
-------~~----------..,,.,,H.,...-:fL:-::--::iIObbs III 

BULLETIN 
OF THE 

NATIONAL SPELEOLOGICAL 
SOCIETY 
VOLUME 33 NUMBER 4 

Contents 

VERTICAL CONTOUR CAVE REPRESENTATION 

CLASSIFICATION OF AUSTRALIAN CAVERNICOLES 

PROCEEDINGS OF THE SOCIETY 

MEETING IN BLACKSBURG, VmGINIA 

OCTOBER 1971 



NATIONAL SPELEOLOGICAL SOCIETY 
The National Speleological Society is a non-profit organizati'on devoted to the study 

of caves, karst and allied phenomena. It was founded in 1940 and is incorporated under 
the laws of the District of Columbia. The Society is affiliated with the American Associ­
ation for the Advancement of Science. 

The Society serves as a central agency for the collection, preservation, and dissemi­
nation of informati'on relating to speleology. It also seeks the preservation of the unique 
faunas, geological and mineralogical features, and natural beauty of caverns through an 
active conservation program. 

The affairs of the Society are controlled by an elected Board of Governors, which 
appoints National Officers. Technical affairs of the Society are administered by specialists 
in the fields that relate to speleology through the Society's Biology Section, Section on 
Cave Geology and Geography, and Research Advisory Committee. 

Publications of the Society Include the quarterly BULLETIN, the monthly NEws, 
OCCASIONAL PAPERS, and MISCELLANEOUS PUBLICATIONS. Members in all categories except 
Family Dependent receive the BULLETIN and NEws. 

A Library on speleological subjects is maintained by the Society at 21 William Street, 
Closter, New Jersey 07624. Material is available to Society members at a nominal fee to 
defray the cost of handling, and to others through inter-library loan. An extensive file of 
information on caves of the United States is maintained by the Society and is currently 
housed in Lawrence, Kansas. 

OFFICERS 1971-72 

R.\.NE L. Cum., President WAYNE FooTE, Adm. Vice Preaidenl 
JoHN E. CooPER, Executive Vice President DONALD N. COURNOYER, Treasurer 

RUSSELL H. GURNEE 
WILLIAM R. HALLIDAY 
G. P. "JIM" HIXSON 
KENNETH N. LAIDLAW 

DIRECTORS 

ALANE. HILL 
DAVID IRVING 
CHARLES v. LARSON 
DAVID R. MCCLURG 

DWIGHT E. DEAL 
WILLIAM MIXON 
JOHN A. STELLMACE 
EUGENE VEHSLAGE 

RESEARCH ADVISORY COMMITTEE 

BIOLOGY SECTION 
DR. RICHARD GRAHAM 

Dept. of Biology 
Upsala College 
East Orange, N. J. 07019 

DR. }OHN R. HOLSINGER 
Dept. 0£ Biology 

Old Dominion University 
Norfolk, Va. 23508 

SECTION ON CAVE GEOLOGY 
AND GEOGRAPHY 

DR. WILLIAM WHITE 
Materials Research Laboratory 
210 Engineering Science Building 
The Pennsylvania State University 
University Park, Pa. 16802 

BULLETIN 

of the 

NATIONAL SPELEOLOGICAL SOCIETY 
VOLUME 33, NUMBER 4 OCTOBER 1971 

CONTENTS 

A VERTICAL Co TOUR METHOD OF CAVE REPRESENTATION ...... Theodore R. Steinke 127 

THE CLASSIFICATION OF AUSTRALIAN CAVERNICOLES WITH PARTICULAR 
REFERENCE TO RHAPHIDOPHORIDAE ( Orthoptera) .......... Ao la M. Richards 

RECE T CAVE BIOLOGY PAPERS APPEARING IN OTHER JouR ALS .. Bfology Section, NSS 

PROCEEDINGS OF THE SOCIETY (ABSTRACTS OF p APER PRESENTED AT THE 
MEETING IN BLACKSBURG, VIRGINIA, JUNE, 1971): 

KAR T RECONNAI ANCE IN THE HIMALAYAS ................... Julian Coward 
CHARACTERISTICS OF CA VERN DEVELOPME T IN THE DOLOMITE-LIMESTONE 

SEQUENCE OF NEw JERSEY ..... ..... Richard Dalton and Frank J. Markewicz 
TOPOGRAPHIC AND STRUCTURAL CONTROL OF CAVE-PASSAGE ORIENTATION 

IN GENTLY FOLDED LIMESTONES: APPALACHIAN PLATEAUS PROVINCE, 
WEST VIRGINIA ...... . .. .. ......... Douglas Medville and Hazel Medville 

GLOBULARITE CRYSTALLIZATION IN THORN MOUNTAIN CAVE, 
WEST VIRGINIA .................. Paul L. Broughton and John W. Murray 

GEOLOGICAL A D BIOLOGICAL RECONNAISSANCE OF NEW DISCOVERY, 
MAMMOTH CAVE NATIONAL PARK, KENTUCKY ..... John P. Wilcox, 

135 

140 

141 

141 

142 

142 

William B. White, Thomas L. Poulson, William R. Crowther 142 
ORIGIN OF THE PsEUDOKARST IN THE ScHAWANGUNK MouNTAINS, 

SouTHEASTERN NEW YoRK .. . ..... . ................ .... Eberhard Werner 143 
INFLUENCE OF SHALE IN THE DEVELOPMENT OF WILDCAT CAVE, 

ORANGE CouNTY, INDIANA . . ...... . ...... ....... David Des Marais 143 
SOME EFFECTS OF THRUST PLANES ON CAVERN DEVELOPMENT 

John M. Rutherford 144 
THE KARST MORPHOLOGY OF THE MILLIGAN CREEK BASI ' 

GREENBRIER COUNTY, WEST VIRGINIA ........... . .... William K. Jones 144 
CANDOLUMINESCENCE OF CAVE GYPSUM 

John W. Hess, John R. Sweet, and William B. White 145 
ALPINE KARST IN THE MT. CASTLEGUARD-COLUMBIA ICEFIELD AREA, 

CANADIAN RocKY MouNTAINS ......................... .. .. Derek C. Ford 145 
APPLICATION OF STABLE CARBON ISOTOPE STUDIES TO THE 

INVESTIGATION KARST PROCESSES . . . . . . . . . . . .. Russell S. Harmon 146 
CA VE CONDUIT A COMPONENTS OF SURFACE STREAM CHANNELS: 

MEANDER BEND CuT-0FFS .. . . . . ... ... John W. Hess and William B. White 146 
MINIMUM DIAMETER OF STALACTITES AND STALAGMITES ......... Rane L. Curl 147 
GEOLOGICAL RECO i AISSANCE OF TIMPANOGOS CAVE, UTAH 

William B. White and James J. Van Gundy 147 
CAVES OF OKINAWA ............. .... . Douglas W. Rhodes and Edward Arters 148 
CANADIAN CAVING . . . ... . . Derek C. Ford 148 
GILLEY CAVE, LEE Cou TY, VIRGINIA . . . . . . . . . . ... Roger Baroody 148 
ANDROS BLUE HoLE , BAHAMAS .. . .................... . George J. Benjamin 148 



CONTENTS (Continued) 

MAJOR NEW CAVE DISCOVERY NEAR MAXWELTO 
GREE BRIER. Cou TY, WE T VrnGr IA . . . . . . . . . . ............ J. C. Hempel 149 

THE CuRRE T STATUS OF "THE HoLE," 
GREE BRIER CouNTY, WE 'T VmGr IA ...... .. ........ . John M. Rutherford 149 

THE SLoA 's VALLEY CAVE SYSTEM, KE 'TUCKY . . . . . . . . . Louis Simpson 150 
Two TYPE OF GLACIER CAVES . .. . .... . ................... G. D. McK nzie 150 
A NEw ExPLA ATION OF LIME TO E CAVER GE ESI .. . ...... Derek C. Ford 151 
Am TRACING IN THE GARRISON CHAPEL RIDGE, INDIA A ... .. David Des Marais 151 
CAVING/ CLIMB! G ROPE A ID RoPE TE TING . .. . Dav Mischke and Bob Vocke 152 
THE EvoLUTION OF "JrM WmTE' OwN STORY" .. . . . ..... William R. Halliday 152 
BALL's CAVE, EW YoRK: 0 E Hu DRED FORTY YEAR OF ExPLORATIO 

Ern t H. Ka tning 152 
PEN YLVANIA' ONLY SALTPETRE CAVE: A BACKGROU D STUDY .. P ter M. Hauer 152 

AMES OF CAVES AND CA VE FEATURE ON FLINT RIDGE, 
MAMMOTH CAVE ATIO AL PARK, KE TUCKY . ............. John F. Bridg 153 

THE AMERICA ANTIQUARIAN SOCIETY'S VER ION OF THE 
Hr TORY OF FA wN HooF . . . . . . . . ......... . ..... William R. Halliday 153 

EARLY EXPLORATIONS OF MAMMOTH CAvE, KENTUCKY . . .. . .. ... Harold Meloy 153 
THE EvoLUTIO OF THE MAMMOTH CAVE Po TCARD .. . ..... Ernst H. Kastning 153 

The BULLETIN is published quarterly. The subscription rate in effect January 1, 1971: 
$6.00 per year. 

Office Address: 

NATIONAL SPELEOLOGICAL SOCIETY 
CAVE AVENUE 
HUNTSVILLE, ALABAMA 35810 

Discu sion of papers published in the BuLLETI is invited. Discussions should be 2,000 
words or less in length with not more than 3 illustrati'ons. Discussions should be forwarded 
to the appropriate editor within three months of publication of the original paper. 

Biology Editor 

DR. DAVID c. CULVER 
Dept. of Biological Sci nee 
Northwestern University 
Evanston, Ill. 60201 

MANAGING EDITOR 

DAVID IRVING 
102 Olean Road 

Oak Ridge, T nnessee 37830 

Copy Editor 

FRA cr McKrNNEY 

Earth Sciences Editor 

DR. WILLIAM B. WHITE 
Mat rials R s arch Laboratory 
210 Engfoeering Science Building 
The Pennsylvania State University 
University Park, Pa. 16802 

Copyright 1971 by the National Spel ological Society, Inc. 

A Vertical Contour Method 

of Cave Representation 

Theodore R. Steinke 0 

ABSTRACT 

Understanding of the cave-forming process or processes has been hindered 
by the lack of an acceptable means of repres nting the thr -dimen ional form 
of caves. In this paper a set of illustrations is used to show how a vertical 
contour method can be us d to d velop reali tic three-dim n ional repr sentations 
of caves. The technique uses information which is normally available on good 
cave maps, requir s no special equipment, and can b used succ ssfully by any 
person regardless of his artistic capabilities. 

INTRODUCTION 

Among the factors which hinder under­
standing 0£ the cave-forming process or 
processes, speleologists would list the diffi­
culty in delimiting the critical parameters 
of cave formation, the limited but growing 
understanding of the solvent action of ground 
water in lime tone, and the difficulty in 
gathering descriptive information about caves. 
But anoth r and equally important factor 
has contributed to our ignorance, and this 
has been the absence of an adequate graphic 
means of representing the cave system in 
three space which could facilitate the under­
standing of relationships within the cave 
important to its formation. 

Most good cave maps relate information 
about both the horizontal and vertical char­
acteristics 0£ a cave. The planimetric repre­
sentation of a cave includes passage outline 
as well as features such as water, breakdown, 
and flowstone. To show information in the 
vertical plan , cave cartographers rely on a 
number of conventions such as numerical 
ceiling heights to show magnitud of the 
cave i'n the vertical direction, cross sections 
to how passage hape, hachures to show 
slope or changes in slope, ticked and dashed 
lines to show ledges or undercuts, and a 

0 D epartment of Geography, The University of 
Kansas, Lawren ce, Kan a . 

profile to show a single longitudinal section 
of the cave supposedly along the center line 
of the passage, along the survey line, or 
along a line of greatest interest.1 There is 
a growing awareness that most of the con­
ventions listed above are inadequate in t rms 
of the readers' understandi'ng of the vertical 
configuration of all but the most simple 
caves. This is probably true for all readers 
regard! ss of the nature of their interest in 
the cave. Certainly the ready comprehen­
sion of a cave's horizontal and vertical char­
acteristics are as desirable to the sport caver 
as they are to the scientist. 

While most of the conventions used on 
cave maps transfer information to the reader, 
certain ones are more helpful than others. 
In an article Brown ( 1970) reported that 
the quality and accuracy of a cave map was 
determined by means of a field test. The 
results of this test indicated " ... that £rom 
looki'ng at the map we couldn't conceive 
what the cave would look like." The author 

1 For xampl of cave maps which make u e of 
the above symbology see those of A. Williams in the 
Cave Crawlers Gazette, J. Hedges in the Iowa 
Intercom and Wisconsin Speleologist, J. Nieland and 
S. Knutson in The Speleograph (Oregon Grotto), 
and T. Raines, 0. Knox, and others in Caves of 
the Inter-American Highway; and for cave maps of 
consi tently high quality, see those which appear in 
Missouri Speleology. 
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goes on, however, to point out that the cross 
sections were perhaps one of the most help­
ful features of the map. This is also held 
by Breisch ( 1970) · who states that, "The 
importance lies in that cross sections give a 
much clearer und r tanding of passage shape 
than is available from maps without this 
information. Ther fore it is desirable that 
all maps contain passage shape information 
through the use of numerous cro s sections. 
It is hoped that more use will be made of 
cross sections and that new and more graphic 
methods of depicting cave pa sages will be 
developed." In another article, Breisch 
( 1969) d scribes a cave survey technique 
where all of the cave measurements are 
ynthesized i'nto a eries of passage cro s 

sections which are displayed in perspective. 
A number of people including thi author 
are 0£ the opinion that the passage cross 
section may be one of the mo t revealing 
features of a cave map. The method dis· 
cussed in this paper is an attempt to show 
cave form by means of the cross sectfon 
here referred to as the vertical contour. 

METHODS OF ADDI G 3-D DETAIL TO 

CAVE MAP 

Cave mappers have recognized the three­
dimensional inadequacies of their products 
and have tried to develop new techniques 
or to make u e of existing ones to supple­
ment the typical cave map. Attempts to 
date at hawing additional information about 
the vertical nature of the cave fall into 
several categories. 

One of these superimposes the topography 
of the area overlying the cave onto a plan 
of the cave. 2 The purpose of such a repre­
sentation is to place the cave in the proper 
regional topographic setting and to help 
determine the relationship that exists be­
tween the cave and the overlying slope and 

2 See for example R. Bridgemon ( 1965), "The 
Caves of Baker Creek with Reference to the Baker 
Creek System, White Pine County, Nevada," Ari­
zona Caver, 2 ( 4) :44-79; Central Indiana Grotto 
( 1966), "Henderson Park Caves," GIG Newsletter, 
10( 10) :189; and J. Gurnee (ed.) ( 1968), National 
Speleological Societv Field Trip to Aguas Buenas 
Caves, Puerto Rico, p. 5. 

drainage. Such representations can be very 
helpful in determi'ning the d velopmental 
history of the cave but usually do not aid 
the reader in vi ualizing the three-dimen­
sional character 0£ the cave. In fact, because 
the method usually necessitates the reduc­
tion of the cave plan, details of the cave 
itself may be lost. For this reason the illus­
tration should always be accompanied by 
the u ual cave map. 

Ford ( 1965) has demonstrated a method 
of contouring caves. His method adds to 
the fund of information concerning the 
three-dimensional character of the cave by 
connecting all point on the floor or ceiling 
of a cave which lie at the same elevation. 
While the reader is now able to readily 
perceive regional slope i'n the cave, he is 
still unable to visualize the form of the cave. 

In caves with considerable complexity in 
the vertical plane, the inadequate plan view 
should be supplemented wi'th one or more 
three-dimensional illustratfons of those por­
tions of the cave least well shown on the plan. 
Brod (1962) di cu ses three techniques of this 
type-the isometric, the cut and fold back, 
and the conventional perspective-but points 
out that "All of these representations require 
a fair amount of artistic ability ... " Such 
artistic sketching is certainly desirable when­
ever possible because it provides an excellent 
representation of the form of the cave. 3 

Unfortunately, few cave cartographers have 
the talent necessary to render caves in this 
way. 

In attempts to show passage form and 
relationship, Deike ( 1967) has made use of 
several rather rudimentary yet effective 
sketches which add greatly to the readers' 
und rstanding of the form of the cave pas­
sage. Unfortunately such sketches lack 
positional control and ther fore preclude the 
use of this technique for all but very small 
caves or limited portions of larger caves. 

While trying to represent cave systems 
developed in complex structure, Goodchild 
( 1969) and others have experimented with 

3 For an example of thi type of sketch see the 
map of Tower Pit by T. Yokum (1966), Missouri 
Speleology, 8 ( 1) :46. 
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stereographic cave mapping. The technique 
is sound but so far has two serious draw­
backs. It requires the use 0£ a computer 
and plotter, and it has not y t been p r­
fected to the point where passage form can 
b shown. 

All of the aforementioned three-dimen­
sional techniques ither: 1) w re develop cl 
for some purpose other than showing cave 
form, 2) requfre arti tic talent b yond that 
of the average cave mapper, 3) are insuf­
ficiently accurate to represent an entire cave 
in anything more than a sketch, or 4) re­
quire the use of a computer plott r. 

The use to which a given representation 
of a cave is going to be put is the primary 
factor influencing the nature of that r pre­
sentation. The type of representation help­
ful to the person studying internal cave 
geology or cave biology or to the person 
interest d in cave commercialization might 
not be as helpful to the person interested in 
cave hydrology or sp 1 og nesis. The fol­
lowing method of cave representation is 
proposed for the use of the latter group. 

THE VERTICAL CONTOUR METHOD 

From a geological point of view, a cave 
is an anomaly i'n the sense that it is an 
abs nee of rock in a lithologic environment. 
This is the point of view from which the 
cave cartographer tries to represent the cave. 
He i's faced with the problem of trying 
to r pr nt thr -dimensional nothingness. 
What the cartographer in fact must do is 
r present the air/rock interfac , and the 
question arises as to how he is best able to 
show this three-dimensional surface. The 
cartographer must reverse the properties of 
the cave and its urrounding b drock so that 
he is now dealing with a three-dimen fonal 
cave of solid forn1 surrounded by a void 
rather than a void hidden from vi w by the 
surrounding rock. In other words visualize 
the cave as a cast u pend d in space rather 
than the mold it actually is. The vertical 
contour method 4 allows repr entation of 

4 For more detailed discussions of this graphic 
technique see K. T anaka ( 1932) , "The Ortho­
graphical Relief Method of Representing Hill F ea­
ture on a Topographical Map," Geographical 
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this three-dimensional cave of solid form 
u ing nothing more than an exi ting high 
quality cave map and the usual drafting 
equipment. 

Belle Star Cave, Stone County, Missouri, 
was chosen a the subject in this presenta­
tion.5 The map, prepared by B. Taylor and 
D. Rimbach, was cho en for two reasons: 
( 1 ) It possesses the two features necessary 

PLAN 

Figure 1. The cave profile at the top and 
the cave plan at the bottom are the two 
basic ingredients n eded for the construc­
tion of a vertical contour map of a cave. 

ote that unnecessary information such as 
ceiling heights, water bodies, interior sedi­
ments and urrounding bedrock have been 
removed from the profile and plan. (Belle 
Star Cave, Stone County, Missouri.) 

for this technique: ( a) a plan with supple­
m ntary information and ( b) a longitudinal 
profile. ( 2) It is a small and simple cave 
which will allow concentration on the tech-

Journal, 79:213-19; A. H. Robinson and N. J. W. 
Thrower ( 1957), "A New Method of Terrain Rep­
resentation," Geographical Review, 47 :507-20; 
A. II. Robinson ( 1969), Elem ents of Cartography, 
(New York: John Wiley & Sons) , 3rd ed. pp. 
189-196; N. J. W. Thrower ( 1963 ) , " Extended 
Uses of the Method of Orthogonal Mapping of 
Traces of Parallel Inclined Planes with a Surface, 
Esp cially T errain," International Y earbook of Cart­
ogra]Jhy III, ( Gutersloh: C. Bertelsman), pp. 27-
28; and G. F. Jenk and D. A. Brown (1966), 
" Thr e Dim nsional Map Construction," Science, 
154(3750) :857-64. 

5 Missouri Speleology, 9 ( 2) :23 ( 1967). 

129 



n:lque without introduction of the complexi­
ties resulting from the use of a larger cave. 
This by no means should be taken to indi­
cate that the technique should not or 
cannot be used to represent larger caves. 

function of this grid will become apparent 
shortly. 

At the top of Figure 3 is seen the profile 
of the cave with the lowest cutting plane, 
which has been arbitrarily labelled the 0-ft 
plan . This plane cuts through the bottom 

Co... TRUCTION OF THE MAP 0£ the cave and creates the trace or contour 
The two basic requirements for this shown in heavy black at the bottom of the 

method, the cave profile and the cave plan illustration. This becomes the 0-ft hori'zontal 
(Figure 1 ) , are needed so that a set of contour. 
horizontal contours can be prepared for the -v-·---~~, 

cave. In Figure 2 a set 0£ lines which rep-

'---., 
.. --·---.. ··-·-· ........... ·-··-·- . . .. ... .... .. . . .. -· (\ 
=~::.: . .-=·~:·:·::-:: ·:~::~:'. . : ~ ·::.:·::.~.:~·:····~:: .. ~:·::.~~ ... ·~~·:.~~: "-.:.~ ::~.::··~.:.~ .:.-.:-::- . .-~ 20· _-_-_ -_ - _-_ ·-_ .... _--_ ... -_~_· ...... I _ .......... f' __ ,_, ....;.'· ""'"':::=:------:_,-:1-- o' 

: .. ~.. . .... =·-=::-::- -· .. 10' 
...................................................... '''''" . . ................. -·· ····-- .... .. ...... ...... . ...... -··-··-··-·····-···· .... .. 
.... -... . . . . . . ........ -
_ .. ·-·· .. ··-· ···---. . .. .... - . . . --· ·- o· 

t6 15 14 13 12 u 10 9 a 1 a s 4 a 2 l 

Figure 2. Horizontal cutting planes sepa­
rated by an arbitrary interval of 2.5 ft 
are placed over the profile at the top while 
a 5-£t square grid is placed over the plan 
at the bottom. Such graphic additions 
allow for the systematic three-dimensional 
construction of the cave. 

resent a series of horizontal planes cutting 
through the cave are placed on the profile. 
The interval betwe n these planes is arbitrary 
but is usually inversely related to the scale 
of the plan: the larger the scale the smaller 
the interval. When the number of planes is 
increased by decreasing the interval, the 
accuracy of the finished product is increased 
but o is the amount of work involved. For 
thi's cave I used an interval of 2.5 feet. A 
quare grid who e density is again arbitrary 

is placed on the plan in Figure 2. The same 
relationship between accuracy and work 
holds for grid density as for plane interval. 
A 5-foot grid was used i'n this ca . The 

Figure 3. At the top is the lowest of the 
cutting plane which has been labeled the 
0-ft plane. At the bottom is the cut line 
or horizontal contour created by the inter­
section of the 0-ft cutting plane and the 
air/rock interface of the cave. In a similar 
manner horizontal contours can be pro­
duced for all cutting planes from the 
bottom to the top of the cave. 

The square grid mentioned above is now 
placed over the 0-ft horizontal contour as 
shown at the top of Figure 4. This grid is 
then put through a transformatfon, and the 
contour is transformed by transferring it to 
the transformed grid by the similar squares 
method.6 Thi's produces the 0-ft transformed 
horizontal contour shown at the bottom 
of Figure 4. The reason for performing the 
transformation is to move the readers' point 
of view from directly above the cave to 
some other more advantageous position. The 
same thing is done when looking at the 
three-dimensional properties of a box. You 

6 This transformation can be performed with Jess 
effort by using the crossed-slit anamorphoser as 
reported by Jenks and Brown, op. cit. (footnote 4), 
pp. 860-63. 
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Figure At the top the square grid shown 
in Fi'gurc 2 is placed over the 0-ft hori­
zontal contour developed in Figure 3. This 
square grid is th n put through a trans­
formation to alter the readers' viewing 
position, and the horizontal contour is 
transferred to the new grid by the similar 
squares method. The result is the trans­
formed horizontal contour shown at the 
bottom. 

do not look strai'ght down at the box, you 
hold it out in front of you below eye level 
with a corner facing you. For the best three­
dimensional view of the cave, the same 
thing is done. By varying the transforma­
tion, the viewing azimuth can be varied 
through 360° . Thus the cave can be looked 
at from the north, outh, east, or west-or 
anywhere in between. In the same way the 
v:lewing angle or elevation can be varied 
from 0° on the horizon (so the cave is 
looked at directly from the side) to 90 ° 
above or below the horizon or anywhere in 
between. That viewing position which ex­
poses the greatest amount of cave should 
be chosen.1 

7 For guidelines in selecting proper viewing angle, 
see G. F. Jenks and P. V. Crawford ( 1967), 
"Viewing Points for Three-Dimensional Maps," 
ONR Technical Report No. 3, NR 389-146 Nonr 
583 ( 15), Department of Geography, The Univer­
sity of Kansas, Lawrence, Kansas, September 1967, 
26 pp. 
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The next highest cutting plane, the 2.5-ft, 
i then proj cted down onto the plan to 
produce the 2.5-ft horizontal contour. The 
grid is sup ri'mposed on the 2.5-ft horizontal 
contour, and the transformation is performed 
in the same way as for the 0-ft contour. 
When this is done for the entire cave, a 
complete set of transformed horizontal con­
tours ( 0 through 25-ft) are produced as 
shown in Figure 5. 

0 
TRANSFORMED 

HORIZONTAL 

CONTOURS 

Figure 5. This illustration shows all hori­
zontal contours after they have been trans­
formed. 

Now the uppermost of the transformed 
horizontal contours shown in Figure 5 (25-ft) 
i's traced onto a sheet of paper. Then that 
portion of the next highest contour ( 22.5-ft) 
that is not obscured by the uppermost con­
tour is added to the drawing one contour 
interval below the first. At this point the 
entire 25-ft transformed contour is seen 
plus that portion of the 22.5-ft contour 
which is not obstructed by the 25-ft contour. 
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Thi addition of contour continues until all 
tran form d horizontal contours are array d 
along the vertical . axis separated from one 
another by the 2.5-ft contour int rval. The 
results are shown in Figure 6. The cave is 
alr ady taking form. The s t of horizontal 
contours is now complete, and the construc­
tion of th vertical contours can begin. 

Figure 6. When all tran form d horizontal 
contours have been arrayed along the ver­
ti'cal axis, eparat d from one another by 
the contour interval and showing only 
thos portion of th ontour not hid by 
the contours above them, the result is thi 
horizontal contour map. 

On the upp rmost transformed horizontal 
contour, points are delimited where the 
tran verse grid lines (the numbered ones) 
inter ect th contour. In Figure 7 the two 
points are shown which are formed by the 
int r ection of line numb r 6 with the 25-ft 

7 

Figure two points are delim-
it d wh r th numb r 6 tran v r grid 
line intersects the uppermost transformed 
horizontal ontour. 

horizontal contour. This is done for the 
next lowest horizontal contour, th 22.5-ft, 
and ultimately for all the horizontal contours. 
A vertical contour can now be drawn by 
connecting all points created by the inter-
ection of grid line number 6 and the hori­

zontal contours. Such a vertical contour is 
hown in Figure 8. Lik wise this can be done 

Figure 8. Wh n inter ctions 0£ the num­
ber 6 transverse grid line and all other 
transform d horizontal contours are de­
limited, all these point can be connected 
with a lin which b comes the transver e 
vertical contour shown. 

for all transver grid lin . The r sult is the 
set of vertical contours shown in Figure 9. 

Figur 9. Tran v r e vertical contour can 
be developed for all transverse grid li'ne 
and, when arrang d in the above man­
ner, become the transverse vertical contour 
map of the av 
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When the same procedur is followed for 
the longitudinal grid lin (tho e which are 
lab lled alphabetically), the result is the set 
of longitudinal v rtical contour shown in 
Figure 10. ote that th y are at right angles 

Figur 10. In th am way a shown in 
Figures 7, 8, and 9, vertical contours can 
b d veloped for all longitudinal grid 
lines. The complete set of longitudinal 
vertical contours i hown. 

to the first t of vertical contour shown in 
Figur 9. 

The tran formed horizontal contours, the 
tran ver e vertical contour , and the longi­
tudinal vertical contour can all be put to-

Figur 11. Thi fishn t of th cave r ult 
from the combi'nation of the transformed 
horizontal contour (Figure 6), the trans­
verse v rtical contours (Figure 9), and the 
longitudinal v rtical contour (Figure 10). 
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g th r with the r ult b ing the fl. hn t of 
th air/rock int rfac hown in igur 11. 
While ome people find this rendition of the 
cav pl a ing, I find the fi hn t too loo to 
be perceptually pleasing and the intersecting 
lin som what distractiv . I much pr fer 
the product that results from going back to 
th s t of tran vers v rtical contour (Fig­
ure 9) and interpolating a set of additional 
tran v r vertical contours b tween tho e 
originally constructed. The resulting illu tra­
tion, hown in Figure 12, provi'd a more 

Figur 12. Interpolation of an additional 
set of transverse vertical contours betw n 
tho alr ady d velop d in Figure 9 giv 
a more continuous and reali'stic repre en­
ta tion of the cav . 

r ali tic repre ntation of what I think th 
cave looks like and is the vertical contour 
map of th cav . 

Co Lu 10 

The vertical contour method of cave rep­
r ntation provide a reali tic r ndition 0£ 
cave form and does so using information 
commonly found on isting cav map . The 
technique is not meant to r place but to 
uppl m nt pr s ntly produ <l av map . 

Since time inputs are gr at, use of the 
m thod may not b pra ti al for extr m ly 
large caves, but the method hould be u e­
ful for displaying small and interm diate 
portions of large cave sy terns. 
iz cav as well a the more inter ti'ng 
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The Classification of Australian 

Cavernicoles 

Reference to 

With Particular 

Rhaphidophoridae 
( Orthoptera) 

Aola M. Richard 0 

ABSTRACT 

The most generally accepted clas ification of cavernicoles into three main 
categories-trogloxenes, troglophil s, and troglobites-is re tat d. A proposal by 
Hamilton-Smith ( 1971) to divide troglophiles into two groups based on knowledge 
of th Australi'an fauna is invalidated and shown to be ba ed on insufficient data. 
The cavernicolous status of some species of Macropathinae ( Rhaphidophoridae) 
i di cussed, and, on the ba is of their cological and reproducti've b havior, all 
species studied so far are classified as troglophiles. No trogloxenic Macropathi'nae 
are known. 

Cavernicolous animals are usually classi­
fied into different categories depending on 
their d gr e of adaptation to the cave en­
vironment. Over the last 120 years variou 
classification have been proposed, but that 
of Schiner ( 1854) has been generally ac­
cept d by bfospeleologi ts and ecologi ts. 
He divided cave animals into three main 
groups-troglobites, troglophil , and occa­
sional guests. Later the term "trogloxene" 
was propos d by Racovitza ( 1907) to re­
place the third group. Accept d definitions 
0£ these categories are as follows: 

1. Troglobites: obligatory cavernicoles un­
abl to xi t outsid the cave nvironm nt. 

2. Troglophiles: facultative cavernicoles 
fr qu ntly comp! ting their life cycle in 
caves but not confined to this habitat. 

3. Trogloxenes: facultative or adv ntive 
cavernicoles spending only part of the 
life cycl in the cave habitat. 

0 School of Zoology, University of ew South 
Wale, Sydn y, New South Wales, Australia. 

This ecological classification has given 
rise to many difficulties because of lack of 
knowl dg of the ecology and reproductive 
behavior of most cavernicoles. evertheless 
these t rm are accepted by most biosp le­
ologists. To them I would add a fourth 
category, "accidentals," as they are potential 
colonizers of the cave habi'tat. 

In hi latest classification of covernicole , 
Hamilton-Smith ( 1971) separates cave ani­
mal into sev n cat gori s and splits trog­
lophiles into two divisions-fir t level and 
econd I vel-dep nding on whether or not 

they ar known only from caves. Thi's is 
based on a review of Australian cave fauna 
(Hamilton-Smith, 1967a) in which 33 sp -
cies are listed first-level and 30 species as 
second-lev I troglophil s. Hamilton-Smith 
( 1971) also rep at his objection (Hamilton-
mith, 1967a) to my u e of. th t rm trog­

lophile ( Ri'chards, 1968a) to describe the 
tatu of cav rnicolou m mb r of the Rha­

phidophoridae ( Orthoptera). Unfortunately 
his propo d cla sification of troglophiles is 
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based on insufficient information, and many 
of his assumptions ar not valid for known 
data. 

CLASSIFICATIO OF TROGLOPHILES 

Subterranean ecology has received little 
attention from biospeleologists, and the in­
formation available is considered to be frag­
mentary, often superficial, and often incorrect 
(Vandel, 1965). Close study has been re­
stricted to a f w caves in Europe, orth 
America, Malaysia, Australia, and the Congo. 
As current knowledge on anything but the 
taxonomy of cave ani'mals is very limited, 
at this stage the definitions of different cate­
gories of cave animals should preferably be 
kept a broad and as flexible as possible. 
This is particularly the case when discussing 
Southern Hemisphere sp cies, for g neraliza­
tions based on Northern Hemi'sphere fauna 
have erroneously been made to include the 
cave fauna of the world. 

Hamilton-Smith ( 1967 a) lists three Null­
arbor carabid beetles-Notospeophonus pal­
lidus Moore, Thenarotes speluncarius Moore, 
and Speotarus lucifugus Moore-as second­
level troglophiles known only from caves, 
and in another paper ( Hamilton-Smith, 
1967b), he adds two further Nullarbor cave 
species to thi's second-level category-the 
pseudoscorpion, Protochelifer cavernarum 
Beier, and the cave-weta, Pallidotettix null­
arborensis Richards. He considers these five 
species to be forms "which, although not 
troglobitic, appear to be confined to caves." 
He adds, "It seems likely these are all rel­
icts of wetter surface conditions and were 
stranded in the caves a aridity increased 
. . . Perhaps the most hygrophilous 0£ all 
these is the cave-weta." 

My studies on the biology and ecology 
of Nullarbor cave arthropods (Richards, 
1970 and in press a), the first such studies 
undertaken on Australfan cavernicoles, show 
that the Nullarbor species wander through­
out the cave systems. Of the 46 species from 
the Dark Zone biotope, 13 have been re­
corded over a distance extending from 1.6 
to 0.8 km within the caves, to the Twilight 
Zone of the entrance talus slope, or to the 
cave doline. Amongst the e 13 species are 

the five listed by Hamilton-Smith as second-
1 vel troglophiles. Pallidotettix nullarboren­
sis has also been recorded from the surface 
of the plain. 

A study of the microclimate of the Null­
arbor caves and the epigean environment 
(Richards, in press a) has shown that while 
there is a very marked di1I rence between 
the two regions in the daytime, so that many 
cavernicoles die on exposure to the epigean 
climate, at night similarity in climate enables 
certai'n cavernicoles to explore the entrance 
doline or even the surface of the plain. 
Food cannot be the main incentive for their 
behavior as there is a plentiful food supply 
inside the caves. While I regard Pallidotet­
tix as more cave adapted than most of the 
Nullarbor cavernicoles, neither it nor the 
other speci'es li ted by Hamilton-Smith qual­
if.y as second-level troglophiles, but they all 
fit into the broader definition of a troglophile. 
Their behavior does not support his concept 
of a well established cave fauna. 

Hamilton-Smith ( 1967 a) considers that 
Speotarus lucifugus, as a second-level trog­
lophile, "demonstrate ( s) in a striki'ng way 
the relictual distribution pattern which is 
not uncommon among cavernicoles." How­
ever this species is now known to occur in 
caves from Ashford in northern New South 
Wales to J urien Bay in coastal Western 
Australi'a (Richards, in press a) ; so it is 
widely distributed across southern Australia. 
Its presence in 10 Nullarbor caves and in the 
dolines of two of these suggests that the 
species probably also occurs on the surface 
and that its distribution pattern is due to sur­
face migration rather than relict distribution. 

Thus Hamilton-Smi'th's classification of 
second-level troglophiles from Nullarbor 
caves is not valid, and as a result, doubt is 
cast on his classification of second-level trog­
lophiles in the little known faunas of other 
regions. A detailed study 0£ the fauna 
around cave entrances would not only estab­
lish relationships with certai'n members of 
the epigean fauna but would also reveal how 
large a proportion of the cave population 
emerges from caves at night and under what 
conditions these movements are triggered. 
It could clarify whether certain species have 
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relict distributions. A wide and interesting 
field of r s arch is open to biospeleologists 
studying the behavior of cavernicoles, which 
could lead eventually to a more meaningful 
classification. 

TROGLOPHILIC STATUS OF RHAPHIDOPHORIDAE 

The Rhaphidophoridae are a family of 
Gryllacridoi'dae which are secretive in their 
habits, seeking out dark, humid habitats. 
They occur in the bush under stones, logs, 
dead leaves, or loose bark; some may dig 
holes in the ground, others occupy used or 
disused burrows of vertebrates, and many 
may congregate in natural or man-made 
cavities such as caves, rock shelters, or tun­
n ls. The ab ence of sound and their mot­
tled brown coloration make them very 
incon picuous. 

Cavernicolous Rhaphi'dophoridae exhibit 
variou modifications and adaptations to the 
cave environment. Their legs and antennae 
may be greatly elongated, the degree of 
pigmentation may vary, and the eyes may 
be reduced. Chopard ( 1929 ) has recorded 
an example of unusually wide variability in 
the size of the regressing eye in T achycines 
cuenoti Chopard. So far only two troglobitic 
rhaphidophorids have been described, and 
both are anophthalmic. They belong to the 
genus Diestrammena Brunner. D. caeca 
Chopard is recorded from a cave in Assam 
( Chopard, 1924), and D. cassani Chopard 
from a cave in Laos ( Chopard, 1954). 

Following Barr's ( 1968) classificati'on of 
Rhaphidophoridae as trogloxenes, Hamilton­
Smith ( 1971 ) has again questioned my in­
terpretation of the ecological status of the 
Southern Hemisphere Macropathinae ( Rha­
phidophoridae) as troglophiles. He says, 
"The treatment of the Rhaphidophoridae as 
troglophiles by Richards rests upon her dis­
tinctive and atypical interpretation of the 
category definition which appears to em­
brace forms usually consid red as 'habitual 
trogloxenes.' It therefore seems confusing 
and inappropri'ate.'' Hubbell ( 1936), Jean­
nel ( 1943 ) , and Vandel ( 1965 ) consider 
that, with the exception of the two trog­
lobites, all cavernicolous Rhaphidophoridae 
are troglophiles. Nicholas ( 1964) classifies 
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the North American cave cricket, Haden­
oecus subterraneus Scudder, as a troglophile. 
Consequently they also give a "distinctive 
and atypi'cal interpr tation" of Rhaphido­
phoridae as troglophiles. 

Hamilton-Smith has not made a detailed 
study of Rhaphidophoridae, and he has a 
very confused picture of their behavior. In 
a paper ( 1967 a), he consi'ders that the eco­
logical categories for cavernicolous animals 
are not applicable for the Rhaphidophoridae 
because they have "a diurnal movement 
cycle," and he erroneously quotes me 
( Richards, 1965) as saying such a cycle 
occurs in N ovotettix naracoortensis Richards. 
Yet in the same paper, he gives the species 
M icropathus tasmaniensis Richards as an 
example of a trogloxene because it "spend(s) 
the day within the cave, but emerge ( s) at 
night to seek food;" and in another paper 
(Hamilton-Smith, 1967b), he regards Pal­
lidotettix nullarborensis as a second-level 
troglophile "confined to caves" and "the 
most hygrophilous" member of this category. 

Among the Macropathinae, cavernicolous 
and bush species usually occupy separate 
ecological ni'ches and show no intergrades 
between a cavernicolous and epigean way of 
life. However in certain cases, cavernicolous 
species may migrate from one cave system 
to another, and individuals have been 
recorded some distance from cave areas 
( Richards, 1968b and i'n press b). There 
are only two known xamples of cavernicol­
ous species of Macropathinae that are also 
establish d in the epigean region. Parvotet­
tix goedei Richards occurs in caves or mine 
adits in northern and northeastern Tasmania, 
and isolated speci'mens have recently been 
found in rain forest in southern Tasmania. 
Cavernotettix fiindersensis ( Chopard) has 
been found in a cave in the southeast of 
Flinders Island and also in and around a 
hut situated in bush in the centre of the 
i land (Richards, i'n pr ss b). In N w Zea­
land, Gymnoplectron edwardsii ( Scudder) 
occurs in caves and tunnels on the North 
and South Islands and has also been re­
corded in large numbers in animal burrows 
on off-shore islands in Cook Strait (Richards, 
1954). The burrows may substitute for the 
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cave niche in this species, and thi's is prob­
ably not a valid pigean habitat. 

The definiti'on of a troglophile supposes 
that, while the an~al i not confined to the 
cave environment, the life cycle is usually 
completed in th cave. The whol life cycle 
of Pallidoplectron turneri Richards and 
Gymnoplectron waitomoensis (Richards) has 
been conclusively shown to be completed in 
the Waitomo Cav s, ew Zealand (Richards 
1961). The eggs are laid in the mud on the 
walls and floor of the caves, and all nym­
phal instars and adult insect spend the 
greater part of their lif.e in the cave environ­
ment. These sp ci s do not have a diurnal 
rhythm as suggested by Hamilton-Smith, but 
they exhibit a bimodal activity rhythm initi­
ated by rapidly changing light intensity at 
dusk and dawn and at th e times move 
towards cave entrances (Richards, 1965 and 
1966). Under suitable conditions, some may 
emerge a short distance into the epigean 
region where they have been observed sitting 
on the surrounding vegetation (Richards, 
1962). As a plentiful food supply is avail­
able in most caves where they occur, feedi'ng 
need not be the primary or only factor which 
stimulates them to leave caves, and it ap­
pears to be of secondary importance. Under 
suitable conditions, 20 to 30% of the total 
population may emerge and, after a period 
of 2 to 3 hours, return inside the cave. The 
presence of this rhythm does not automatic­
ally cla sify these insects as trogloxen s as 
suggested by Barr ( 1968) and Hamilton­
Smith ( 1971). Barr does admit the presence 
of circadian rhythms in troglophiles, and the 
completion of the life cycle within the cave 
shows that the two ew Zealand species 
conform with the definition of a troglophile. 

The biology 0£ two Tasmanian speci'es, 
M icropathus cavernicola Richards and M. 
tasmaniensis, has also b en describ d (Rich­
ards, 1968c). It is very similar to that of 
th ew Zealand species, and both Tas­
manian species have been classified as trog­
lophiles ( Ri'chards, 1968a). Hamilton-Smith 
( 1967a) claims that M. tasmaniensis "is 
known to be a trogloxene," but he gives no 

reference or evidence in support of this state­
m nt. The only oth r pap rs on this species 
are by Richards ( 1964, 1968b, and in press 
b) and Goede ( 1967), and neither author 
refers to its ecological status. M. tasmanien­
sis must be regarded as a troglophil and 
not as a trogloxene. 

More recently, the biology of Pallidotettix 
nullarborensis has been described (Richards, 
1970). While the seasonal cycle is different 
from oth r Macropathinae studied, the life 
cycle is also completed in caves. At night, 
the insects em rge from caves when the 
relative humi'dity is over 90% in the epigean 
region or when it exce d that in the caves. 
Analysis of the crop content of specimens 
from nine Nullarbor caves shows that this 
species i primarily carnivorous and that 
arthropods are it main food sourc . Of 33 
crops examined, angiosperm tissues were 
found in three, and they could have been 
obtained by feeding on the decaying vege­
tation washed into most of these caves. In 
one specimen only was an anther and masses 
0£ pollen found. The behavior in this species 
argues against Hamilton-Smith's ( 1971) 
statement that "their relati'onship to the 
cave ecosy tern is certainly that of a trog­
loxene, as their behavior would result in a 
con iderabl energy input to the system." 
It also invalidates Barr's ( 1968) contention 
that cave crickets "are ecologically the most 
important trogloxenes" in terms of energy 
input to the ecosystem. Pallidotettix is un­
doubtedly a troglophile. Obviously there are 
a number of behavioral and environmental 
factors involved in the emergence of rha­
phidophorids which require further study. 
Feeding is a secondary activity which may 
or may not occur. 

Unfortunately, knowledge of the life cycle 
and behavior of species within the Rhaphi­
dophoridae is still very limited, but a gen­
eral pattern is beginni'ng to emerge which 
supports the continuing u e of the term 
troglophile. Until such time as it can con­
fidently be refuted, it mu t remain as an 
acceptable description of a major ecological 
group within the family. 
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RECENT CAVE BIOLOGY PAPERS APPEARING IN OTHER JOURNALS 

Prepared by the Biology Secti'on of the National Speleological Society 

Brandon, R. A. 1971. Correlation of seasonal abundance with feedi'ng and reproductive 
activity in the grotto salamander ( Typhlotriton spelaeus). American Midland Natural­
i t 86:93-100. 

The author systematically collected post-metamorphic grotto salamanders for four years 
in a cave in Missouri. Peak abundance was in the spring and summer when rock walls were 
wettest and food organisms most abundant. Details of the reproductive cycle are given. 

Culver, D. C. 1971. Analysis of simple cave communities. III. Control of abundance. 
American Midland Naturalist 85: 173-187. 

The author examines three amphipod and isopod species from caves in West Virginia. The 
amphipod population si'zes are apparently controlled by spring flooding while the isopod 
populations are probably food-limited. 

Culver, D. C., and T. L. Poulson. 1971. Oxygen consumption and activity in closely 
related amphipod populations from cave and surface habitats. American Midland 
Naturalist 85: 7 4-84. 

In contrast to other cave animals, the metabolic rate of cave Gammarus and Stygonectes 
( Amphipoda) was not reduced compared to surface populations. 

Holsinger, J. R., and W. L. Minckley. 1971. A new genus and two new speci'es of sub­
terranean amphiphod crustaceans ( Gammaridae) from northern Mexico. Proceedings 
of the Biological Society of Washington 83: 425-444. 

The authors describe two new amphipods from thermal springs in Cuatro Cienegas. Although 
caves in the area have been checked carefully, no amphipods of this genus were found. 
The genus is related to Mediterranean forms and probably dates from considerable antiquity. 

Peck, S. B. 1970. Notes on the biology of the eyeless beetle Glacicavicola ( Coleoptera: 
Leiodidae). Annales de Speleologie 25: 235-238. 

Formerly thought to be limited to caves with permanent ice, the beetle was attracted to 
rotted meat and human dung baits in a cave containing no ice. 

Peck, S. B. 1970. The terre trial arthropod fauna of Florida caves. Florida Entomologist 
53:203-207. 

The author lists all records 0£ arthropod species known to have permanent populations in 
Florida caves. There is also a brief discussion of the biology of the species. 

Schultz, G. A. 1970. Descriptions of new subspecies of Ligidium elrodii (Packard) 
comb. nov. with notes on other isopod crustaceans from caves in North America. 
American Mi'dland Naturalist 84: 36-45. 

A description of cave-limited subspecies of a widespread surface species of terrestrial isopod. 
lt is found in caves in the southern Appalachians. 

Shear, W. A. 1971. The milliped family Conotyli'dae in North America, with a descrip­
tion of the new family Adritylidae ( Diplopoda: Chordeumida). Bulletin of the 
Museum of Comparative Zoology 141:55-98. 

The author gives species descriptions and a key to the Conotylidae, which contai'ns many 
troglophilic and one troglobitic species ( Plumatyla humerosa). He also discusses the 
relationship between the Pleistocene glaciation and the occurrence of. Conotyli'dae in caves 
and high altitude forests. 
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KARST RECO NAISSANCE IN THE HIMALAYAS 

Julian Coward 
Department of Geology 

McMaster University 
Hamilton, Ontario 

From August to December, 1970, a British Expedition studi'ed the karst and caving 
potential of two areas in the Himalayas. In the Sind Valley, Kashmir, the Carboniferous­
Triassic limestone was found to b shaly and dolomitic, but no sign of caves was found. 
The religi'ous 'Amarnath Cave' was found to be a large f.rost pocket. However, some karst 
development has tak n place in this region, and five large ( 50 ft3 I sec) springs in the Vale 
of Kashmir were studied. 

In central Nepal, near Tukche, the 15,000-ft-thick Cambrian-Silurian limestones crop 
out in a wide band dipping north-northeast. Exposures extend vertically from the valley 
at 9,000 ft elevation to the summit of Annapurna at 26,545 ft. The area was investigated 
for karst development and caves, but no caves and little karst was found. Two caves in 
the foothills of southern Nepal were visited. One near Kusma was a 600-ft-long resurgence 
cave formed in conglomerate and containing some good dripstone formations and rimstone 
pools. The other cave, near Pokhara, was 4,500 feet long and was also developed i'n con­
glomerate and very young limestones. This cave carried the entire fl.ow 0£ the Harpan River, 
with a discharge of about 100 ft3/sec. 

CHARACTERISTICS OF CA VERN DEVELOPMENT IN THE DOLOMITE­
LIMESTONE SEQUENCE OF NEW JERSEY 

Richard Dalton and Frank J. Markewicz 
New Jersey Geological Survey 

Trenton, New Jersey 

Caves of various sizes and shapes exist in the "Kittatinny Limestone"; however, until 
the recent subdivision of this thick carbonate section, the formation or formational members 
i'n which the caves occurred was not known. A compilation of the cavern data and 
recognition of the formation or formational member in which th cav s occur has re ulted 
in interesting conclusions and provides clues for future cave findings. 

Recent mapping in northern New Jer ey, detailed cor logging in conjuncti'on with an 
examination of the open rock trench at the Spruce Run Reservoir site, examination of the 
Round Valley Reservoir pipe-line trench, and preparation of the New J rsey Cave Bulletin 
forms the basis for the results obtained in thi study. 

The relationship of cavern development with the stratigraphy and lithology of the 
"Kittatinny Limestone" is compared with that found in other carbonate formations in New 
Jersey. The results show that the coarser grained dolomitic uni'ts are more susceptible to 
solution, consequently there is a greater chance 0£ finding caves in those formations that 
contain coarse-grained units. The dolomite cave study results are compared to the lime-
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stone caves found in the Ordovician-Silurian-Devonian formations and in the Precambrian 
Franklin Marble. tudi s of lim ston cave d velopment in oth r ar as indicat that finer 
grained limestones are the better cavern developers, which is in contrast to what is found 
in the dolomi'tic seq ti nee of ew Jersey. 

TOPOGRAPHIC A D STRUCTURAL CO TROL OF CAVE-PASSAGE 
ORIENTATION I GE TLY FOLDED LIMESTONES: APPALACHIAN 

PLATEA US PRO VI CE, WE T VIRGI IA 

Douglas Medville and Hazel Medville 
McLean, Virginia 

Several hundred cave in northern Pocahonta , Randolph, and Tucker counties, West 
Virginia, hav b en plor d and mapped in the past few y ar . All of these cave are in 
Mississippian li'mestones of the Greenbrier Series that generally crop out in bands 150 to 
500 ft thick along th flank of ridge in the Appalachian Plat aus physiographic province, 
near its border with the Valley and Ridge province. The tops of the ridges are commonly 
2000 to 2500 ft above local drainage level . Th di'p of th lim tones is 10° or less, and 
the strike is generally parallel to the major axes of the ridges. 

The relationship b tween local geologic structur and surface topography has result d 
in the development of several major type of cave . Cave types can be described in terms 
of the direction of strike and dip of limestone, the relationships between these di'rections 
and the trends of major ridges and valleys, and the influence that these factors have on the 
orientation of cave passages. Forecasts can also be made of the types of as-yet undiscovered 
caves that can be exp cted to be found in the area. 

GLOBULARITE CRYSTALLIZATIO I THOR MOU TAIN CAVE, 
WEST VIRGINIA 

Paul L. Broughton and John W. Murray 
Blacksburg, Virginia 

An apparently new globularite speleothem type i's forming in Thom Mountain Cave, 
'West Virginia. Spherical aggregates 0£ radiating, micro-faceted calcite fibers form on the 
termination faces of calcite crystals. This change of growth habit may have been influenced 
by ( 1) high insoluble resi'due content of the spherical aggregates relative to the basal 
crystal; ( 2) low Sr, low Ca, high Mg, or high Fe content of th aggregate relative to the 
crystal; ( 3) surface tension in a surrounding water droplet; and ( 4) entropy considerations. 

GEOLOGICAL AND BIOLOGICAL RECON AISSA CE OF NEW DISCOVERY, 
MAMMOTH CA VE NATIONAL PARK, KENTUCKY 

John P. Wilcox 
Battelle Memorial Institute, Columbus, Ohio 

Willi'am B. White 
Materials Research Laboratory, The Pennsylvania State University, 

University Park, Pa. 16802 
Thomas L. Poul on 

Department of Biology, Notre Dame University, Notre Dame, Indiana 
William R. Crowther 

8 Greenwood Road, Arlington, Mass. 

New Discov ry is an isolated egment of Mammoth Cave that occurs under the 
southern spur of Mammoth Cave Ridge known as Jim Lee Ridge. It is, for most practical 
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purposes, a separate cave. The connection with the rest of Mammoth is through small 
passag s n ar the base level. The obj ctive of the present study is to provide background 
reconnaissance geology and biology of the cave. The cave was surveyed using trlpod and 
computer data reduction techniques to provide accurate horizontal and v rtical control. 

The New Discovery main trunk is Big Avenue, a passage of comparable size to the 
largest trunks in Flint Ridge or Mammoth Cave, which extends more than a mile into a 
complex of passages near Green River. The main portions of the trunk ar completely 
dry, but the down tream terminus is in the floodwater zone. The upstream tributaries of 
Big A venu are apparently extensions of known passag s of Mammoth Cave. The Rimstone 
Dam Passage appears to be th continuation of Cleaveland A venue beyond the Carmichael 
Entrance collap ink. The w Disco ery entrance pa sage, Fossil Avenu , is apparently 
related to the Fairy Grotto passage in the historic section of Mammoth Cave. 

S dim ntation proc es hav been compl . At th mouth of Fossil Av nue is a bar 
of sandstone pebbles and cobbles. Coarse elastic debris i's strewn over the breakdown 
block farther down Big Avenu , and small remnants of th cobble armor from a stream 
channel remain some feet up on the wall of the passage. Apparently a major high-velocity 
stream us d Big Avenue for a p riod in its early history. High-lying s dim nts in the side 
loops of Big A venue contai'n a thick red silt sediment. Large selenite crystals occur at 
depth in this material, the fir t such found in the cave syst ms. Gypsum flowers occur 
profusely but locally. 

ORIGIN OF THE PSEUDOKARST I THE SCIIAWANGUNK MOU TAINS, 
SOUTHEASTERN NEW YORK 

Eberhard Werner 
Suitland, Maryland 

Massively bedded Schawangunk Quartzite overlies the relatively incompetent Hudson 
River Shales in southeastern New York State. lippag of quartzite blocks on the shal s has 
caused widening 0£ joi'nts, in some cases as much as 30 ft. Rock collapse has led to the 
development of a pseudokarst, and feature analogous to most of the limestone karst forms 
have been found. There is also a well-developed integrated subterranean drainage. 

Evid nc indicates that slippage of the quartzite was caused, or at least accelerated, 
by overriding by ice during the Pleistocene. The directfon of ice movement, as indicated 
by glacial striae, is proper to hav cau d much of the joint widening now n. 

I FLUE CE OF SHALE I THE DEVELOPMENT OF WILDCAT CAVE, 
ORANGE COU TY, INDIANA 

David De Marais 
Department of Geology 

Indiana University 
Bloomington, Indiana 

Wildcat Cav has d v lop d in lime ton and silty shal s of the lower W st Baden 
and upper Blu River Group of Missi sippian age. In this vicinity these units generally 
dip to the w st- outhwest at 25 to 30 ft/mile. Th cave has thr major lev ls. Th upper 
two have formed upon and inci ed into shale units, and the bottom one has formed along 
high-angle joint in lim stone. Most pre ent-day drainage, including that of the bottom 
level, is toward Riverside Cave, downdip to th southwest. However, the upper two levels 
have form d by drainag in a northward dir ction. S veral possibl reasons for this drain­
age reversal are in evidence: 
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1. Paleotopography: the existence of a channel in the top of the shale in the upper­
most 1 vel. Thi channel, fomrnd during Mi is ippian tim and sub equ ntly :fill d by the 
overlying limestone, appears to have concentrated and directed groundwater flow in the 
relatively recent past 

2. Varying thicknesses of the lithologic units. Despite its solubility, shale in the 
middle lev 1 lacks distinct joints, thu arre ting downward mov m nt of groundwat r, cau -
ing it to flow in the direction of thinning of the shale. Th active role of shal in cave 
formation is, ther fore, stressed. 

SOME EFFECTS OF THRU T PLA ES 0 CAVER DEVELOPME T 

John M. Rutherford 
\Vest Virginia Association for Cave tudies 

North Brunswick, New ] ersey 

Faults ar known from everal cave in the Virginias, but as a significant factor in 
cavern development li'ttle attention has been devoted specifically to faults and thrust planes. 
Observation in many 0£ the cave of the reat avannah and th surrounding area in 
Greenbrier County, West Virginia, indicate that thrust planes are common and that they 
have affected the proc ses 0£ cavern development in several ways. 

Most common are effect related to the weakness introduced into the limestone by 
these fracture planes, and such eff cts can be noticed in pas age cro sections, the 
abundance of breakdown, and abrupt changes i'n passage character. 

In contrast to these manifestations of weakn ss, an effect based on strength some­
times results from the shear structures generated at the thrust plane. In some cases, 
polished slickensides are sufficiently resistant to ground water action that they give ri e 
to such perching e[ cts as passages and anastamos s develop d upon these surfaces. 

Apparently some of the larger thrust planes are associated with folds in the limestone. 
Drag folding i's not uncommon, and room d velopment tend to occur wh re the e fold 
encounter the fault planes. 

THE KARST MORPHOLOGY OF THE MILLIGA CREEK BASI 
GREE BRIER COU TY, WEST VIRGI IA 

William K. Jon 
West Virginia Geological Survey 

Morgantown, W. Va. 

Milligan Creek is an interrupted surface stream which drains a 6-mile long, 22-square 
mile, blind vall y in central Gr enbrier County, We t Virginia. The ere k is fed by ev ral 
spring at the northern end of the valley and by discharge from limestone solution conduit 
within the ba in. Th conduits have captur d the former surface tributari . Th str am 
flows south, sinking and ri'sing at several points within an entrenched channel, and then 
makes a final ubmergence forming the southern end of a blind valley. It then continu 
in the subsurface for 3 miles and resurges into th Gr nbri r River at Fort Spring. 
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Morphologic and hydrologic feature characteri tic 0£ th basin includ : 
( 1) Well defined tributary channels which upport only ephermeral urface flow. 
( 2) Alternating surface and subsurface stream segment of Milligan Creek. 
( 3) Changes in the locations of "sinks" and "ri ings" with changes in the wat r stage 

of Milligan Creek. 
( 4) Low olution conduits in th form of cave segments rather than integrat d cave 

"systems." 
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( 5) Low hydraulic grad! nts. 
( 6) Water levels within the solution conduits which are generally near the surface. 

The disintegration of the surface drainage is almost complete, but extensive develop-
ment of the subsurface conduits has not yet progressed to the point where they can capture 
all levels of discharge within the valley. Therefore, the karst morphology of the Milligan 
Cre k basin is interpr ted as representing a transitional stage of developm nt between 
youth and maturity. 

CANDOLUMI ESCE CE OF CAVE GYP UM 

John W. Hess, John R. Sweet, and William B. White 
Materials Research Laboratory 

The Pennsylvania State University 
University Park, Pennsylvania 16802 

Candolurninescence is the process of luminescence activated by flames. Some dozen 
specimens of gypsum from widely varying cave localities have been shown to luminesce in 
the green when stimulated with a hydrogen dillusion flame. The color is the same for all 
specimens, but the intensity varies. Maximum intensity of emission is reached at tempera­
tures of a £ew hundred degrees centigrade; gypsum bedrock also fluoresces. The char­
acteristic temperature varie somewhat from specimen to specimen. Brightest emi'ssion of 
the cave specimens i from gyp um crusts and flowers; the weakest emission is from clear 
selenite crystals. 

ALFI E KARST I THE MT. CASTLE UARD-COLUMBIA ICEFIELD AREA, 
CA ADIA ROCKY MOU TAI S 

Derk C. Ford 
McMaster University 

Hamilton, Ontario 

Mt. Castleguard and an adjacent valley, Castleguard Meadows, are situated at the 
southeastern margin of the Columbia le fi Id. The mountain and meadows are underlain 
by massive Middle Cambrian limestones with some shales and dolomite interbeds. The 
rock dip g ntly outhea t. They ar w ll kar tified, and a clo juxtaposition of kar t, 
glacfal, and periglacial erosion processes can be observed. Above 2300 m, karst features 
occur on urfac r cently abandon d by N oglacial ic , and much meltwat r evidently 
sinks underground beneath the extant glaciers. Outside of eoglacial margins, limestone 
surfaces are reduced to felsenmeer devoid of kar t f ature . In tundra b low 2300 m, 
sha£t-type sinkholes and many varieties of karren occur. Sinkholes are aligned along shale 
contacts, and the distal edges of terminal moraines are randomly di'stributed elsewh re. 

Underground drainage developed in two phases. ( 1) Castleguard Cave drained part 
of the central ic fi Id area downdip to pring at 2000 m. Th cav i a single river 
passage, longer than 10 km, passing beneath Mt. Castleguard. It has vadose and phreatic 
ero ional 1 ments and is attribut d to th la t int rglacial. ( 2) In Lat - or Post-Glacial 
Times, Castl guard Cave was abandoned, and a new conduit developed beneath it that 
discharges at the "Big Springs" at 1740 m. Drainage of the north rn Meadows and Mt. 
Castleguard is incorporated into this second system. Discharge of the Big Spri'ngs is 
comparable in magnitude to that of th meltriver of Saskatch wan Glacier, the largest 
valley glacier draining the icefield. The area illustrates that karst groundwater circulation 
may be maintain d and ev n initiat d at th ol s of temperate glaci rs. 
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APPLICATION OF STABLE CARBON ISOTOPE STUDIES TO THE 
INVESTIGATION OF KARST PROCESSES 

Ru sell S. Harmon 
Department of Geochemistry 

The Pennsylvania State University 
University Park, Pennsylvania 

Earlier classic works establi hed the geological relationships and di'stribution of the 
stable carbon isotopes in nature and opened a new avenue of investigation for karst 
researchers. In nature the stable isotopes of carbon, 12C and 13C, have ab olute abundances 
of 98.9% and 1.1 % respectively. The distribution of these two isotopes :ls such that organic 
material is enriched in the lighter 12C with respect to atmo ph ric carbon dioxide, while 
inorganic material is enriched in the heavier 13C. 

Basically, karst proce ses can be divided into two categories: solutional and d posi­
tional. Stable carbon isotope studies are applicable to the study of both types 0£ processes. 
In the solution of carbonate rock (e.g., limestone), the resulting carbonate, in aqueous 
solution as bicarbonate ( HCOr), has both an organic-rich and inorganic-rich component 
as follows: 

Cal3C03 + H20 + 12C02 ~ Ca2+ + Hl2C0r + Hl3COr. 
Thus, by determining the ratio of the two stable carbon isotopes, o 13C, where 

13C/12C sample 
() 13C = ( 13C/12C standard - 1) X 1000, 

karst waters in a given area can be tested for absolute amount and rate of carbonate 
solution. Additional sampling within specific carbonate rock units would allow an investi­
gator to determine these two parameters for the individual rock units. The deposition of 
carbonate minerals from solution is the reverse of the solution process and, as a result, 
the precipitated carbonate has only an inorganic-rich component as follows: 

Ca2+ + Hl2C0r + Hl3C03 ~ Cal3C0 3 -!- + H 2 0 + 12C02 t· 
Isotope studies of such precipitated carbonate can be used to determine the climate during 
deposition and, in ome cases, the source of th carbonate. Thus, stable carbon isotopes 
can be used to study such diverse items as karst denudation rates or paleoclimates and 
can, therefore, be a valuable tool in any investigation of past or pr sent karst processes. 

CAVE CONDUITS AS COMPONENTS OF SURFACE STREAM CHANNELS: 
MEANDER BE D CUT-OFFS 

John W. Hess and William B. Whit 
Department of Geology and Department of Geochemistry and Mineralogy 

The Pennsylvania State University 
University Park, Pennsylvania 16802 

Evidence has been found that underground How occurs aero m ander beds of major 
surface streams incised into limestone uplands. These are recognized by topographic 
location and by the temperature and chemistry of waters m rging from the springs on 
the downstream side of the meander. Caves formed by this process may bear no relation­
ship to the local underground drainage system. Examples occur in Central Pennsylvanfa 
and in South Central Kentucky. The contrasting feature to the meander-bend cutoff, the 
underground oxbow, is also considered. The driving force for the formation of these 
features is provided by the gradient of the associated surf.ace stream. The results illustrate 
again the hydraulic conti'nuity between surfa and underground tream channels. 
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MINIMUM DIAMETER OF STALACTITES AND STALAGMITES 

Rane L. Curl 
Department of Chemical Engineering 

University of Michigan 
Ann Arbor, Michigan 

The existence of a smallest observed dfameter for stalactites and stalagmites is a 
constraint on the morphology of these speleothem . Th smallest stalagmite has previously 
been shown to be limited by several factors including the relaxation time for the deposition 
of calcite from solution. Now the smallest possible stalactite is shown to be li'mited by a 
value of the dimensionles number pgr2/" (where p is liquid density; g is the acceleration 
of gravity; r is the stalactite radius; and " i's the surf.ace tension of the liquid) equal to 
0.874. Thus, for stalactit form d from water on the earth's surface at 10°C, the smalle t 
will have a diameter of about 2.6 mm. 

GEOLOGICAL RECONNAISSA CE OF TIMPANOGOS CAVE, UTAH 

William B. White 
Department of Geochemistry and Minerology and Materials Research Laboratory 

The Pennsylvania State University 
University Park, Pennsylvania 16802 

James J. Van Gundy 
Department of Biology 

University of Utah 
Salt Lake City, Utah 

Timpanogos Cave is the central feature of Timpanogos Cave National Monument. The 
cave is located at an elevation of 6700 ft on the wall of American Fork Canyon in the 
Wasatch Mountai'ns of Utah. Surf.ace karst and underground features were studied during 
late June, 1970. The cave was mapped and a general geological and biological recon~ 
naissance performed. 

The cave is in the Mississippian Deseret Limestone, a limestone sandwiched between 
mainly dolomite carbonates. The structural setting is exceedingly complex. American Fork 
Canyon lies close to the intersection of the main Wasatch fault system and the perpendicular 
Uinta fault and fold system. Rocks at the cave dip about 20° but are block-faulted on 
a small scale. The cave passages apparently formed along faults, and some open fractures 
and fractured flowstone indicate that some of these are still in motion. 

The cave consists mainly of high narrow passages in a minor network arrangement. 
None of the usual indicators of high-velocity flow are pres nt. The walls are intricately 
sculptured. Wall and ceiling pockets are common. Clastic sediments are uncommon and 
where exposed are composed of sand and yellow silt. 

The cave contains a spectacular carbonate mineralization. The usual dripstone 
deposi'ts here give way to complex helictites and other erratic fonn . Aragonite is common 
in all areas as needles and anthoditic forms. Moonmilk occurs sparsely as tufts of material 
on the tips of dripstone deposit . Samples analyzed so far are composed of hydromag­
nesite-a surprise, for at this altitude and climate calcite moonmilk would be expected. 
Many of the dripstone d posits are colored. A deep yellow is common and a blue-green 
occurs. The yellow dripstone is calcite containing nickel at the 500 ppm level, while the 
green is aragonite containing nickel at about the same concentration. 

The fauna of the cave are extremely sparse. Other than a few bats, no animals were 
seen. The pools in th cave appear to b barren of aquatic animals. 
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The landforms of the Wasatch Mountains provide interesting examples of alpine 
karst. At high altitudes on Mount Tjmpanogos, rinnenkarren and pinnacle karren are 
forming under snow :melt conditions on the Bri'dal Veil Falls Limestone. The Deseret Lime­
stone supports a pinnacle karst with a relief of tens of feet along the canyon walls. 
There is some evidence that thi's more extreme relief karst is a relic from Pleistocene 
climatic conditions and that it is being destroyed by pre ent-day weathering conditions. 

GEOGRAPHY/EXPLORATION SESSION 

CAVES OF OKI AWA 

Douglas W. Rhodes 
Washington, D. C. 

Edward Arters 
Milwaukee, vV isconsin 

A slide description of the cave on the island is presented with narration concerning 
the history, concentration of caves, and fauna. 

CANADIAN CAVING 

Derek C. Ford 
Hamilton, Ontario 

A spectacular slide description is presented which tells the story of the caves, cavers, 
and caving in general throughout Canada. 

GILLEY CA VE, LEE COUNTY, VIRGINIA 

Roger Baroody 
Charlottesville, Virginia 

Located in Penni'ngton Gap, Virginia, Gilley Cave has been well known since 1870. 
In 1962 the University of Virginia Grotto explored and surveyed the cave. Five years of 
work have yielded 4 miles of passage, mystery in hydrology, and confusion in geology. 
Gilley Cave, in the Copper Ridge Dolomite, lies within an overturned anticline divided 
by three major active faults. In the past few years the acti'vity 0£ these faults has caused 
one large section of wall to separate and expose a stream channel. During the same period, 
another passage became 300 ft longer, mostly through breakdown, and one area of the cave 
has been closed due to a collapse. Two drainage systems have been observed within the 
cave. One system drains the upper levels and discharges into the North Fork of the 
Powell River three-fourths of a mile distant. The lower level drainage has been traced 
to Echo Lake, 450 ft below the enb·ance and 90 ft below the North Fork of the Powell 
River. Although the stream feeding Echo Lake often floods, the lake itself changes very 
little in depth, with a maximum change of 3 inches noted during exploration. A few 0£ 
the features displayed in the cave are faults with up to 13 inches of slippage, a complex 
of folds with passages lying along their axes, and a peculiar hoop-like formation whose 
origin is still unknown. 

ANDROS BLUE HOLES 

George J. Benjamin 

Andros Island is the largest i'sland in the Bahamas. The whole area consists of the 
tops of a large mass of limestone which has been traced down to 27,000 ft. This area 

148 THE NATIONAL SPELEOLOGICAL SOCIETY BULLETIN 

is subsiding. The loss is replaced by sedimentation and coral growth at an equal rate. 
During the Ice Age, the ocean level was several hundred feet lower than now. During 
this low water period caves were formed in a manner well known in cave science. After 
the ice melted, the ri'sing waters flooded the caves, which are now known as the Blue Holes. 
Most of them are located on the east shore 0£ Andros. 

A systematic search from the air pinpointed the locations of many possible caves, 
and by now 54 openings have been entered. Submarine springs have been known since 
ancient times, but the Blue Holes differ with their strong reversing currents. The water 
is beli'eved to flow inland in the form of underground rivers and is distributed in porous 
rock beneath the freshwater lens. Inland sinkholes were explored to a depth of 200 ft. 
The top is usually clear, fresh water; underneath there is salt water. The interzone is 
sometimes less than 1 ft. 

For years, stalagmites have been searched for. In 1970 the dramatic discovery of a 
grotto was made with hundreds of stalactites and stalagmites at an underwater depth of 
140 to 180 ft and at a distance of 1,000 Et from the surface. White crystalline cores 
were found and analysed, which i's the first such recorded case. Diving in the Blue Holes 
since 1960 has led to the development of special equipment and specialized methods. The 
dives may be considered difficult and dangerous and have no margin of error. 

MAJOR NEW CAVE DISCOVERY NEAR MAXWELTON, GREENBRIER COUNTY, 
WEST VIRGINIA 

J. C. Hempel 
Bethel Park, Pa. 

On December 6, 1970, a major new cave was discovered in the extensive limestone 
country of Greenbrier County, West Virgini'a. The first entry revealed little except that 
the cave was big. Two mapping parties entered the cave the following Saturday, December 
12, and surveyed a total of 13,000 ft of passage-quite a distance to cover, not to mention 
to map, in one day. The discovery was the result of sporadic digging and blasting 
attempts by various groups over a 2-year peri'od. The cave is developed along the contact 
of the Greenbrier Limestone Series and the MacCrady Shale. Similar contact caves have 
developed some of the most extensive drainage patterns in West Virginia. 

THE CURRENT STATUS OF "THE HOLE," GREENBRIER COUNTY, 
WEST VIRGINIA 

John M. Rutherford 
West Virginia Association for Cave Studies, Inc. 

911-A Village Drive East 
North Brunswick, New Jersey 08902 

The Hole was the first major system discovered and explored by WV ACS in their 
Great Savannah Project. The cave was discovered in 1960 east of Frankford in the north­
eastern comer of the Great Savannah, a heavily karsted outcrop 0£ Mississippian limestone 
near Lewisburg in Greenbrier County, West Virginia. Since that ti'me, exploration and 
mapping have been conducted intermittently, and they are continuing today. As of March, 
1971, The Hole had three known entrances and 16.4 miles of surveyed passage. The pas­
sages are developed mainly in the Hillsdale Limestone (Greenbrier Formation), although 
parts probably reach upward into the Sinks Grove Limestone. Significant portions of the 
cave are also found in beds of reworked MacCrady material along the unconformable 
contact between the Hillsdale and the underlying MacCrady Shale. Passages in the re­
worked MacCrady gravels are predominantly vadose and carry drainage from the surface 
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contact down dip ( N60°W) to the originally phreatic passages in the Hillsdale. These 
then cany the streams northward along the strike ( N30°E) for ultimate delivery to Spring 
Creek. Dye traces have been conducted from the southern regions of the cave to Shale 
River in the northern 'section and thence to two resurgenc s of Spring Creek about 0.4 miles 
apart. Biological collecting has revealed mites, collembola, spiders, bristletails, amphipods, 
isopods, planaria, beetles, crickets, pseudo corpions, and a variety of salamanders. Fish have 
been observed, while crayfish are notably lacking. Abundant fos ils are present which are 
frequently silicified and sometim s transformed into banded agates, especially Lithostratfon. 

THE SLOA 'S VALLEY CAVE SYSTEM, KE TUCKY 

Louis Simpson 
Circleville, Ohio 

The Central Ohio Grotto, following through with the considerable efforts of David P. 
Beiter, is currently surveying Sloan's Valley Cave System, Pulaski County, Kentucky. 
Previous surveys were begun by the USGS and Albert Geiser, the latter having mapped 
more than 15 mil s, but as yet no adequately detail d map of the ystem has been pub­
lished or made available for study. Total passage length may exceed 20 miles, since the 
current map already contains more than that of Geiser. Silva compasses, Abney levels, 
and plastic tapes made from TV lead-in wire are used for surveying. Use of real-time 
plotted sketching has improved detail. 

While multiplicity of entrances ( 11) facilitates access, problems have been flash 
flooding and seasonal inundation of about 5 miles of the cave by man-made Lake Cumber­
land. Parts of the cave have been siphoned by this lake since the dam's construction. 
Although several entrances are located in a natfonal forest, recent surface vandalism and 
heavy traffic at privately-owned entrances has resulted in some unfortunate closings. 

Sloan's Valley Cave drains a well-known karst valley and exists primarily along the 
edge of the surrounding hills. One underground river apparently flows up one side of a 
surf.ace valley and down the other. The survey has stimulated activity and interest in 
speleology. Rick Day has prepared a program for the NSS Slide Series. New sections of 
the system are still being found. Qualified analysis of the cave's hydrology and genesis 
needs to be done. 

TWO TYPES OF GLACIER CAVES 

G. D. McKenzie 
Department of Geology and Institute of Polar Studies, 
The Ohio State University, Columbus, Ohio 43210 

The term glacier cave refers to a cave within or at the base of a glacier. The term 
'ice cave', which is sometimes used for such caves, refers to a subterranean cave in which 
ice forms and persists for some time. Glacier caves may be di'vided into two types: 
ablation and obstruction; these two types of glacier caves show differences in their mode 
of formation, size, position in the glacier, and speleothems. 
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GENERAL/TECHNICAL SESSION 

A NEW EXPLANATION OF LIMESTONE CAVERN GENESIS 

Derek C. Ford 
McMaster University 

II amilton, Ontario 

Principal theorie of lim stone cavern genesis have contended that the locus of major 
cave development is a) above a defined watertable; b) at random depth below; or c) along i't. 

Observations of som 500 caverns in intermediate to massively-bedded limestones in 
Europe and orth America result in the following contentions: 

1. There are three common cases of limestone cavern development: the predominantly 
vadose cave, th deep-phr atic cave, and the watertable-typ cave. There is one special 
case: the true arte fan cave. 

2. The type or types of common cave that will develop in a system are governed by the 
frequency of fissures significantly penetrated by groundwater and the geometric proportion­
ality, (bedding plane: joint/ fault ratio) of. the fissure network. The higher the fissure 
frequency, the more likely it is that watertable-type caves will develop rather than the 
deep-phreatic type. 

3. In a given li'mestone mass, fissure frequency and proportionality may vary from 
place to plac , will normally increase with passage of time after ons t of karstification, and 
may differ radically from region to region. 

4. Predominantly vadose caves of large size can develop wherever sufficient streams 
collect above sink points and where there i's sufficient relief above the spring positions. 
Deep-phreatic caves attain their optimum development in steeply dipping rocks because 
bedding planes may guide water to great depths. Water table caves are more probable in 
flat-lying rocks because deep penetration is inhibited by the presence of shallow bedding 
planes that are continuous to spring positions. Lithologic perching of conduits is most 
effective in flat-lyi'ng rocks. 

5. Before any caves have begun to develop, the watertable is at the surface in most 
limestone regions. Where it is at depth in the rock before cave development occurs, fissure 
frequency is so high that the watertable-type cave will develop rather than the deep 
phreatic type. 

6. Where the ratio of. penetrable bedding plane : joint length is large, the fundamental 
building blocks of cave systems are linear anastomotic bands in gently dipping rocks and 
dip tubes in steeply dipping rocks, linked by short ascents or descents in joints. Strike­
oriented passages may develop subsequently. Caves that are guided predominantly by joints 
are associated with high values of fissure frequency. 

7. Different climates do not appear to create fundamentally different types of caverns. 
The paper is illustrated with mpirical case studies and some random-walk models. 

AIR TRACING IN THE GARRISON CHAPEL RIDGE, INDIANA 

David Des Marais 
Department of Geology 

Indiana University 
Bloomington, Indiana 

Two air-tracing experiments have been conducted in the Garrison Chapel Ridge within 
the past three years. The first test, headed by R. Sperka in 1968, outlined the extent of the 
14,000-ft King Blair System, which was later discovered and mapped. The second test, 
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by D. Des Marais in 1971, suggests conditions present beyond the accessible reaches of 
Queen Blair Cave. 

The method is. discussed, and data from these experiments are presented. Not only 
positive (and negative) tracing connections, but also the relative flow times of positive 
connections, appear to lend value to this technique. 

CAVING/CLIMBING ROPES AND ROPE TESTI G 

Dave Mischke and Bob Vocke 
Mountain Safety Research, Inc., Seattle, Washington 

A compilation of rope testing results and techniques is pre ented. 

SPELEAN HISTORY SESSION 

THE EVOLUTION OF "JIM WHITE'S OWN STORY" 

Dr. William R. Halliday 
Seattle, Washington 

Following the collapse of his New York Times expedition to Carlsbad Caverns, the 
controversial Frank Ernest Nicholson wrote "Jim White's Own Story; the Discovery and 
History of Carlsbad Caverns". The first edition cover contained an inset picture 0£ "Twin 
Domes and Giant Stalagmites in Big Room"; in the econd edition this was replaced by 
"Rock of Ages, Carlsbad Caverns". In the 1940's, a third edition appeared; the front cover 
no longer bore the motto "As told to Frank Ernest Nicholson" and s veral of the illu tra­
tions were colored. Major changes insisted upon by the National Park Service marked 
the fourth editi'on, with the title changed to "Jim White's Story of Carlsbad Cavern ". A 
still later version, which may be described either as a Fifth Edition or a second printing 
of the Fourth Edition, includes on page 3 the text of the Jim White plaque in the Vi' itor 
Center at the cavern. 

Ernst H. Kastning 
BALL'S CAVE, NEW YORK: ONE HUNDRED FORTY YEARS OF EXPLORATION 

Pound Ridge, New York 

Situated in the wooded hills near Schoharie, New York, Ball' Cave has had num rous 
visitors for nearly a century and a half. Many of these visitors have left accounts of their 
observations and impr s ions. Some have b n in pired to write exagg rat d, although 
moving, accounts of their exploits. Ball's Cave has been mentioned over and over again 
in gazeteers, Victorian "wonder" books, and countl ss writings of 20th C ntury cav explor­
ers. It has b en described in at least one novel and was almost develop d commercially in 
the mid-19th century. Bibliographic research has yield d dozens of references, and the 
preliminary history presented here forms the basis for continuing studi 

PE NSYLVA IA'S 0 LY SALTPETRE CAVE: A BACK ROU D STUDY 

P ter M. Hau r 
Lebanon, Pennsylvania 

Saltpetr Cave, Bedford County, Penn ylvania, i a small sand ton fissure which was 
mined for saltpetre dirt during the 18th Century. One of the very few natural sources of 
the materi'al in tl1e state, Saltpetre Cav illustrates the need and r moten ss of th w t rn 
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counties in the state which became the leading gunpowd r producer during the American 
Revolution. 

NAMES OF CAVES A D CAVE FEATURES 0 FLI T RIDGE, MAMMOTH CAVE 
NATIO AL PARK, KE TUCKY 

Dr. John F. Bridge 
Columbus, Ohio 

o abstract ubmitted. 

THE AMERICA A TIQUARIA OCIETY'S VERSIO OF THE HI TORY 
OF FAWN HOOF 

Dr. William R. Halliday 
Seattle, Washington 

Recent inquiry through the American Anti'quarian Society revealed the existence of a 
diary published in 1909 that confirms that Charle Wilkins had intend d "Fawn Hoof", 
the famous Mammoth Cave mummy, for that in titution, but Nahum Ward "appropriated 
it for himself, and exhibited i't in all th larg cities of the country". That Society took 
determined action and obtained the mummy in the Spring of 1817. A footnote gives details 
of the subsequent history of the mummy through its transfer to the Smith onian Institution. 

EARLY EXPLORATIONS OF MAMMOTH CAVE, KENTUCKY 

Harold Meloy 
Shelbyville, Indiana 

An outline summary of the discoveries and explorations of the passages in Mammoth 
Cave during the first half of the 19th century, given in chronological order. From these 
discoveries and the literature reporting them, the cave-which began as just another un­
named hole in the ground-b came by mid-19th c ntury the largest and th most celebrated 
cave in the world. 

THE EVOLUTIO OF THE MAMMOTH CAVE POSTCARD 

Ernst H. Kastni'ng 
Pound Ridge, New York 

Postal viewcards, which fir t gain d popularity in the 1890's, hav provided travelers 
with a media with which to send greetings to friends and relatives back home. The 
Mammoth Cave in Kentucky has been th mo t popular cave visi'ted by th publi and the 
wide range of postcards published during the 1900's has proven this to be so. The history 
of Mammoth Cave po tcards i trac cl from th B n Hains-H nry ant r cards of the 
turn of the century to th modern chrome cards. 
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Information for Contributors To The Bulletin 
Paper in any discipline of speleology or any cave-r lated topic are consider d for 

publication in the BuLLETI . Papers may be a technical article on some cave-oriented 

geological or biological research, a review paper on a pel ological topic, or a speculativ 

discussion of theory. We particularly welcome descriptive or geographical articles about 

signfficant caves or cav ar as, e pecially if comm nt on sp 1 ogen i , biological urveys, 

historical significance, etc. are included. Articles on other topics such as cave conservation, 

history, tc. ar al o invit d. 

Articles in the biological ciences hould b nt to the Biology Editor, David C. 

Culver, Dept. of Biological Sciences, orthwestern University, Evanston, Illinois 60201. 
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William B. White, Materials Research Laboratory, the Pennsylvania State Univ., University 
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Managing Editor, David Irving, 102 Olean Road, Oak Ridge, Tennessee 37830. 
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to the appropriate Editor. The upp r limit for length is about 10,000 words or approxi­

mately 40 page of manuscript. This limit may be wai'ved where a paper has unusual 

merit. Photographs and line drawing should be submitted with the manuscript. B cause 

of cost, only illustrations essential to the presentation should be included. Photographs 

must b sharp, with high contrast. All line drawings should be done with 1 ttering in tru­

ments or oth r satisfactory means. Typed lettering is not ordinarily satisfactory. Captions 

will be set in type and added. All drawings must be inked, with India Ink or a satisfactory 

substitute. In case of doubt r gardi'ng length or illustrations, consult the Editor. 

For general tyle, see papers in this BuLLETIN. Abstracts, which should be brief and 

informative, are r quired for all paper . Captions are required for all illustration , and all 

unu ual symbol used should be xplained. References to the literature should be by 

author and date, with specific pages where desirable. Literature cited should be li ted 

in an end bibliography with entries alphabetically by author's last name. Con ult 

bibliographi'es in this BULLETIN for general format. 

Be£ore publication, all papers will be revi'ewed by one or more authorities in the 

appropriate fields. After review, papers will be returned to the authors for approval and 

action if required. 

Int re ted contributors, p cially tho e who are not profes ional scientist or writers, 

are invited to consult wi'th the editorial staff or the SS Research Advisory Committee 

for guidance or aid in the presentation of their material. 

R print may be ordered at the tim gall y ar returned by the author to the Editor. 

These reprints will be furnished at cost. 
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