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EXPANDED JOINTS AND OTHER PERIGLACIAL PHENOMENA 
ALONG .TIIE NIAGARA ESCARPMENT 

Abstract 

The crest of the Niagara escarpment from Fayette county, Iowa southeastward into Carroll county, Illinois 
is. dotted with small sinkholès .. The face of the escarpment is mantled with cryoturbates and the foot of it · 1ocally 
is fringed . by solifluction · aprons. 

Those of the sinkholes which are open give access to deep, narrow fissures partly filled with pieces ·of shat­
tered dolomite .. The fissures were procluced by the development of ice wedges in joint openings parallel with the 
local face of the èscarpment and the resultant displacement of joint-bounded dolomite blocks outward across 
the top of the Maquoketa shale. 

· Severa! feet of broken, disturbed dolomite are visible above the bedrockand below the soil in many expo­
sures along the Niagara -escarpment. In sqme places, this "head'' has moved downslope by solifluctipn and has 
accumulated ,at the base of the escarpment as. terrace-like jumbles of blocky material. The finer constituents 
occasionally have be~n piped oui 'or these solifluction aprons, leaving small, cavernous openings among the 
blocks. 

Periglacial phenomena in Wisconsin are restricted to drifts of pre-Valder_an ages; they are common in 
areas invaded by Rockian ice. This, together with the presence of Woodfordian drifts on three sides of the Nia­
gara Escarpment- area in .Iowa, Wisconsin, _and Illinois, suggests that the expandedjoints and other periglacial 
phenomena developed in Woodfordian time. 

INTRODUCTION 

For many years, cave explorers havè been aware of the numerous small 
openings which occur along the crest of the Niagara escarpment in Iowa 
and in adjacent portions of Illinois and Wisconsin. These fissures rarely 
extend more than 100 feet, laterally~ between the furthest limits of human 
accessibility. They tend to be drab in color and to be barren of travertine 
deposits. Many, however, are deeper and of greater technical difficulty than 
are most other _caves of the Driftless Hill .Land. Consequently, they have 
attracted the attention of persons interested in underground mountaineering. 

The .internal morphology of these openings is conspicuously . diff erent 
from that of mostother caves in the region. High, narrow, ru}Jble-choked, 
they r;uely contain evidence either of solutional erosion or of solutional 
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deposition. Howard (1963, pp. 63-64), in the only formai discussion of 
them which has ·thus far been published, sought to interpret them as portions 
of a dynamic karst landscape. He postulated that rapîd groundwater circu­
lation from the loess- and drift-mantled, gently-rolling Niagara cuesta towards 
the strongly-dissected, retreating face of the Niagara escarpment leads to 
their ongoing, non-cyclic development. This "stream piracy" thèory, that 
cavern development occurs as a result of locally steep water-table gradients 
brought about by the (geologically) sudden shifting of surface drainage <li­
vides, is set forth in detail by Woodward (1961). 

For a number of reasons, Howard's solutional hypothesis fails satis­
factorily to provide an explanation of the development of the fissures. Nor 
can a solutional hypothesis encompass the minor stratigraphie and relief 
features associated with the fissures along the Niagara escarpment. The 
ubiquitous mantle of "head", the solifluction aprons with their piped-out, 
cavernous interiors, the thermoclastic talus of the retreatal gorges, all these 
and the fissures, too, cry out their allegiance to environmental conditions 
now changed and to geomorphic processes no longer effective in this region. 

lt has corne to be realized during the last two decades that the Driftless 
Hill Land arid adjoining portions of the Upper Mississippi Valley region 
display a variety of relict physiographic features which developed under 
the influence of periglacial climates accompanying the incursions of the 
Wisconsinan and earlier ice sheets. Straw (1966) recently proposed a peri­
glacial origin for the fissures, "head" mantle, and solifluction aprons which 
occur along the Niagara. escarpment in Grey county, Ontario. Extending 
the periglacial hypothesis to the fissures and to the associated minor relief 
and stratigraphie features of the Niagara escarpment in the Driftless Hill 
Land, as is done in the following pages, permits the origin of these pheno­
mena to be encompassed within a theory of landscape modification already 
known to have applications within this region. 

GEOGRAPHY 

LOCATION 

Niagaran rocks in northeastern Iowa first emerge from beneath overlap­
ping younger formations near the common boundary of Winneshiek and 
Fayette counties. From ther,e for over 125 nliles into Stephenson· county, 
northwestern IUinois the ragged edge of these and of th.e subjacent Alexandrian 
dolomites form an east- and north-facing escarpment along the western 
and southern margins of the Driftless Hill Land (Trewartha and Smith, 
1941, pp. 43-44). Residual '·mounds" capped by Silurian dolomites per-
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sist in southwestern Wisconsin in Grant (Sinsinawa mound), Lafayette (Platte 
mounds), and Dane (Blue mounds) counties. 

STRATIGRAPHY 

Four units comprise the pre-Pleistocene stratigraphy of the Niagara 
Escarpment area. In ascending order, these are: (1) the Maquoketa formation 
(plastic and fissile shales, dolomite, and limestone) of Upper Ordovician 
(Cincinnatian) age, of which only the uppermost plastic member (Brainard, 
or Upper Maquoketa) is of present interest; (2) the Edgewood formation 
(thick-bedded dolomite with nodular ,chert, locally in Fayette county a crys­
talline limestone) of Lower Silurian (Alexandrian) age; (3) the Kankakee 
formation (thin-bedded dolomite with much bedded chert) of Lower Silurian 
(Alexandrian) age; and (4) the Hopkinton formation (heavy-bedded to mas­
sive, fossiliferous dolomite, rarely with nodular chert and with massive chert 
only in extreme southwestern Clayton county) of Middle Silurian (Niagaran) 
age. The Edgewood in Dubuque county (Brown and Whitlow, 1960, 
pp. 31-44) and both the Edgewood and the Kankakeè in west~rn Illinois 
(Willman and Reynolds, 1947, pp. 7-8) have been subdivided, as has 
the Hopkinton in Jackson county (Sa vage, 1905, pp. 609-619). 

The Hopkinton is rarely seen in the face of the escarpment, although 
in wells and other artificial exposures it is often found to be present as a thin 
cap on the salients and as a thicker mass a few thousands of feet back from 
the scarp crest. The Maquoketa is exposed only in the floors and banks of 
gullies cutting up the face of the escarpment; its presence is everywhere be­
trayed by the less steeply-sloping lower portion of the (topographie) Niagara 
escarpment, across which numerous blocks of dolomite have been strewn 
by frost heaving and by solifluction. The tattered margins of the two Ale­
xandrian formations are those which in most places comprise the "Niagara" 
escarpment in this region. 

Pleistocene deposits in the Niagara Escarpment area will be described 
later when the ages of the periglacial features are discussed. 

STRUCTURE 

All Paleozoic rocks in the southwestern part of the Driftless Hill Land 
dip south and west from the Wisconsin dome towaxd the Illinois and Forest 
City basins at an average inclination of about 20 feet per mile (Trowbridge, 
1934). A few local structures are present in the area of the Niagara escarp­
ment, notably the Savanna-Sabula (Preston) anticline, which trends east 
and west through those cities. The Savanna-Sabula anticline has a maxi­
mum dip on the steeper (northern) flank of 40 feet per mile. 
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Two east-west anticlines comparable in: size td the· Savanna.;Sabula anti­
cline and , man y smaller · structures · were mapped in ·the· Ordovician rocks 
of the zinc~lead district by Heyl, et- al. (1959}. · These or other, similar, di­
sturbances may have affected the Niagara · Escarpment area. A féw broad, 
shallow folds within the Niagara cuesta in Iowa were mapped by Howell 

' C; 

(1935), using the top of the St Peter sandstone as a datum·plane. The scar.; 
city of well records a:nd thé presence of settled blocks at; many points along 
the face· of the escarpment have prevented more-detaîled structural· inves­
tigations in this area. 

TOPOGRAPHY 

The Niagara escarpment forms the southern and western boundaries 
of the Driftless .Hill Land (Trewartha and Smith; 1941, pp. 43-45). To 
the north and east lies a predominantly erosional topography, developed 
on indurated pre-Pleistocene ·rocks, the local relief of which · often -is ineasu­
reable in hundreds of feet. To the south and west is a region of drift-mantled 
to drift-depositional topography where local relief rarely éxteeds 200 feet. 

West of Dubuque, the -Niagara escarpnient is a monolithic barrier. · Its 
summit stands 600 feet above thè alluvial floor or thé Mississippi· trench, 
being everywhere nearly 1200 feet AT. There are no gaps through it below 
1000 feet · AT. The rise of the cuesta is virtually imperceptible' when viewed 
from the gently-rolling Kansan drift pÎain. As seen from the Driftless Hill 
Land, however, the scarp rises sharply two to three· hundred feet above the 
Galena plateau. · 

The dedining structural elevation of the cuesta sou th of Dubuque brings ~ 
the crest of the escarpment 'dowrt to about 900 feet AT in the vicinity of Sa­
bula. To the ·east, in northwestern Illinois and southwestern Wisconsin, the 
Niagara cuesta is reduced to a multitude of outliers, some sinuous, others 
digitate, still othersin the·forrtl of typical, corücal mounds. Summit elevations 
east üf the Mississippi range from about 900 feet AT at Savanna upwards 
to 1241 feet AT on Charles Mound, Illiriois and culmina.te at 1719 feet AT 
on . west Blue. Mo und, Wisconsin, dependîng upon the structural elevations 
of the individual remnants. The main body of Silurian rocks in nortbern 
Illinois is concealed beneath younger formations in the Illinois basin. 

The irrimediate areà of the Niagara· escarpment includes four distinct 
topographie eléments: (l) the gently-rolling, ddft-mantled Niagara plateau, 
(2) the Niagara escarpment, (3) the Maquoketa apron, and ( 4) the disseéted 
Galena Plateau. 

The gently-rolling summit of the Niagara cuesta generally bas been con­
sidered to be a remnant of the summit (Dodgeville) peneplain of the Drift-
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less Hill Land (cf Bates, 1939, Fig. 4). However, outcrop and well-log data 
include very few bedrock elevations above 1100 feet AT throughout the 
Iowa portion of the cuesta. The only important exception is the large salient 
north of Holy Cross; which is set off sharply from the remainder of the cuesta 
by an abrupt rise to 1200 feet. The uniformly high elev~tion of the land west 
and north of this salient is owed largely to drift deposits 1 • 

The most common aspect of the Niagara escarpment is that of a den­
sely-wooded bluff inclined between 15° and 20° above the horizontal, near 
the top of which are discontinuous low outcroppings of disturbed, frost-riven 
dolomite. Cliff s more than 15 or 20 feet in height usually are found only 
where the retreat of cavern entrances has led to the development of deep 
re-entrant gorges within the escarpment, as at Dutton's Cave near West 
Union (Hedges, 1967). 

At the base of the escarpment lies a rolling meadow which often is littered 
with large blocks of "float" derived from the scarp face above. The meadow, 
which is underlain by an apron of Maquoketa shale, has a pronounced slope 
north and east toward the Galena plateau. Previously it, too, was forested 
(McGee, 1891: PL 22), but by now the White settlers and their descendants 
have cleared much of it. In the Dubuque South quadrangle, areas underlain 
by mapped Alexandrian rocks (the escarpment)' form slopes of 15° to 20° 
while areas underlain by mapp~d Maquoketan rocks (the meadow) form 
slopes of 8° to 12°. The. break in slope between escarpment and meadow is 
conspicuous. 

The transition from the Maquoketa apron to the Galena plateau is not 
especially striking. Level upland areas below the (topographie) Niagara escarp­
ment and above the rims of the inner gorges frequently are underlain not by 
the Galena, directly, but by a few feet to a few tens of feet of bevelled Maquo­
keta shale, as is well shown by Brown and Whitlow (1960, Pl. 1). lt is not 
until after one passes north of Turkey river that the plateau is developed 
predominantly on the Galena. For this reason (and others), Trowbridge 
(1914, p. 208) and some, but not all, other writers have referred to this plateau 
as the subsummit (Lancaster) peneplain. 

1 Consequently, it would appear better to extend the exhumed pre-Desmoinesian 
surface of Hedges and Darland (1963, Fig. 2) to the crest of the escarpment and to place 
the intersection of the projected pre-Desmoinesian and Dodgeville surfaces slightly north 
of the present scarp crest, except on the salient north of Roly Cross. A recent (unpublished) 
study of the subdrift topography of Maquoketa River valley shows that our earlier conclu­
sion· was incorrect: 
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PERIGLACIAL CLIMATE 

Areal extent of the periglacial climate 

A map of North America showing the "Hypothetical Life Zones of the 
Wisconsin Ice Age" was compiled by Dillon (1956, Fig. 11). Dillon's 
"tundra zone" encompasses all of the Driftless Hill Land, the adjacent ice­
-free portions of Wisconsin, Minnesota, and northern Illinois, and all but the 
extreme southwestern corner of the ice-free portion,oflowa. Brunnsch weiler 
(1962, 1964), also, postulates the form,er existence of a tundr.a climate througb­
out this region. The tundra zone, as mapped by Dillon, in the United States 
is essentially coterminous with the zone in which periglacial features are found 
(Smith, 1962, p. 336). 

Tundra conditions may not have existed far south of the Niagara escarp­
ment, l,iowever, despite thè extension of the glaciers hundreds of miles beyond. 
Frye and Willman (1958, p. 524) note: "Based on the foregoing data and 
the observations of Sharp (1942), permafrost existed for a relatively short 
time, and perhaps locally, adjacent to the margins of Wisconsin glaciers in 
northern Illinois, but became ineffective in central Illinois. It is judged that 
an arctic climate was not prevalent at the Wisconsin glacial border in its 
southernmost extent". They (p. 520) state that Frye and Leonard found 
relatively mild climatic conditions to have occurred in clo~e proximity to the 
glacier front during the maximum extent of both the Nebraskan and Kansan 
glaciations in their type region, also. 

The f orest beds 

At many places in Iowa, "forest beds" consisting of wood fragments and 
occasionally · other forest de bris occur immediately beneath drift sheets. The 
forest beds of the Des Moines lobe were ~tudied recently by R uhe and others. 
Ruhe and Scholtes (1959, p. 589) state: "It seems unreasonable to demand 
that the glacier ice, as it overrode the landscape, always incorporated old 
wood in its basal till. It seems more appropos to conclude that the Iowan ice 
overode a forested Iandscape ... '". Species identified include hemlock, larch, 
yew, and spruce (p. 592). ln the Scranton No. 1 exposure, tree stumps still 
are rooted in place. The trees were broken off toward the south. Black (1965, 
p. 218) mentions " ... that the Rockian ice advanc~d over a spruce forest ... ". 
There also is a forest bed below the Cary drift (R uhe, Ru bin, and Scholtes, 
1957, p. 681). 

From this, and from evidence in Ohio that living forests there were over­
whelmed by the advancing ice (Brunnschweiler, 1962, p. 16), one might 
be tempted to conclude that climatic conditions adjacent to the ice at glacial 
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maxima were boreal rather ·than tundra, even'in relatively northern areas of 
central United States. Thornbury was convinced of this (1954, pp. 414-
-415): "Undoubtedly many areas periphèral to ice· sheèts had temperàtures 
ip.any degrees lower than those that exist today in th~ s~me areas. However, 
remarkably' fe~ fo~tures ,vhich . c~p_ be' associated 'with 'tonner permanently 
frozen -grqund or intensified frnst rivinK have b~en describedin s1.1ch -~t~tes 'as 
Ohio,' fodianà, and Ülinois. The evidence seem~ to sugge~t rather that cÜmatic 
conditions 'inthose 'stat~s were not muçh more severe_ duringglacial Ù~es than 
at p"resent: Such poÜen analyse~ as have beenI11ade of bogs i~this part of the 
Ùnited St~tes inc:Ücate that ther~ wasno tundra __ belt pe,ripheral to, the ice 
sheets as seems. to have been true in central Europe. The evidenc,e _sugg~sts 
that.conifers gr~w ~ight up to the ice sheets. Probably the ,presencepfp'e[i~lactal 
features in Wisconsin, '.Pennsylvania, and Missouri,if ·tµçy be such, m~y be 
accounted· for by higher· altitudes of füe areas inwhich th~ periglaciàf features 
exist". Biàck, in ·a review o(recent periglacial studies in the U~ited States 

'. ' '. ' . . . . . ' . '. ·,, - . ' ' . , . ,·_ . '~ ' .·. : .· ( ' : ;· ( 

(1964b~ p. 21) tends t9 agrée that paleobotanic_ evidence does nqt support 
the concept of an extènsive tundra zone bordéring the ice slieets: "A series 
ofp~llen studies 1ndicâte. thât iast Wisco~sin: glaciatio~s _ did , n~t affect the 

,. • r · ' ', ' , , . ' 7 ' ·. ; _ , '; ' ' · ~ • ., ~ · . • .• • , • • · ·· · ~ ~ .. • -•· · : · : . r 

vegetationmuch beyond their Jermim in northcentral United States./'. 
1· • ' ' , ' < '. : , .- • : •,' ,; • • / ; • • ! ." • ~ ' .' . ' . 

', ' : • .· 1 • , , ' • :.. ;_ , : 

Geomorphic ind_icators of former periglacial cUniatë 
, . . ! 1 - ' • ··, • • ~ ' ! : .· ' . '. ·. . : :' . ( : ' . - , 

That perigl~ciàl fandf or~s -and ~oil . structur~s are, less extensively deve­
loped in North America than they, are .in Europe is 'freely ackn.owledged. 
Smith (1962, p. 336) attributes this difference in development to th,e difference 
in latitude between ice;.marginal Europe and ice-marginal North America. 
Be,caus~ glaciers extende<;l, much. furthet-south in North America than they did 
in Europe, "-it i-s not surprising tbat the zone of mqre severe periglaciaLcondi­
tions should :have been more restric~ed on the former- continent than on the 
latter,. with tighter squeezing of displaced climatic zones"_. There are no peri­
glaciçtl- features. in- central _North. America_ sou th. of the sputhern border of 
Wisconsinan and lllinoian_ drifts in Illinois,. and_ there, are none south of the 
southern border of Kansan and Nebraskan drifts in Missourj with the possible 
exception-of hill slopes in the·SL. François mountains, 

For more northerly areas of the .continent, however, an abundance of 
geomorphic. evidence is at hand showing that q,·- truly arctic, tundra climate 
has existed in the .past. This is particularly true, at high altitudes an_d, also, 
in the Driftless Hill Land where the presence of Wisconsinan ice of the Des 
Moines and Lake Mic4igan lobes on three sides ·of the region in post-Rockian 
time probably led to unusually severe dimatic conditions· there during the 
interval- from the Rockian advance to the Cary retreat. 
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The. initial. report of relict periglacial fefl.tures in north-central United 
States __ qua periglacial features was made by_ Sharp (1942);. who described 
soil iuyoJution~ .in northeastern IHinois. Since. that. time, many other geomor­
phic and pe<;lologic phenomena who$e origin.is owed to the former activi.ty of 
periglacial agencies have- been described a,nd several localities nJentioned in 
older literature have bet;:n re-interpreted as exhibiting periglacial effects ... 

Fossil ice wedges have been _des,c.çibed fron;1 southwestern Wisconsin 
(Black~ .1957,, 1961, 1964a, 1965; Black and .Wi_ttry,. 1959), from east 
central Iowa (Wilson, 1958; Ruhe and Scholtes, 1959, .p. 591; Ruhe, 
et al., 1965, p. 18), and from northern Illinois (Horberg, 1949; Frye and 
Willman, 1958). Involutions have been reported to occur in Kansan drift 
in southei:nJmva {O. M .. S.çhafer, 1_953;. Lees, 192_6, p., 335 cf Sharp, 
1942, p. 126) and it has been suggested that the planation of the Kansan drift 
surface in southern Iowa and northem Missouri was accomplished b; solifluc­
tion (Schrader and Hussey, 1953). Stone stripes and rock monuments in 
Wisconsin âre mentioned by füack (1964a, pp. 21 and 28; -l964b, p. 21). 
Smith (1949; p-.-2Ü} has ·suggèsted that the colluvial/alluvial tertaces of the 
Kickapoo (if Bates, 1939, pp. 870'2-876) were develbped undèr periglacïal 
conditïons. Deposits· in southwestemWisconsin• originally described by Sar­
des6n (1897) as the niotaines of a "local glaciation'-' were re-interpreted by 
Smith (I949, p.197) as snlifluctiôn flows. ;•' 

As suggested by Chamberlin (1897), it is. Ükely that the· ''local glàcial 
deposits" of Squire (1897, 1898, 1899, 1908) in western and southwestern 
Wisconsin also were produc~c:l. by solifluction, or by another extra-glacial 
process associated with glaciation. lt also seems likely that some of the north­
eastem Iowa features discu_ssed by. McGee (1891) might be re-:-interpreted as 
periglacial in origin, For instance, :bis figures nos. 53, 100, 101, 102, 103, and 
114 include layers,. re,semblil).g ''head". He states (p. 513): "The common 
situation. of such accumulations is in deep, steep-sided and tortuous valleys, 
transverse _or oblique to the directiôn of ice .flo.w and about the drift margin; 
and there are,few such valleys so

0
placed that are notat least partially lined with 

deposits of this çharacter" .. McGee's figures nos. 76 and 119 appear to 
portray-fossil ice .wedges. He remarked (p. 556). "It is noteworthy that such 
witness to the energy of, ice-work increase in number and in the eloquence of 
their testimony nothward ... " 

The ubiquitous loess deposits of central North .America are not usually 
considereq in discussions of periglacial geomorphology (Brun n s ch w e ile r' s 
papers are about the only exceptions). At least since the work of Shimek 
(cf 1895), however, they have been.recognized as being aeolian in origin and 
as having developed under former periglacial conditions. 

It is true that some ~'ice-wedge casts" are open to re-interpretation as soil 
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tongues (Yehle, 1954) and that some soil involutions are known to be relatively 
recent in age (Wright, 1961, p. 943). The witness of the shattered, entombed 
forests cannot be denied, nor can that of the bog pollen. Y et, the preponderance 
of the evidence permits of no othet explanation than the periglacial. I am 
confident that when more and better absolute dates are available for Pleistocene 
events in this region, and that when the meteorological values and the temporal 
spans of the several Pleistocene climatic phases have been firmly established, 
the apparent contradiction between the geomorphic and . the paleobotanic 
testimony will melt away. 

EXPANDED JOINTS IN THE NIAGARA ESCARPMENT 

PHYSIOGRAPHIC SEITING 

The principal subjects of this paper are the host of deep, narrow fissures 
which underlie small sinkholes dotting. the crest of the Niagara escarpment. 
These fissures, literally "expanded joints", occur only along the margins of 
bluffs which form the local face of the escarpment. They are found only where 
valley-cutting has exposed Maquoketa shale at the bases of the bluffs and 
are usually located within two hundred feet of the crest of the bluff, often 
beneâth the bluff face itself. 

INTERNAL APPEARANCE 

From within, the fissures are seen to be of uniform width. They are so in 
vertical as well as in horizontal section. Their floors almost invariably consist 
of fallen rocks, forest litter, and/or deposits of material referred to by spluµkers 
as "heteropolycrapite" - empty be.er cans, old fence wire, tread-bare auto­
mobile tires, the broken skeletons of unwary animais, etc. The explorer also 
notices, usually with alarm, that the ceilings of· the fissures also consist of 
loose stones. Solid rock is visible only in the walls of the caves. 

The walls upon close inspection are quite often found to be mirror images 
of each other. The lumps and hollows on the one side match exactly the hollows 
and lumps on the other. This mirror imagery not infrequently includes details 
as small as the matching broken ends of chert_ nodulés and other minor rock 
structures. There is no suggestion of bilateral symmetry, of the complementary 
receding and protruding in opposite passage walls ofbeds--varying in solubility, 
nor is there any trace of bedding-plane enlargement, as are customarily found 
in caves developed by solution. 

There has been no perceptible vertical displacement of the strata in opposite 
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Pl. 1. Entrance to Mossy Cave, looking down 
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Pl. 2. Views of MossY Cave: (a) north passage, looking inward. (b) north passage, looking down 
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p:assag~ walls. Fig. 2 is.a.map of a,typiqal expa_ndedjoint. Pls .. 1, 2, and·3 
con tain, typical scenes from that cave. 

While the fissures normally are developed along a single joint, Route 
Three· Cave, northern Delaware county, has· developed along at least three. 
In the face of the eut on Hwy. 3 west of Elk creek is· an entrance about 18 
inches wide and 10 feet high.• A few tens of feet within, the passage doubles in 
height. Toward the rear, the ·upper and lower levels are superposed, but 
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toward the front, the upper level is angled to the west at 15°. The upper level 
ends in a terminal breakdown near the face of the eut. Fig. 3 is a map of this 
portion of the cave. PL 4 is a photograph of the entrance. 

A few tens of feet down the hill from the cave entrance is a third opening, 
this one filled with rubble from road construction, which probably represents 
a lower level of cavern development. Only one fissure is present in the bluff 
at any given elevation. Wedging evidently occurred along several different 
joints at different elevations. 

A third type of fissure development may be seen in the quarry along Hwy. 
3 east of Elk creek. Here, several parallel joints each has been widened slightly 
but none has been widened enough to permit human entry for more than 
a few feet. ~ 

DISTRIBUTION 

Expanded joints have been reported to exist in Wisconsin only in north 
Platte Mound, in Lafayette county east of Platteville (Potter, 1961). In Illinois, 
expanded joints are present in Carron county near Savanna, especially in the 
Mississippi Palisades. Bob Upton Cave is said by Bretz and Harris (1961, 
p. 84) to have developed by phreatic solution, but Bat Cave and others reported 
to exist in the same area evidently are not of solutional origin. Trowbridge 
and Shaw (1916, p. 114) mention small ',~elongate depressions joined end to 
end" on a Silurian ridge in the central part of sec. 22 T27N RIE in JoDaviess 
county. Other sinks in JoDaviess county are located on the Silurian uplands 
about Blanding and on a Silurian ridge one and one-half miles southeast of 
Woodbine. These probably are associated with expanded joints. I have not 
had an opportunity to visit any of these localities. 

In Iowa, several expanded joints have been recorded in northeastern 
Jackson county (Spelunking, many short articles 1957-61). The Dubuque 
county section of the escarpment is poorly known from a speleological view­
point, probably because of the proximity of the large, well-decorated Dubuque 
mines and caves. However, many sinks along Middle Fork of Little Maquoketa 
river are shown at the center of the Holy Cross quadrangle. This area was 
discussed by Grant and Burchard (1907, p. 8), who thought that the sink­
holes had developed by solution. The sinkholes here are mostly on the plateau 
rather than in the bluff, which is uncharacteristic of sinkholes associated with 
expanded joints. 

Expanded joints are best developed in that portion of the Niagara escarp­
ment which lies along the common boundary of Delaware and Clayton coun­
ties, especially along Elk creek. The deepest known fissure, Big Breathing Hole 
(est. 125 feet deep below the entrance, Hedges, 1963a), occurs here and 
the longest know fissure system, Y ew Ridge Cave ( estimated to extend about 
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700 feet beyond the entrance, Barnett, 1967a; 1967b, p. 26), is in Dubuque 
county about a mile east of the Delaware county line. 

Only a few expanded joints have been reported to occur along the Niagara 
escarpment northwest of the Elk Creek area. This no doubt is an artifact of 
areally haphazard exploration. It seems probable that fissures are 'rather evenly 
distributed along the lenght of the escarpment. 

Expanded joints have also been reported to occur in southeastern Jackson 
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and in northeastern Clinton counties near Sabula (Hedges, 1961) and Preston 
(Barn ett, 1967c). These cayes lie near the outcrop of Maquoketa shale along 
the crest of the Savanna-Sabula anticline. 

Surface exposures of Maquoketa shale in the backslope of the Niagara 
cuesta have ~een reportèd in Dubuque county at Washington Mills (Norton, 
1911, p. 379) and in Delaware county at Rockville (Cal vin, ,1894, p. 41). 
Neither of these areas have been eX:amined for expanded joints. 

The interna! morplîology of Liivaama's Cave, adjacent to Maquoketa 
river south of Springbrook, closely resembles that of the expanded joints 
along Elk creek. Published reports and unpublished well records of the Iowa 
Geological Survey for the counties of Clinton, Jackson, Jones and Delaware 
reveal the . presence of several large :subdrift valley systems incised into the 
backslope of the Niagara cuesta. Maquoketa shale is exposed beneath the 
drift along many of these buried valleys. Unfortunately, well records are too 
few in the area of Liivaama's Cave tô permit one· to know whether or not 
there is a buried valley adjacent to the cave de~p enough to have reached the 
top of the Maquoketa shale. 

The locations of expanded joints known.or reported to exist in the Niagara 
escarpment are shown in Fig. 1. 

GENETIC HYPOTHESES 

Solution 

Most expanded joints in the Niagara escarpment con tain very little evidence 
of solution. This is as true of those at Griersville Rock, Ontario (S tra w, 
1966, p. 372) as it is of those in the Driftless Hill Land. The only important 
exception to this rule is Mossy Cave (Fig. 2, Pls. 1, 2, 3) where, at the lowest 
point in the cave, a prominent solutional half-~ylinder and many scallops are 
eut into the east wall. The general absence of travertine deposits in the fissures 
is also an indication, albeit not so convincing, a one, that solution has not 
played an important rôle in their dévelopment. The half-cylinder and .scallops 
at Mossy C~ve are probably due to local, exceptional processes which may 
have operated at any time before, or after, the expansion of the joint opening, 
although it is of course possible that solutional features once were common 
in the fissures and that they were destroyed by frost spalling at the time when 
the cave breccias were formed. 

I have previously describe.d the occurrence of a vertical shaft or "domepit" 
at Dutton's Cave, Fayette county (Hedges, 1967, Fig. 4b). This vertical 
shaft is similar to the vertical shafts in Mammoth and other caves of the 
Central Kentucky Karst region and developed by the s-olution of Edgewood 
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limestone benèath a caprockof chettyKankakee limestone. That the expanded 
joints, also, àte high and narrow, are developed in the Kankakee ancl Edgewood 
formations, and ate located near bluff-lines suggest thàt they, too, may be 
vertical shafts. 

The expanded joints, however, lack the vertical grooves or lapies whîch 
are characteristic of vertical shafts. · At Dutton's Cave, the vertical shaft is 
developed largely beneath the insoluble cherts of the Kankakee, while indi..: 
vidual expanded joints are as well developed in the Kankakee as they are in 
the Edgewood. Vertical shafts possess bilateral symmetry, whereas the walls 
of fissure caves form mirror images of each other. In vertical shafts, moreover, 
the ceilings and floots of the openings usually consist of solid rock; which is 
definitely not true in expanded joints. 

Alan Howard proposed a few years hence that these fissures are a solut­
ional form intermediate between cutters (Subkutan, or Bodenbedeckter, 
Karst) and true caves (Subterrari Karst) (Howard, 1963). For a time, I was 
inclined to agree with him (1967, p. 84) but, as noted above, the majority 
of fissures contain few if any featu:res of solutional origin. They are as wide 
at the base as· they · are at the· top, which is not trne of cutters and is rarely 
true of solutional caves. Howard's concept includes subterranean drainage· 
piracy by cave passages leading from beneath a, caprock-covered area (the 
Niagara plateau, underlain by cherty Kankakee dolomite) to the heads of 
valleys which have been ïncised through the caprock. The expanded joints, 
however, lie parallel with the walls of àdjacent valleys. They do not inter-'­
sect valley walls except where two valleys join (where they unavoidably 
must intersect valley walls). Howard's illustration of an idealized cave 
shows a cave passage developed in the Edgewood formation, above which 
the Kankakee is intact · excepting a few sinkholes. While it is true that 
the expanded joints are roofed àcross at most points, their roofs ordinarily 
consist of loose mantle rock, not of u~disturbed bedrock. Also, individual 
expanded joints are not confined to the Edgewood but are developed in the 
Kankakee as well. 

Gravity 

'·· Solution as the primary cause of the fissures appears u'nlikely. The initial, 
antecedent joint openings seem definitely to have been expanded, physically 
widened, rather than to have been enlarged by solution. Wind, waves, and 
vulcanism, the agencies commonly held responsible for thé development of 
non-solutional caves, rather obviously were not involved. Caves are sometimès 
formed by gravity, however, as during the accumulation of talus. Graviiy 
also produces caves as a result of the slumping of joint"'bounded blocks adjacent 
to cliffs. 
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The fissures are not talus caves. The rock on both sides of the pa~sages 
. is still essentially whole and undisturbed. No falling, landsliding, rotation, 

fragmentation, distintegration, or accumulation has taken place. These are 
not random cracks and crannies among superficial bow lders; they are subs­
tantial, regular voids within the depths of the earth. 

Slumping movements, in which a slab of rock adjacent to a cliff moves 
down in toto and out at its base to form a toreva block, are not evident 
in the fissures of the Niagara escarpment. Toreva-block caves possess triangular 
cross-sections widest at the base and strata in opposite walls of the opening 
are vertically displaced relative to each other, whereas the fissures in the 
Niagara escarpment are of uniform width and the beds in opposite walls 
are equal in elevation. 

The outward and downward slipping of glide blocks detatched from scarp 
faces across inclined shale surfaces lubricated with water has occurred in the 
Chuska mountains of northwestern New Mexico (Watson and Wright, 
1963; Wright, 1964, 1965; Michael, 1965) and in the Colorado plateau 
(Flint, 1957, p. 196). Where a thick, blocky regolith exists, as along the 
Niagara escarpment, crevices between the youngest glide blocks might for 
a time remain roofed over as a result of soil creep. The top of the Maquoketa 
shale is well lubricated (it causes a prominent spring line at the base of the 
escarpment). However, the contact plane between the Maquoketan and the 
overlying Alexandrian rocks dips slightly into the face of the escarpment, not 
outward toward the adjacent vale. Block-gliding does not appear to have 
been the cause· of the expanded joints in the Niagara escarpment. 

The presence of slumped blocks along the escarpment bas been reported 
by several authors. Willman and Reynolds (1947, p. 7) inention that in 
northwestern Illinois, "the position of Silurian outcrops at the top of steep 
slopes and overlying the soft Maquoketa shaie, commonly results in slumping 
of large .Silurian blocks. Slumped blo~ks can usually be recognized by tilting 
of the strata." Settled blocks of Niagara dolomite in the area of the Lancaster 
and Minerai Point quadrangles were noted by Grant and Burchard (1907, 
p.8). Cal vin and Bain (1899, pp. 446-448) state that the Illinois Central 
Railway line near Peosta ·"at one point cuts through Maquoketa shales at 
a depth of 70 feet below the contact with the Niagara; and only 30 rods to 
the soùthwest, without essential change of level, the track enters a eut in the 
lower quarry beds of the overlying limeston~.A mass of Niagara of unknown 
length, and full 100 feet in thickness, has here been allowed to settle, on ac­
count of flow of the soft shales, through a vertical distance of not less than 
80 fe~t". 

I do not mean to deny that plastic deformation of the Maquoketa with 
conseq uent slumping of the overlying Niagara, has qccurred. It has. We are 
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dealing here with two separate phenomena: with (1) slumped blocks which 
may easily be recognized by their vertical displacement and/ or tilting and (2) 
with other blocks which have been forced outward without either vertical 
displacement or tilting. Probably, slumping is the normal process in the destruc­
tion of the escarpment. If so, the expanded joints are transient, ephemeral 
irregularities brought about by unusual climatic conditions associated with 
former glaciers. Smith (1953; 1962, p. 329) points out that in the "rock 
cities" near Olean and Salamanca, New York, displaced blocks nearest the 
escarpment are unaffected by gravity but that those farther out from it "display 
varying degrees of tilting and downward movement, grading into landslide 
masses". 

With respect to this distinction, Route Three Cave is crucial.. Here, several 
different joint planes at different elevations within thè esçarpment have been 
widened, yet slumping could not have occurred because each level of the 
cave is bounded at top and (possibly excepting the lowest level) bottom by 
undisturbed dolomite. Route Three Cave might, however, have arisen from 
tensions produced by cambering of the dolomite outward into the adjacent 
vàlley of Elk creek. If no joints extending throughout the dolomite section were 
present at this locality, several discontinuons joints might have been opened 
each at a diff erent elevation. 

Caves within the Dachstein massif of Austria are thought to have resulted 
from gravity movements although they, like Route Three Cave, have floors and 
ceilings of undisturbed bedrock. Groom and Coleman (1958, p. 16) state 
that Arn berger "suggests that such caves originated tectonically during 
the movements which formed the Dachstein nappe, and again during later 
orogenic stages. At such times the limestone beds were subjected to local tens­
ions in a direction generally coïncident with the dip. The bedding planes 
then became planes of slipping movement down which detatched paclçets of 
rock slid. This produced cave spaces between the moved blocks and the rock 
which resisted tension and remained in place". 

If the typical expanded joints in the Niagara escarpment were due to 
plastic deformation and slumping, Route Three Cave might have arisen from 
tensions produced by cambering of the dolomite caprock outward toward 
the valley of Elk creek. The accompanying photograph (Pl. 4) shows, however, 
that the beds remain horizontal on both sides of the entrance to Route Three 
Cave. Cambering has not occurred here. 

Although the expanded joints of the Niagara escarpment in the Driftless 
Hill Land do not appear to be explainàble by slumping or cambering, Straw 
has attributed the expanded joints at Griersville Rock, Ontario to gravity 
movements. He (1966, p. 371) found pulverized, crumpled Cabot Head shale 
to be intruded upward into the lower portions of the openings. "Displacement 
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of the dolomite blocks appears to · be a result of mass- movement un der gravi­
tati6nal influences, and separation and movement of the dolomite blocks was 
clearly facilitated by failure of the upper part of the Cabot Head shale and by 
the presence of master joints. Lateral flow of btoken shale toward the scarp 
edge seems to have resulted from the presence of excessive quantities of ground..; 
water" associated with a periglacial climatic regime. 

Gravity movements are also · supposèd to have been responsible for the 
origin of the man.y deep, narrow openings adjacent to cliffs in central Montana. 
Campbe1ll (1968} writes. that these caves are. developed in thick, massive 
limestones overlying shales, bofü of which · have been exposed by- canyon­
-cutting in the Little Belt and other dissected mountain ranges. Most of the 
openings occur within a few ·hundred feet of canyon rims, on the up..;dip sîdes 
of the canyons, and are- oriented parallel with the local trend of the bounding 
cliffs. Shale often is exposed -in the floors of the fissures; they are roofed over 
by loose rocks and vegetation. Sorne of the fissures have been slightly ri1odified 
by solution. 

Campbell mentions (p. 27) that .Hubbert and Ruby found that 
a body of rock lubricated and partially buoyed up by water is capable' of 
travelling along a surface inclined at only one or two degrees. · He concludes 
(p. 28): Smokeholes nos. l and 2, and other caves like these; '' werè probably 
formed by just ·such a sliding process. Water seeping thrnugh the limestone 
would reach the imperméable shale and· travel along the limestone-shale 
interface producing a lubricating effect which would allow ·blocks of limestone 
to break loose and slide down dip"; 

These fissure caves of rMontana are remarkably similar to the expanded 
joints of the Niagara escarpment in Ontario and in the Driftless Hill Land. 

The gravity hypothesis is that which customarily is advanced by European 
writers in discussing expanded joints. Warwick (1962a, p. 26) and Straw 
(1966, p. 374) mention open fissures in Derbyshire and Yorkshire, England 
which occur near the edges of gritstone escarpments underlain by shales. 
Warwick (1962b; p. 147) further desèribesthe Yorkshire examples as having 
"formed after the thawing out of the ground during the latter part of the Ice 
Age when the clays underlying the limestones became saturated with water, 
and were squeezed out by the weight of the limestones above": 

In France, enlarged joints in limestone overlyipg shale in Provence and in 
the gorges of the Tarn are described .by Gèze (1953, pp; 3-4): ''Dans les 
régions où· des grandes '.masses calcaires reposent sur des couches plastiques 
avec un certain pendage, . sous l'influence de la gravité, des masses calcaires 
peuvent se disjoindre et s'éloigner légèrement les' unes des autres; en glissant 
sur leur substratum. En très grand; se· phénomène est appelé "tectonique en 
banquise". En plus petit; des blocs peuvent bascnler sur les pentes au voisinage 
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des gorges ou de dépressions topographiques; tout en restant reliés· à la masse 
principale''; 

Subglacial 

Martin (1928) dese;ribed fissurés in .bedrnck whicli were .formed by ice­
-wedging beneath glaciers (subglazialer Frostsprengung). These fissures are 
narrower tha~ th~ expancied joints of the Niagara escarpinent, they wedge out 
downwards, and they were filled with ground moraine concurrently with their 
development. ' · · · 

At Griersville Rock, Ontario, the salient · which the fissures are· deveioped 
faces the direction from which the ice advanced. In the Driftless Hill Land, 
fissures occur in bluffs lying in 11?-any different orientations to the direction of 
previous ice movements. None of the fissures ~re, fiHed with glacial debris. 
They are overlain by a mantle of locally-deri~éd cryoturbàtès, · not by drift. 
They do not wedge out downwards. The subglacial hypothesis is not applicable 
to the expanded joints of the Niagara escarpmeni: 

/ce Wedging 

Sorne expansive process must have taken place within joint openings parallel 
with the local face of the escarpment as a result of which. blocks ~f dolomite 
underlying the scarp. face gra,dually were propelled outward across the top 
of th~ Maquoketa shale without undergoing either ·settling or tilting. The 
agency best qualified for the accq~plishment of this task is ice wedging. 

Contraction of the ground under intense cold, followed by the development 
of ice wedges. in the resulting contraction fissures (in our case, within pre­
-existing joints slightly widened by contraction of the adjacent rock) and 
repeated annually over a number of years as described by Leffingwell 
(1915)2

, gradually would lead to the creation of long, narrow openings uniform 
in cross section the walls of which would possess mirror imagery. The force 
which caused displacement of the valley-ward blocks was not the pressure of 
crystallization of the ice. H was the pressure of the rock itself as it expanded 

2 An earller report of this phenomenon was published by Thoreau (1966, p. 181). 
Thoreau states that during his sojourn at Walden Pond, Massachusetts about 1845, " . .I was 
awakened by the cracking of the ground by the frost, as if sorrieone had driveri a team against 
my door, and in the morning would find a crack in the earth a quarter oî a mile long and 
a third of an inch wide". 
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upon warmingfor, the rock being yet frozen although many degrees warmer, 
ice remained in the contraction fissures and the pressure developed by expansion 
could be relieved only by outward displacement: of the blocks between the ice­
-filled fissures and the scarp face. 

In Hunsberger Cave, north of Elgin and in many other caves, it may be 
seen that the joint opening which is the cave is uniform in width where parallel 
with the bluff face but where the joint turns sharply toward the face it im­
mediately becomes almost closed. This is precisely what one would expect to 
find had the hillside been moved bodily into the adjacent valley. Frost-induced 
motions in the overlying mantle of "head" maintained a roof across the 
developping fissures, except locally where a fissure became too wide for the 
available subsoil fragments to bridge across it. 

Leffingwell (1915, p. 652) estimated that an ice wedge three meters 
in diameter could form in northern Alaska in only 600 years. Even if the 
development of the expanded joints in the Niagara escarpment should have 
required 6000 years, this length of time is not excessively long in view of 
the number of glacial advances and accompanying phases of periglacial 
climate to which the escarpment has been subjected. 

Black (1964a, p. 25) reports that, by analogy with ice wedges in northern 
Alaska, 1000 to 3000 years would sufficed to produce the ice wedges of Wis­
consin. "An average rate of growth of one millimeter per year was found 
at Barrow, Alaska and is probably not out of line for Wisconsin". The ma­
ximum width of the fossil ice wedges of Wisconsin is about twice that of the 
expanded joints in the Niagara escarpment. If the Cary advance lasted 3500 
years, and if out of that time only 1000 years saw periglacial conditions in 
southern Iowa, there would still have been adequate time for the develop­
ment of the expanded joints during the Cary interval alone. Most of the 
expanded joints in the Niagara escarpment are less than one meter in width. 

The actual amount of expansion need have been only a few inches in 
some instances. One sometimes finds tongues of rock projecting into acces­
sible passages (PL 2 b ), beyond which two closely-spaced fissures continue 
too narrow for human entry. Thermoclastic processes may have caused 
spalling of the cave walls and partial destruction of the intervening parti­
tion, with resultant creation of a single, relatively wide, accessible passageway. 

In a few places, several parallel joints may be seen each to have been 
widened slightly instead of a single joint having been widened a great deal. 
This is well shown in and near the quarry on Hwy. 3 east of Elk creek. 

Ice wedging previously has been suggested as the cause of joint expansion 
in other regions. Although S tra w (1966) attributes the fissures in the Nia­
gara escarpment at Griersville Rock, Ontario primarily to gravity movements, 
he states that in addition to cant and creep as the shale was extruded "the 
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joints may have been forcibly widened by the growth of ice veins during 
former more severe climatic conditions" (p. 372). The "Rock Cities" near 
Olean and Salamanca, New Yor~ were attributed to ice wedging by Smith 
(1953, 1962). Smith (1962, p. 329) holds that the blocks "obviously were 
moved to their present position by a force acting only in a horizontal di­
rection, and the effects of frost or ice wedges under former periglacial con­
ditions are believed to provide the only adequate explanation". 

Koteff (1967) reports that vertical joints in the upper part of a granodio~ 
rite knob near Little Quitacas Pond, Massachusetts werè enlarged by ice 
wedging. Ice in horizontal joints furnished a lubricated sliding plane over 
which the blocks moved. 

The presence of a sliding plane, whether of shale or of ice or of some 
other material, is essential. Where one is wanting, the action of frost on indu­
rated rocks leads variously to . the development of bedrock polygons with 
shattered edges, as at Brônlund Fjord, northern Greenlànd (Davie s, 1961 ), 
to frost valleys, as in central Labrador (Twidale, 1956, 1958), or to com­
paction and loss of pore space and the development of many tiny crevices, 
as in chalk (Cailleux, 1943). 

EXPANDED JOINTS ELSEWHERE 
IN THE UPPER MISSISSIPPI VALLEY REGION 

Deep, narrow fissures more or less like the expanded joints in the Nia­
gara escarpment occur at widely scattered points in and adjacent to the Drift­
less Hill Land'. Sorne of these are analogous in origin to the expanded joints 
in the Niagara escarpment and logically should be discussed in connexion 
with them; 

FROST-RIVEN BLUFFS IN THE NIAGARA CUESTA 

Deeply-riven bluffs are found in the Niagara cuesta at a few places where 
valley floors adjacent are not known to have been eroded deeply enough 
to expose the top of the Maquoketa shale. 

In one of these bluffs, three miles south of Springbrook, is developed 
Liivaama's Cave. The interior of the cave resembles the interior of an ex­
panded joint. However, attempts have been made to blast the cave shut and 
these may have altered its appearance. In the. absence of proof that shale 
is exposed beneath the drift which partly fills the adjacent valley of Brush 
creek, Liivaama's Cave cannot be classified as a (genetic) expanded joint. 

The right bank of Maquoketa river Just upstream from Canton is rent by 
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numerous fissures: In the deepest· portion of these · is the Canton Ice Cave. 
Typical expanded joint inorphology is lacking in ,this cave: Maquoketa River 
valley is not known to be entrenched as deeply as the top ofthè ·shale at this 
point. On the other hand, there · is no suggestion of solutional' activity in the 
development of the cave. The en tire bluff in the area of the cave is· nothing 
but a chaotic mass· of huge blocks. It seems likely that Canton Ice Cave owes 
its origin to periglacial weathering processes, but it is not a (gènetic) expànded 
joint. 

On the left bank of Raccoon creek, bèlow Dancehall Cave în the Ma­
quoketa Caves State Park, is a nartow defile billed the "Fat Man's Misery". 
Maquoketa shale does not crop out here. The slab of tock which stands 
between the trail and-the creek bed probably was pried out from the adjacent 
cliff concurrently with the devëlopment of the West Union talus on the floor 
of the- valley. The origin 'of the defile . occurred during a time of periglacial 
climate, but "Fat Man's Misery" is not a (genetic) expanded joint. 

FROST-RIVEN BLUFFS IN THE GALENA PLATEAU 

Before the turn of the century, the most famous cave in this region was 
probably the Decorah le~ Cave (I(ovtnik, 1898). It is formed by a toreva 
block of Galena limestone along the ·1eft bank of Upper Iowa river at De­
corah. White (1870, v. 1, p. 80) assumed that the base of the block had slip­
ped out across the top 'Of the underlying Decorah shale under 'the influence 
of gràvity. 

The bluff con tains sevetal · other · openings similar to thë Ice Cave, although 
none is so large or so deep. Gravity, aided by undermining of the· cliff by 

_ Upper Iowa river, may have been competent to enlarge these fractures to 
their present size, but periglacial ice wedging also would have been compe­
tent to do so. If these openings were produced by ice wedging, the thin blocks 
prized out may have been incapable of standing unsupported after melting 
of the ice wedges and, fortituously, they settled back against their parent ledge 
instead of toppling into the river; The ice which now seasonally occurs in 
the Ice Cave is, of course, not left over from glacial times. It melts · comple­
tely each autumn and forms anew each · spring. 

South of Clayton, on the left bank of Buck creek at its mouth, is deve­
loped a cave resembling the expanded joints of the Niagara escarpment. 
Cricket Cave might be a gash vein. It is developed at the proper stratigraphie 
horizon in an area where gash veins occur. However, it is partly filled with 
breakdown, Iacks the laminated silts and the travertine deposits characteristic 
of gash veins, and it is not mineralizéd. Decorah shale is intersected by the 
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face .of the bluff, It seems ,p~rmissible to interpret Cricket Cave {lS an ex.,. 
panded joint developed by.•periglacial ice wedging; 

Sorne caves beneath sinkholes in the Galena plateau:. are high, narrow 
joint openings which in gross outline resemble expanded joints. However, 
these enlarged joints typically occur in the interior of the plateau, miles from 
the nearest valley deep enough to • expose Decorah · shale, and they possess 
many morphologie details of solutional origih. T~ese joints were enlarged 
by solution, not expanded by ice. 

~'Fissure Caves" dissolved out by artesian water ascending to outlets 
beneath ancient valleys. were described by Brod (1964) from the east flank 
of the Ozark dome, Missouri. These caves somewhat resemble expanded 
joints. Most, however, are developed below the Decorah shale, in Plattin 
limestone. Only a few are found in the Kimmswick limestone above the 
shale. One (Ehler's Pit, p. 94) pqsses from Kimmswick through the Dècorah 
into Plattin limestone. These "fissures", like the "Fissures" in the interior 
of the Galena platel:rn, are clearly solutional in origin! 

FROST-RIVÈN .BLUFF NEAR ELDORÀ 

In one of. the mural cliffs of Eldora (Pennsylvanian: Desmoinesian) sand,. 
stone along Iowa river near Eldora is a deep, narrow opening locally known 
as Rattlesnake Cave. According to Ra by (1957), it is developed on a single 
vertical plane parallel with the bluff. There · are vertical and lateral branches 
at various levels. The depth of the cave is about 60 feet, or very nearly the 
total height of the -bluff above the shale, unit no. 3, in the bluff at Eldora 
(Beyer, 1899, p. 272). Beyer describes the sandstone bluffs here as. "wea­
thered and shattered". 

Rattlesnake Cave lies one mile east of the Bernis (Altamont of Beyer) 
moraine, at N42°20'. It seems very likely that ice wedging and frost riving 
occurred here. Rattlesnake Cave, like the expanded joints in the Niagara 
escarpment, occurs adjacent to and parallel with a valley deeply enough 
incised to have exposed an underlying shale. 

DRIFT-FILLED JOINT IN THE BARABOO RANGE 

Weidman, in discussing supposed glacial. deposits west. of the Cary 
moraine near Devil'~ lake, Wisconsin, m~ntions . a ''kettle" in the quartzite 
range southwest of North Freedom (1904, p. 103).·Thwaites {1935, p. 403) 
re-examined the feature and concluded that it is a drift-filled fissure. Ice 
wedging might have been active here. An ice wedge might have developed 
in a steeply-inclined bedding plane and forced out a block across a layer 
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of ice in an underlying joint plane, after the fashion of Koteff's (1961) exam­
ples in Massachusetts, although it is not possible to tell for certain on the 
basis of published informatio.n. 

OTHER PERIGLACIAL PHENOMENA 
ALONG THE NIAGARA ESCARPMENT 

Periglacial weathering effects along the Niagara escarpment are not li­
mited to expanded joints. Four additional kinds of periglacial features have 
been described in the escarpment area. These phenomena, and two associated 
erosional forms, are discussed below. 

BLOCK STREAMS 

Smith (1949, pp. 208-210) described a block stream and other blocky 
accumulations on the flanks of the Blue mounds, Dane county, Wisconsin. 
The Blue mounds are outliers of the Niagara cuesta. These scattered blocks 
are similar to the "float" of dolomite blocks strewn over the Maquoketa 
apron in Iowa and Illinois. On the Blue mounds, blocks occur on slopes 
as low as 3 to 4°.·They can be found nearly a mile from the summit and as 
muchas 600 feet below it. Smith observes, "The individual blocks ... appear 
to be stranded where they lie and to be undergoing graduai breakdown ''." 
Irregular cracking of the rock is common, and detatched fragments are seen 
on and around many of the blocks". Were the blocks a lag deposit, had they 
remained behind after removal of the less resistant underlying shale, those 
at the _greatest distances from the summit should be more decayed than a:re 
those nearer the summit. This is not the case. Smith (p. 210) inclined toward 
the view that the blocks were transported by solifluction, although he allo­
wed that "the largest of the blocks, particularly on the east slope, represent 
unit movement" (seasonal frost heave) "rather than mass movement"o 

According to Smith (p. 206), Büdel found that blocks in a part of Eu­
rope had moved as much as two kilometers and on slopes as low as 2°. "Post­
glacial stability was found to be characteristic of block accumulations having 
slopes up to more than 17°". Black (1964b, p. 12) states that Hamilton 
found large dolomite blocks in an area adjacent to the late Wisconsin moraine 
to be stationary at present, although "hillside rubble fnoved three to fifteen 
millimeters during freezing and thawing in one winter" and "Sorne slumpage 
seems to occur in the steps or terracettes". These findings are in agreement 
with the observed distribution of float blocks on the Maquoketa apron and 
with the overgr~wn, decaying appearance of the modern Niagara escarpment. 
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,,Float blocks in Iowa are sometimes found along the margin of the Galena 
plateau as muchas a mile from the Niagara escarpment. Calvin and Bain 
(1899, p. 447) mention having found one near Twin Springs which had thus 
crossed the entire Maqu_oketa aprQn and plunged 60 feet into the Galena 
limestone gorge of Little Maquoketa river. 

SOLIFLUCTION APRONS 

At several places in Clayton and Fayette counties blocky, terrace-like 
benches are found at the base of the Niagara escarpment. These solifluction 
aprons consist of a jumble of angular blocks embedded in angular dolomite 
gravel and silt. The benches do not have level surfaces, although they are 
roughly of uniform height. Many blocks protrude above them. One such 
bench, its side partly eroded by the stream, occurs at the base of a north­
-facing slope below McCreary's Cave, northwest of West Union (Hedges, 
1967, pp. 86-87). Another is .that in which is developed Sampson Ice Cave, 
northwest of Colesburg (Hedges, 1963b). The latter bench lies at the base 
of a south-facing slope along Pine creek. Sampson Ice Cave consists of a pas­
sage 30 feet long developed by the piping out of fines from arriong the blocks; 

SLOPE COLLUVIUM 

J. P. Schafer (1962) recently re-emphasized the fact that "'Hillsides in 
northeasternmost Iowa . . . are almost entirely covered by Pleistocene slope 
colluvium ... ". This mantle of "head", or congelifractate, is gradational 
with "the underlying, parent materials and with the overlying solifluction 
aprons. "Head" , deposits also are ·common in Wisconsin. Black (1964a, 
p. 22) states: "Mass movement of soil is evident practically everywhere in 
the state. In the southwest especially where little drift was deposited, mass 

. movernents have been an effective process in removing the soil from bed­
rock hills and filling the valleys with thick accumulations of de bris; practi­
cally a:.11 exposures illustra te such movements ... " 

Hamilton found limited movement of hillside rubble to occur during 
Wisconsin winters .at the présent time (Black, 1964b, p. 12). Downslope 
motion of the colluvium was greatly accelerated during former times of in­
tense frost action. Most of the · rnaterial no doubt was produced under for­
mer periglacial regîmes rather than under modern climatic conditions. 

Peltier's (1949, p. 48) description of the rubble slopes along Susque­
hanna river could be applied almost without change to slopes in the Drift­
less Hill Land. There, as here, the slopes "are covered by an evenly distribu­
ted deposit of rubble which extënds into the valleys and beneath the sedi-
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ments .of the sm,all. cre.eks: ..... In drainageways on mountain -$lopes the _faner 
constituents are removed from. the rubble surface and a. blockfield .remains". 

-The Jace. of the. Niagara· escarpment frequently. ,displays no naked expo­
sures of dolomite in- situ, except in the floors of gullies. Its most c0mmon 
aspect is that' of a densely-wooded bluff lying between 15 and 20 degrees 
above the horizontal, near the top of which may be discontinuous dolomite 
outcroppings a few feet in height. Most of these "outcrops" upon close exa­
mination are found merely t6 · be large chunks of disturbed rock. 

As ~een in road c11ts~ tlle scarp face çonsi~ts of a steeply-bevelled pediment 
of dololllite çlothed_ in a ma_ntle . of frost-riven stone, talus, and soil 10 to 
15 f<:!et in thiçkness. T_he. general absence of unencµmbered_ exposures sug-:­
gests .that. tlie few w,hich are pres,ent, excepting those in stream beds and, 
possibiy, , those _ along . the gorges of Jarge, high-:-grac;lient, through-flowing 
streams s11ch as the Volga below Fayette, are relicts. 

Two particularly ,noteworthy occurrences .of slope colluvium axe those 
in which are developed.the Bixby a]),d _the Brainard ice cayes. At. Bixby State 
Park,_ the south side. of. Paradise . v,alley i& Httered with large blocks partly 
buried in gravel and silt An opening amo11g the_, block:s 25 feet in length 
constitutes the Bixby Ice Cave .. Late in winter, after most of the ice has sub­
limated, it is possible to crawl a few feet further. Near the former site of the 
hamlet of Brainard, the bluff south of Otter creek is littered with blocky 
debris in a matrix of gravel and silt. The Brainard Ice Cave is a narrow cre­
vice ab out I O feet in length -between two large blocks. 

THE WEST UNION TALUS 

.The West Union talus (Hedges, 1967, pp. 86-88) is a morphostratigra­
phic unit produced by the progressive_ c6llapse and retreat of cavern entrances 
during several stages of the Pleistocene, · from the Kansan to the Present 
Pre-lowan portions of the deposit are covered by alluvial tenace materials. 
The West Union talus is related by time of origin and by its connexion with 
frost action to the slope colluvium which clothes the face of the Niagara 
escarpment throughout its length. However, West Union talus is, specifically, 
the chaos of blocks formed. by cavern collapse and the development of retreat­
al gorges .. It -ïs not a congeliturbate, althougb frost action may have distur­
bed it after deposition, and it is not colluvium. 

It is perhaps significant that retreatal gorges and West Union talus are 
assoèiated only with caves .which are developed parallel beneath ·. minor sur­
face valleys and ,whose entrances, consequently, open beneath eph€meral 
waterfalls. Meltwater gathered in these valleys; upon trickling down over 
ledges above the cave entrances may have enhanced frost wedging at these 
entrances relative to entrances not so locatèd. 
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PL 3. Mossy Cave: south passage, looking inward 
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Pl. 4. Entrance to Route Three Cave 
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If frost wedging had brought about the retreat of these entrances, one 
would expect that the rapidity of their retreat would be related to the di­
rections in which they face. This is not so. The north-facing mouth of Sear-

. ryl's Cave has not retreated at all since Yarmouthian time, while the mouth 
of Soward's Cave, which also faces the north, has retreated some 500 feet 
since Iowan time. Factors such as the thickness· of the span between cave 
roof and valley floor above, the frequency of partings within the rock, and 
the length of the span of the cave entrance apparently are more important 
in controlling the rate of retreat than is the direction of exposure of the en­
trance. 

CAVERN BREAKDOWN 

The mouths of caves in the Upper Mississippi Valley region commonly 
are much larger in cross-sectional area than are the passages beyond. B retz 
(1956, p. 345) attributed the enlarged mouths of Missouri caves to frost action. 
Periglacial frost action probably was also responsible for the enlarged mouths 
of caves in the Upper Mississippi valley. 

In the caves of northern Europe, periglacial frost wedging produced 
extensive frost breccias (Flint, 1957, pp. 196, 216; Gèze, 1965. pp: 73-74; 
Schmid, 1958, p., 16; Trombe, 1952, p. 294; Warwick, 1962c, p. 109) 
but in the caves of the Upper Mississippi Valley region thermoclastic breccias 
are not found for any distance beyond the entrances of the caves. Here, as 
elsewhere in temperate United States, cave breccias usually were produced 
as a result of loss of buoyant support by cave roofs during the transitions 
of the caves from water-filled to air-filled conditions (White and White, 
1963). This is well shown by straigraphic sections in cayes of the Maquo­
keta River valley. Maquoketa River valley occupies much of the area im­
mediately south of the Niagara ·escarpment (Hedges and Darland, 1963, 
pp. 301-303). 

One possible exception is Dancehall Cave, Jackson county. The virtual 
absence of solutional features in the main passage of Dancehall Cave while 
solutional features are profusèly ·· developed in the principal side passages 
of the cave may be due to their having been destroyed in the main passage 
by frost spalling. No point in the main passage is more than 275 feet from 
an entrance at the present time. The cave stream freezes in winter over much 
of its length even under the present relativelly mild climate. If a thermoclas­
tic breccia once was present in Dancehall Cave, it may since have been re­
moved by stream action or by excavating done in connexion with develop­
ment of the cave for tourists. 

8 - Biiuleityn Perygilacjaliny 
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CAVES IN THE SLOPE COLLUVIUM AND THE SOLIFLUCTION APRONS 

Smith (1949) described block fields near the Blue mounds and in the 
Baraboo range, parts of which have been washed free of their silt matrix . 
by small streams .. He, and J.F. Quinlan, Jr., have suggested that the entrances 
to the expanded joints and the small caves of the slope colluviurn and of the 
solifluction aprons, respectively, were developed by soil piping (persona! 
communications, 1968) 3

• 

Piping, of course, is not a periglacial phenomenon. The development 
of piping caves in the "head" and in the solifluction aprons has taken place 
since glacial times. 

Like the ice in the Decorah Ice Cave, the ice which is found in the piping 
caves melts each autumn and forms anew each.spring. It is not left over from 
the Ice Age. 

AGES OF THE PERIGLACIAL FEATURES 

It seems likely that each of the several kinds of periglacial features may 
include examples of widely disparate ages. Tundra climatic conditions must 
have accompanied the southward advance of each glacier. Typically peri­
glacial processes of weathering and erosion should have occurred in areas 
adjacent to the ice during each glacial stage. Although each type of peri­
glacial feature which I describe, except the West Union talus, may be and 
is discussed as though all members of the group are of the same age, it is 
yery likely that additional field work will reveal examples which are of dif­
ferent ages. 

METHODS OF DA TING 

Stratigraphy 

The solifluction aprons are not overlain by loess. Many areas of "head" 
are loess-free, also, as are the block streams. A post-Peorian age is thus in­
dicated for most of these features. 

The jumble of de bris which occupies the lower portions of the expanded 
joints is not known to include stratigraphie divisions or distinctive materials 
by which these fissure fills might be correlated with specific members of the 
Pleistocene section. S tra w (1966, p. 374) thought that the unfilled openings 
at Griersville Rock, Ontario are post-periglacial in age while the filled openings 
are of periglacial age. According to this reasoning, filled openings developed 

3 For a general review of soil piping, see Parker (1963). 
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while cryoturbation (hence, downslope movement of regolith materials into 
the fissures) was yet in progress. Unfilled openings, therefore, must have 
developed after cryoturbation had ceased. ·· 

That some of the fissures are completely filled while others are not does 
suggest that some of the joints may have been expanded more recently than 
others. However, if as seems likely, the openings were produced by ice wedg­
ing, the presence of ice in them at times when cryoturbation was active 
would have prevented their becoming filled by regolith materials. All of the 
fills must be post-periglacial in age, but not all of the fills may postdate the 
same interval of periglacial activity: That is to say, some (issures may have 
developed during · a pre-Valders- glaciation and were filled by la ter soil mo­
vements while other fissures are of Valderan age ( according · to St ra w, all 
are of Valderan . age) and are as yet unfilled. 

Radioactivity 

Radio-carbon dating has not ·been employed in the Niagara escarpment 
area. In the absénce of clear stratigraphie · divisions in the fills of the expan­
ded joints, and because cryoturbation has affected many of the· surficial pe­
riglacial deposits, any radio-carbon dates which might be obtained from 
these materials would not be very dependable. 

Fossils 

A few of the expanded joints contain modern skeletal remains such as 
Bos and Canis. Detailed paleontological explorations have not been made 
in any of them. I am not aware that fossils have been recovered from any 
of the periglacial deposits. 

Topographie relationships 

Known exposures of the West Union talus occur in valleys ranging in 
age from late-Wisconsinan to Sangamon. In places as yet undiscovered,. 
the talus may extend backward in time as far as the. Kansan stage. The West 
Union talus thus transgresses time. It is the only type of periglacial feature 
presently known to do so. 

Expanded joints and "head" are found along valleys excavated as recently 
as the Sangamon stage. Ice-wedging and cryoturbation must have occurred, 
then, as recently as the Wisconsin stage in the Niagara escarpment area. 
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Relationships with drift sheets 

Had the localities · in which these periglacial. features occur been covered 
by a glacier subsequently to their development, one would expect drift from 
that glacier to have accumulated in the expanded joints and to overlie the 
periglacial deposits. Because the fissures do not contain drift4, and because 
the periglacial deposits are not buried beneath later morainic accumulations, 
the periglacial features must be younger than the youngest drift in their res­
pective areas. 

All of the Niagara escarpment in Io~a was glaciated in Nebraskan time 
(Trowbridge, f966). The boundary of the Kansan drift sheet is roughly 
coïncident with the escarpment north to the Clayton county line, beyond which 
it lies east of the escarpment5 • Most of the Niagara escarpment in northwestern 
Illinois probably was glaciated in Kansan or Nebraskan time, as indicated by 
the presence of very old drift near Ha.nover (Trowbridge and Shaw, 1916, 
pp. 86-88) and of Kansan drift near Savanna (Shaff er, 1954, p. 446). 

Illinoian drift in Illinois mantles the Silurian outliers in Stephenson and 
in eastern JoDaviess counties, and in all but the extreme northwestern part 
of Carroll county. No Illinoian drift occurs in sou th western Wisc.onsin. A map 
by Donn, Farrand, and Ewing (1962, Fig. 3) showing Illinoian glaciation 
of the "Driftless Area" is incorrect (Farrand, per~. comm. 1968). Illinoian 
drift in Iowa does not occur much north of Clinton county. 

Glaciers of Wisconsinan ages did not encroach upon the Niagara escarp­
ment in Iowa except near Savanna, where Tazewell drift occupies part of the 
area between the Goose Lake channel and the Mississippi. The border of the 
"Iowan drift" is roughly coïncident with the escarpment at and northwest 
of Delaware county, and lies only a short distance south of it between De­
laware county and the Mississippi. However,· R uhe, et al. (1965) rather 
thoroughly explain away the "Iowan drift" and replace it with an "Iowan 

4 lt might be supposed that during times of glaciation, the expanded joints would 
have been protected from filling with drift by ice wedges developed in them before the gfa­
cier arrived, or by frozen, impermeable ground above them. This is not necessarily so, for 
the ground beneath glaciers is not normally frozen. Glacier ice insulates the ground from 
sub-freezing temperatures at the surface and previously-frozen ground is thawed by geo­
thermal heat. Horn (1947) has shown that solution and the development of extensive caverns 
may occur in limestone beneath glaciers. 

5 Ruhe considers all of the older drift east.of the Iowan border in northeastern Iowa 
to be of Kansan age because, as has long been thought, the Nebraskan and Kansan drifts in 
Iowa are lithologically indistinguishable (Ruhe and Scholtes, 1959, Fig. 1; Ruhe,Rubin, 
and Scholtes, 1957, p. 672). Separation of the two drifts customarily is predicated on an 
intervening paleosol, on the degree of weathering of surface exposures, or, in northeastern 
Iowa, on topographie position. However, Schmaltz (1962) has found 1ithologi9 differen­
ces between the two drift sheets in north-central Missouri. 
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surface". They state (p. 11), "We ... emphasize that it is a subaerially evolved 
feature and that glacier ice is unequivocally- precluded from any association 
with it''. The voluminous earlier literature upon the Iowan must be disregarded. 

There seems· to be little doubt that the "Driftless Area" of southwestern 
Wisconsin, in which are located the Sinsinawa, Platte, and Blue mounds 
outliers, was glaciated (Black, 1960, 1965). Black has tentatively assigned 
the scattered patches of.drift and the other evidences of glaciation found there 
to the Rockian substage (early Wisconsinan). The details of the advance, 
espedally its relationship with the mounds, have not; however, been established. 
Wisconsinan glaciers in Illinois are not known to have encroached upon the 
Niagara escarpment. 

The distribution of the drift sheets shows that all of the expanded joints 
in Iowa must be of post-Nebraskan age; those in and north of Delaware county 
must be post-Kansan in age. The expanded joints in Illinois are of post- · 
-Nebraskan or post-Kansan age (none are known to exist in the area of Illinoian 
drift). Expanded joints in Wisconsin (the Platte Mound caves) probably are 
post-Rockian in age. 

The mandes of "head", the associated solifluction aprons, and the block 
trains are not overlain by any later glacial deposits. They must be at least as 
young as the expanded joints. 

AGES OF THE PERIGLACIAL FEATURES 

The age of the most recent ice invasion in any given area places a limit upon 
the maximum age which the unfilled fissures and surficial periglacial deposits 
in these areas may have. It may be possible to use drift relationships in a slightly 
different way to obtain highly precise dates for the development of the peri­
glacial features. 

Wright (1961, pp. 939-940) concluded that because periglacial pheno­
mena in Europe are found largely in areas marginal to drift sheets, or below 
a younger drift in which periglacial features are absent, cold climates cause 
glaciation and that climatic amelioration be gins bef ore retreat of the ice. 
Periglacial features, therefore, may develop during glacial advances but can­
not develop during the retreatal phases of glaciations. This hypothesis is borne 
out by the distribution of periglacial phenomena in.the Driftless Hill Land6

• 

6 Paleotemperature data indicate that surface waters in the North Atlantic ocean 
became continuously colder throughout the Wisconsin epoch. Donn and Ewing (1966, 
p. 1708) concluded that a cold climate remained for several thousand years after deglacia­
ti,pn - for about 5000 years in the case of the Wisconsinan. Brunnschweiler (1962, p. 25), 
in order to explain the sub-drift forest beds of Ohio, adopt ed the viewpoint that cold climates 
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Relationships to terminal moraines 

Periglacial tundra climates are most severe and of longest duration within 
a belt a few miles wide just beyond the ice border at glacial maxima. This is 
the place, and time, most favorable for ice-wedging and for mass movement. 
It is interesting to observe that many of the best-developed periglacial pheno­
mena in the Upper Mississippi Valley region lie within such narrow belts 
adjacent to the terminal moraines of the middle- and late-Wisconsinan glaciers. 

Of the 22 known- occurrences of ice-wedge casts in Wisconsin, one, is adja­
cent to the Valders border, nine are adjacent to the Cary border, and 12 
although more than 20 miles from the Cary border are less than 50 miles from 
it (Black, 1965, p. 188). The notable talus accumulations in the Devil's Lake 
area end abruptly at the Cary moraine of the Green Bab lobe, suggesting that 
they developed in ice-free areas during the· maximum stand of the ice. The 
block trains on the Blue mounds and the block fields in the Baraboo range are 
near the Cary moraine, also. 

Involutions in Grundy county, Illinois are associated with the Valparaiso 
(Cary) moraine system (Sharp, 1942). Horberg's (1949) possible fossil ice 
wedge in Bureau county, Illinois is associated with the Bloomington moraine 
of Cary age. Involutions in Henry and Peoria counties, Illinois are associated 
with the Shelbyville (Tazewell) moraine (Frye and Willman, 1958). Expan­
ded joints in northwestern Illinois all are located within a few miles of the 
border of the Tazewell drift. 

In Iowa, the frost-riven bluffs at Eldora lie scarcely a mile from the Cary 
moraine of the Des Moines lobe. Expanded joints near Sabula, Preston, and 
Spragueville all are near the Tazewell margin. 

The W oodfordian substage 

Where periglacial features are closely associated with a particular terminal 
moraine, as at Devil's lake and Eldora, there can be scarcely any doubt that 
their origin coincided intime with the building of the moraine. Unfortunately, 
such intimate relationships seldom are found. Many of the periglacial pheno­
mena of the Upper Mississippi Valley region lie 10 miles, 20 miles, or even 
further from the nearest terminal moraine. 

follow glaciations, rather than precedin~ them: "The dated spruce forests of Ohio, evi­
,dently still alive when the Wisconsin ice first reached them, are difficult to explain in a peri­
glacial environment. That a periglacial climate became effective shortly thereafter, however, 
can be interpreted from strong solifluctional evidence in the same area". As noted earlîer, 
(p. 96), the question of the temporal relationship of cold clirnates to glacial maximae is ~s 

:yet unresolved. 
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We have seen, however, that all of the periglacial phenomena Of Wisconsin 
are necessarily post-Rockian (post-Altonian, or post-early-Wisconsinan) in age. 
From the axiom of uniformitarianism, we may suppose that those in the 
adjacent portions of Illinois and Iowa also are post-Rockian in age. 

Only four known occurrences of periglacial-like phenom~na are necessarily 
of Valderan (late-Wisconsinan) or Recent ages. These are: (1) fossil ice-wedge 
localities nos. 1 and 6 in Wisconsin (Black, 1965, P~ 218), which are associated 
with the Valders moraine; (2) a local deposit near Trempealeau (Squire, 
1908, p. 270) which post-dates the adoption by Mississippi river of the narrow 
channel between Trempealeau mountain and the west wall of the Mississippi 
trench, probably in Mankato time; and (3) an involution layer near North 
Branch, eastern Minnesota, which has been dated by radio-carbon anâlysis 
at 2520 years BP (Wright, 1961, p. 943). 

All other periglacial features in the Upper Mississippi Valley region may 
be assignedto the Woodfordian (middle-Wisconsinan) substage .. The Woodfor­
dian substage, as presently defined, includes the Tazewell, Cary, and Mankato 
advances - stratigraphically, all of the units lying above the Farmdale s;0il 
and below the Two-Creeks forest bed (Frye, Willman, and Black, 1965, 
p. 51). 

Of the three W oodf 9rdian advances, the Cary was the most exte~sive. 
During the Cary maximum, about 20,000 years ago, the Driftless Hill Land 
and adjoining areas were bracketed by glaciers of the Gr~en Bay and Des 
Moines lobes southward as far as latitude N 41 ° 45'. Within the region thus 
ehclosed, climatic conditions were unusually severe; In fact, during the entire 
Woodfordian substage, " ... for 17,500 years, from 30,000 to 15,500 years 
ago, no clue has been found that trees grew in the state" of Wisconsin. "It 
is assurned the climate was too cold and dry .... Probably piost ice wedges 
grew during that time as permafrost and buried ice of the Rockian advance 

. were not destroye4 in. southern Wisconsin until after the Valders • glaciation" 
(Black, 1964a, p. 26). It therefore seems likely that the expanded joints of 
the Niagara escarpment, the "head" and the solifluction aprons, and the 
other periglacial landforms and soil structures of the Driftless Hill Land and 
its environs are almost all of W oodfordian age. 

A final note 

Ruhe and Scholtes (1959, p. 591), on the basis of radiocarbon dates, 
concluded that Cary ice of the Des Moines lobe advanced 32 miles from the 
area of the Altamont moraine to Des Moines and subsequently retreated 107 
miles from Des Moines to the Algona moraine in 1000 years. This is, roughly, 
the length of time available for the development of Rattlesnake Cave in the 
frost-riven bluff at Eldora. 
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Rattlesnake Cave is of about the same width as are the expanded joints in 
the Niagara escarpment, which thus need ll'ot have required more than 1000 
years for their' development, either. Corroborating evidence is at hand in 
northern Alaska, where modern ice wedges have a (measured) average in­
crease in diameter of one millimeter per year. Even should the expansion of 
the joints in the Niagara escarpment have required more than 1000 years, 
the 17,500 years of the Woodfordian substage would have been entirely suf­
ficient to have encompassed their development. 

CONCLUSIONS 

Detailed searches of the literature on caves and of the literature on peri­
glacial phen<?mena have not been made. It is not known how frequently 
expanded joints analogous in origin to the expanded joints of the Niagara 
escarpment may occur in other regions. 

Caves formed by ice-wedging in joint openings parallel with bluff faces 
should, however, be found everywhere that functionally analogous physio­
graphic contexts occur. The requisite conditions are three: (1) a jointed, 
bluff-forming rock immediately underlying which is a plastic shale or another 
easily-defonrted rock; (2) steep-walled valleys incised through the bluff-former 
into the yielding member; and (3) a region which has or which formerly had 
a periglacial tundra climate. 

Other periglacial phenomena along the Niagara escarpment find many 
parallels in other regions. "Head", solifluction aprons, block trains, and 
thermoclastic cavern breakdown are ubiquitous wherever periglacial tundra 
climates formei;ly were effective .. 

Accumulations analogous in origin to the West Union talus probably 
occur in retreatal gorges associated with caves underlyü1g rninor valleys in 
other formerly periglacial regions. However, where caves are not developed 
parallel beneath minor valleys, and in perpetually warm regions beyond the 
limits of former tundra periglacial climates, it seems unlikely that such deposits 
could have developed. 

Periglacial features in the Upper ·Mississippi Valley region are widely 
developed in materials of Altonian (early Wisconsinan) ages. They generally 
are absent from deposits of Valderan (late Wisconsinan) ages. These character­
istics, together with the geographic concentration of periglacial phenomena 
within the area surrounded by middle-Wisconsinan drifts of the Des Moines 
and Green Bay lobes, suggests that periglacial phenomena in the Upper 
Mississippi Valley region are largely Woodfordian (middle Wisconsinan) in 
age. 
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However, direct, unequivocal evidence that the periglacial features along 
the Niagara escarpment are W oodfordian in age is lacking. Expanded joints 
are found along valleys excavated as recently as the Sangamon stage. West 
Union talus occurs in valleys younger than the Iowan. Slope colluvium and 
solifluction aprons evidently have formed since deposition of the Peorian 
loess. At least some of the periglacial features are, therefore, quite young, 
but their exact ages can only be inferred from data in other parts of the region. 
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