated, faceted erratic clasts up to 30 cm long derived 
from a variety of sources to the north, some probably as far away 
as Quebec, have been found within till and block fields on Mt. 
Katahdin's Table Land. Many of these erratics are fresh and 
unweathered, suggesting a late Wisconsinan age of ice sheet 
glaciation. Stoss and lee forms on the uplands of Mt. Katahdin 
are open to various interpretations; however, granophyric 

bedrock and boulders are generally fresh without marked surface 
pittinr r-: thick weathering rinds and, thus, are also suggestive of 
a late Wisconsinan age. Although block fields are usually not 
useful for estimating ages for deglaciation of alpine areas, on Mt. 
Katahdin the presence of well-developed patterned ground on a 
fossil rock g lacier, which was certainly active during the waning 
phases of deglaciation, suggests that block fields may have 
developed rapidly during postglacial time. Moreover, soils are 
far too weakly developed on the Table Land to suggest any age 
older than the late Wisconsinan. Most theoretical ice-surface 
profiles constructed for Maine show Mt. Katahdin covered by 
continental ice from the late Wisconsinan maximum well into 
the deglacial cycle about 13,000 yrs B.P. Erratics found on the 
summit areas of Mt. Katahdin by De Laski (1872), Hamlin 
( 1881), Tarr (1900), Antevs (1932), and Davis (1976) require 
"overtopping by continental ice" (Flint, 1971, p. 596). Relative 
dating methods which employ rock weathering and soil profile 
studies suggest that an ice sheet overrode Mt. Katahdin during 
the late Wisconsinan. Although numerical dating of deglacial 
events in alpine areas is difficult to interpret (Davis and Davis, 
1980), theoretical models may be useful complements to field 
data. 
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SUMMARY AND THE NUNAT AK HYPOTHESIS 

Cirques were carved prior to the last overriding of Mt. 
Katahdin by a continental ice sheet. Sharpness of aretes and 
steepness of cirque headwalls are not necessarily diagnostic of 
post-ice sheet cirque glaciation. Rather, well-preserved roches 
moutonnees and drift with striated, faceted erratics on cirque 
floors suggest that an invading ice sheet was the last ice to occupy 
the cirques of Mt. Katahdin. All moraines on Mt. Katahdin occur 
outside the cirques and mark ice sheet margins during late 
Wisconsinan deglaciation. 

Unweathered erratics of northern provenance, generally 
unweathered bedrock and boulders, and weakly developed soils 
on the Table Land, along with theoretical ice-surface profiles, 
suggest that Mt. Katahdin was overridden by an ice sheet during 
the late Wisconsinan. The occurrence of erratics in block fields 
and the preservation of patterned ground on cirque floors suggest 
that these features may have developed during postglacial time. 
Thus, Mt. Katahdin does not provide any supporting geological 
data for the nunatak hypothesis. 
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