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COY ER -- " J e we l Cave Survey", third place winner 
of the Monochrome Prim s , Activities, in the 1962 NSS 
Photo Sa lon by Dwight E. Deal. 

The photo shows J an Co nn in the sma ll room be
tween "Track Nine" and the "Car Barn" . T hi s i s a 
low portion of the cave and J an is measuring wa te r 
marks that appear on the cave wa ll s here (see page 
117 and following). 

T he action i s taking place a s part of the s urvey 
and e xploration of Jewel Cave Nationa l Monument, 
underway since the Fall of 1959 . As of the 1962 NSS 
Convention, close to 8~ mi les of cave passage have 
been mapped. 

Jan's husband, Herb, assisted in taking this photo
graph by triggering the off-camer a flash (one AG-l 
bulb) about 15 feet to the right and in from of the 
camera. The camera was tri pod moumed. The print 
was c ropped from a 35 mm negative (Pl us X) and in
t e nti ona ll y overdeve loped to make it "look more lik e 
a cave". 
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NOTES AND NEWS 
NO SAFETY 

If the NSS s tresses safety so darn much , how come 
not one safety rul e (except for hard hats) was followed 
at the C limbing Demonstration at the C us te r con
vention? Dr. Bill Halliday, Jr. 

Se a ttle, Was hington 

NO CONSERVATION 
Having thoroughly persued the ne w book, Caves of 

Indiana by Richard L. Powell which was issued by 

The NSS N Eil'S is, pu bli shed monthly by Ihe Na tion;') ! Spel eo logical Soc ict y 3 [ 23 IS N. Kenmnre 
Sttc et , Arlington I, Virgini a. Ent ered a s second cl ass mail a[ the' Post Off iet' , T renton, Nc'" 
Jersey . Subsc rirwon r:u c ; S2.00 per yea r. Sin g le copies , bO lh C!,lrre:nt and back i ssues , when 
avai lable, may be purchased fr om the ~!SS Offi ce for SO. 20 per copy . 

C laims fo r mi ss ing /lumbe rs wi ll not be allowed if rec eived more Ihan flO days ftom dal e o f mail ing 
plus l ime norma ll y required for lJOSI:l 1 del ivery o f publi c at ion and claim . Hole: No claims all owed 
be cause o f fa il ure 10 nOl ify th e NS$ Off ice Sec re!:H Y of a change o f add re ss . 

Deod line is Ihe tenth o f che month prece1i ng the month o f issue . Send mat eria l te be published in 
Ihe NSS N EWS to che Edi tor. ·.J.d ,·e n ising r31 cs on r('ques l h om Ihe Adve rt is ing Man ag er. 

Olher publication o f th e' Soc ie' IY: Uf1 LLE7'/N of the' Nati ona l Spe leo logical Soc ie'I Y, publi s hed 
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th e State Geolog ical Survey, Indiana Department of 
Co nservation, one finds a paradox. Whe n publication 
of cave locati ons may lead to increased vand alism, 
why does a book of this type, published by the Indi ana 
Depart ment of Conservation, have absolute ly nothing 
about cave conserv ation. 

Educa ti on of poss ibl e cavers is the most impor
tant aspect of promoting cave con servation. Ma ny 
people who use thi s book wi ll not be NSS members 
and wi ll not hear of cave conservation except by 
read ing abo ut it in the publication. 

Possibly a conservation-worded addenda could be 
included with future books sold if l e tt ers are se nt 
to the author and the Director of the Dept. of Con
se rvati on , Donald E. Foltz, a nd the State Geo logist 
of the Geological Survey , John B. Patton. Addresses 
for each of the se persons would be thr ough these 
vario us departments in Bloomington, Indi ana . 

Lyle G. Conrad 
Chevy Chase , Mary land 

(Ed. Note: Powell's Caves of Indiana has been briefly 
re v iewed in the July-August issue of Rocks & Min
eral s .) 

MEMPH IS, TENNESSEE 
MID-SOUTH FAIR 

September 21 through September 29, 1962 

For the first time, thi s year 's Mid-South Fair wi ll 
be carrying a spe leologic al exhibit. T his fair ha s an 
average ann ual attendance of a ha lf-million at pre s 
ent, a nd the number continues to increase. The area 
of ac tive participation in Mid-South Fair includes the 
we ll known cave s tate s of Tennessee, Arkansas , 
Missouri, Kentucky and Alabama. 

Memphi s Grotto has t aken it upon themselve s to 
set up and man the spe leological exhibit (an are a 
a bout 20' x 20 ') but they are asking for help a nd ma
terial. It ems such as Science Fair Projects on a ny 
topic Or level of spe leology, s lides on spe leological 
s ubje c t s, new equipment in the fiel d of spelunking, 
and anything else you think might prove useful would 
prove use ful would be most we lcome. All material 
will be returned as soon as the Fair is over . Those 
interested in aiding thi s project sho uld comact: Jack 
T. Applewhite, 693 West Brentwood Cl., Memphis 11. 
Phone: FA 3-7965 . 

NSS members attending the Fair may obtain com
plimentary tickets by wri ting to: D. L. Mars h, Asst. 
Director, Educational Dept., Mid.-South Fair, Memphis 
14. 

twice yea rl y. Subscripr ion tarc: 54.00 per ye ar. Edi tor : William E. Davie s , 125 Ul. Gre-cn .... ay 
Blvd., F:l.1l Chur ch, Vi rg in ia. 

Th e ADDRESS o f Ihe HSS is 23 18 Nort h Ke nmore- Stree t, Arl ington I, Virginia . Inqui ri e s conc ern · 
ing membe rs hips and pu rc hase reque sts ( 0 1 al l Soc iet y pub li cali ons s houl d be s ent 10 thi s ad· 
dress , direc te d 10 th e Off ice Secrerary . 

The add ress o f the LIBRA RY o f che HSS is 1251 Non h Neg le y Avenue , P ilt sburg~ 6 , Pen nsy l· 
van ia. Gih s 10 Ihe L ibr:, ry, groll o pub ti eal ions . and fO leign pub lication s be ing sent for excha nge 
purposes s houl d be direc ted to thi s :Iddre ss . Out·o (· town vj<; i tor s ar e welcomed bUI au angemelHs 
prior to :!.tli va l s houl d be made "'irh the Libr:lli:lfl . 

PRESIDEHr of ,he NSS is RUSSE LL H. GU HNEF., 231 Irving Ave nue , Clos ter , Ne '" Jersey . 



No.8, August 1962 - Part II 99 

PAPERS AND ABSTRACTS OF PAPERS PRESENTED 
AT THE 1962 CONVENTION 

CUSTER, SOUTH DAKOTA 

Below is presented the complete convention program with all the papers, or abstracts of papers, submitted at 
each of the sessions. It is hoped that some of the papers, which appear here as abstracts, will be printed in 
their entirety in future issues of the NSS NEWS but this remains to be seen. Much depends upon the co
operation of the authors. Credit is due William B. White who acted as co-editor for this effort. 

General Session 
A UNIQUE REMOTE FLASH UNIT 

O. J. (J im) Gos sett 
Ridgecrest, California 

(Abstract) 
A small, reliable, remote flash unit can be con

structed using new space-age components. One of the 
unique features is that it responds only to a flash 
bulb or other fast rise-time light sources. There a re 
no gain controls or other adjustments to make. 

A silicon solar cell receives the light and con
verts it to an electric current which is amplified by 
a transistor amplifier stage. An R-C network differ
entiates and triggers a silicon controlled rectifier 
which acts as a switch for the B.C. flash gun. 

The normally open switch must be momentarily 
closed when plugging in the flash gun or flash bulb. 

The entire unit c an be built in a case size of 1" 
x 3/4" x 1 3/4 " with the solar cell cemented to the 
outside of the case. A small micro-switch or doorbell 
switch may be used in the circuit. Cost of the com
ponents is about twe lve dollars. 

12 K *W 
5.9K 
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MONTANA UNDERGROUND 

Montana Speleological Survey and 
Treasure State Speleological Society 

(Abstract) 
A slide series with tape recorded narration, pro

duced by the two major caving groups of Montana, the 
TSSS and the MSS. This presentation shows many 
facets of Montana caving, including the caves them
selves and difficulties encountered in locating and 
exploring same. Emphasis is placed on work per-

formed by the TSSS in the Pryor Mountains of Mon
tana and Wyoming, with additional views of Lewis 
and Clark Cavern, the only commercially developed 
cave in Montana. Cave scenes vary in nature and 
subject and include speleothems, classic and unusual, 
cavers 1n action, and touch briefly on the vandalism 
problem. 

CAVING IN NORTHERN NEW JERSEY 
Richard R. Anderson 

Red Bank, New Jersey 
(Abstract) 

A slide series produced by the Northern New 
Jersey Grotto for exchange with other grattos and 
eventual deposition with the NSS Visual Aids Com
mittee . The slides attempt to show many aspects of 
the caves of New Jersey. The script gives some of 
the history of the Grotto, some archaeology and folk
lore of the caves, and discusses conservation and 
safety by means of examples. The series ends with 
slides showing Leigh Cave, discovered in 1959, the 
largest cave in New Jersey. 

CABL E LADDER CONSTRUCTION 

(Abstract) 

Ron Pering and Dean Dale 
Billings, Montana 

The cost of cable ladder has long been a problem 
to grottos with var ied budgets and incomes. In this 
presentation, a simple and economical method of con
structing a cable ladder that meets or exceeds com
mercial standards is demonstrated. Problems of ob
taining material and construction methods are covered, 
as well as reports concerning actual field use of the 
ladder and associated experiences with it in some of 
Montana's most difficult caves. A section of ladder, 
suitable for actual use is constructed as a part of the 
demonstration. 

(Abstract) 

1963 NSS CONVENTION SITE 

Gregg Marland 
Charlottesville, Virginia 

A preview of the scenery, caves, and convention 
headquarters for the 1963 NSS National Convention to 
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be held at Mountain L ake in Giles Co unty , Virgini a , 
was presented in the form of a slide s how. The con
ve nt ion h as been tentatively schedul ed for June 7-16 
and wi ll be headed by J ohn R. Holsinger , Conve nti on 
C hai rman. 

The s lides emph as i zed the mountain scenery and 
the multitude and varie ty of caves in the a re a. Large 
rooms, tig ht squeezes, s tre am passages, beautiful 
s pe leoth e ms , big pits, and the remn a nt s of saltp e ter 
mining were a ll illustrated. You describe the cave and 
we 'll take yo u to it, in southwes t Virginia. 

Biology Session 
PROGRESS OF THE BIOLOGICAL SURVEY 

OF VIRGINIA CAVES* 

John R. Hol s inger 
Biologic a l Survey of Virginia Caves 

The following report will cover the activities o f 
the Biological Survey of Virginia Caves (BSVC) for 
the preceding year, June 1961 - June 1962. The BSVC 
was organized by the author in April 1961 and was 
made a research project of the Nation a l Spe leologica l 
Soc iety in the s ummer of 1961. The Survey i s now 
operating on a s ma ll grant from the Society' s research 
fund . The prim ary purpose of the BSVC as originally 
outlined in its official plan, is to sys tematica lly col
lect, organize, and analyze bio-speleological data, to 
promote eco logical inves t igation , a nd ro facilit a te 
s tudies on systematic s , geographic distribution, and 
evolutionary patterns of cavernicoles. 

NEW DATA 

A g re a t deal of co llecting and other biological 
inves tigation s h ad been performed by the present 
members of the BSVC prior to its offici a l organization 
in April 1961. Much of this data provided the pe rtinent 
material which ha s been used in the Contributions 
(see elsewhere this report) published t o date. 

To date, much of the Surv ey ' s fie ld work has in
volved exte nsive collecting of trog lobit ic inverre
brate s and cavernophilous salamanders from the c aves 
of Virg in ia. Some work, but chiefly bat banding , has 
been carried out i n Wes t Virginia. Further operations, 
however, wi ll include mor e emph as i s on the inverte
brate, cave fauna of that s t a t e. 

More than fift y caves have bee n i nve st igated in 
th e past year for cavernicolous organisms. In many 
in stanc es , not only s pecimens but important ecolog i
cal data were obtained . Numerous range extensions 
and several ne w specie s h ave been uncove red as a 

• This paper is Contribution No. 10 f rom the Biological 
Su rvey of Virginia Caves. 
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re s ult o f thi s work. A brief s umm ary of these find
i ng s , excl ud ing ecological data, i s presented in the 
following li s t. All caves noted are in Virginia unless 
otherwise designated. 

1. P la na ri a ns Add ition a l specime ns of the 
rare troglobite, Spalloplana v irginiana Hyma n (fam. 
Kenkiidae), were collected from Showa lte r' s Cave , 
Rockbridge Co. Phagocata sub t e rranea Hyman (fam. 
Pla nariid a e) was collected for the first time from a 
Virginia cave (Rock House Cave , Russe ll Co.) in 
Nove mbe r 196 1. A population of epigean planarians 
have s inc e been n oted 10 Newberry-Bane Cave, 
Bland Co . 

2. An nelid Worm s - Five spec ie s , not previously 
recorded from Virgini a c aves , h av e been obtained . 
Many more have been observed but not collected . 

3. Snail s - No trog lobitic forms h ave been co l
lected, but epigean spec ies we re co lle c t ed from Sur
ge ner' s Cave, Lee Co . and Crossroads Cave , Bath 
Co. 

4. Amphipod s - Troglobitic amphipods have been 
collected from a t le as t fi ve different caves but spe
cific determination is no t forth coming a t the present 
time . Most, however, have been tentatively assign ed 
to the ge nus Crangonyx {fam. Gamm arid as). 

5. Isopod s - Six new locations have been es tab
li shed for the trog lobi tic isopod , Asellus pricei (Levi) 
(fam. Ase llid ae). A new species of Asellus. discov
ered in Le e and Wise Countie s during th e s umme r of 
1960, was uncovered from t wo Russell Co unty caves 
during the s ummer and fa ll of 1961. T hi s marked a 
s ub s tantial range extension for thi s ra re trog lobite. 
Spe c imens (probably rrog lophiles) belongi ng to the 
ge nus Lirceus (fam. Ase llidae) , a genus previously 
unrecorded from Virginia c aves, were co ll ec ted fr om 
two Lee Count y caves . These forms may be a new 
species. 

Te rres tr ial isopods, rese mbling Miktoniscus 
racovi tzai Vandel (fam. Trichoniscidae) from Luray 
Caverns , Page Co., were obt ai ned from three lo
calities . 

6. Crayfi s h - Many cave s tre ams have y ie lded 
specimens of Camba ru s bartonii ssp. (fam. Astacidae) . 
All forms are probably of epigean s t oc k but show some 
modification for a s ubt errane an existe nce. A c urious , 
burrowing form, Cambarus carolinus (Erichson), was 
collected from J essie Cave, Russell Co . 

7. Diplopods - Mi lli peds of the ge nu s Pseudo
trem ia (fam. Cleidogonid ae) h ave been co ll ec ted from 
ten caves _ Some have been determined but others , es
pecially from southwes te rn Vi rg inia, await furth e r 
t axonomic s tud y . All t e n caves are ne w records for 
thi s ge nu s and severa l co lle ctions undo ubted ly r e pre
s ent ne w s ubspecies. 
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Seven new locat ion s have been obtained for 
th e trog lobit ic, zygonopid milliped s (fam. Cono
tylidae), including Zygonopus wh it e i Ryder (one 
cave), Z. waye riensis Ca usey (three caves) , a nd Z. 
/lackardi Causey (three caves). 

A troglophilic form , Cambala sp. (fam. Cam
ba:lidae), has been found in severa l caves. 

8. Cricket s - A large a mount of ne w materi al 
ha s be e n obt ained for Hadenoecus puteanus (?) (fam. 
Gry ll acrididae) , essentially from caves In south
western Virginia. 

9. Co ll embol an s - A la rge amount o f collembolan 
material has been obt a ine d and ten new locations have 
be e n recorded , incl uding four for Sinella ho ffmani 
Wray (fam. E ntomobryidae) and s ix for Tomo ce rus 
bidentatus Fo lsom . 

10. Beetles - Emph asis h as bee n placed a lmost 
entirely on th e trog lobitic genu s Pseudanophthalmus 
(fam . Carabidae). A new species or s ubspec ies was 
co ll ected in Showa lt er's Cave , Rockbridge Co. , and 
t wO new records for P. hubbardi limicola J eann el have 
been obt ai ned fr o'm Shen andoah Wild Cave and Shen
andoah Cavern s , She nandoah Co. 

A l arge amo unt of staphy linid ma te ri al has 
a l so been acc umul ated. 

11. Phala ng ids - Cave opili onid s a re rare but 
severa l spec imens of the troglophilic Phalangodes 
flavescens (Cope) (fam. Phal angodidaa) h ave been 
collec t ed. 

12 . P se udoscorpion s - Almost every cave that 
ha rbor s the se s carce organi s ms has, upon close in
vest igation , y ie lded a new spec ies. A few examp les 
a re Apochtbonius s p. (fam. Chth on iidae) a nd Pseudo
zaona sp. (fam . Chernetidae) from Cave Run P it Cave, 
Bath Co., and Kleptochthonius (Ch ambe rlinochthonius) 
sp. (fam . Chthoniidae) fr om Porter ' s Cave , Bat h Co. 

13. Sp ide rs - Many co ll ections have been made of 
t he linyphiid spiders and a few of th e nes ticids. Pha
n e tta subterranea (Eme rton) (fam. Lin yphiidae) ha s 
bee n recorded fr om nin e ne w locali ti es, Porrhomma 
cavemicolum (Key se rl ing) from thre e new loca liti es, 
a nd Nes tic us /lallidus Emert on (fam. Nes tic idae) and 
N es ticus cart e ri Emerton from one new loc a lity each. 

14. Sa lamander s - e w records have bee n acc umu
lated for nearl y a ll of the thi rtee n spec ie s of p letho
dont id salamander s (fam. Ple th odo ntid ae ) known to in
h abit Virgi nia and Wes t Virgi ni a caves. T he follow
ing new records a re of s ig nific a nt inte rest: Eurycea 
lucifuga Rafinesque, nin e new location s; P seudo 
triton p. /lo r/lby ri ticus (Gree n ), seve n new location s 

mostly in southwes te rn Virg in ia; Ple th odon w. 
we hrlei (Fowler and Dunn ), t wo new locat ions; and 
Aneides ae ne IJ s (Cope a nd P ac kard), on e n ew 10-
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cation .... 

15. Bats - Significant range exte ns ions have been 
obtai ned for My otis sodalis Mill e r and G. M. Allen. 
Two s ma ll winte r coloni es were observ ed in Clover 
Hollow Cave , Gi les Co . and Newberry-B ane Cave , 
Bland Co. in J a nuary a nd February respec ti vely. A 
l a rge s ummer colony of M. soda li s was observed in 
Grigsby Cave , Scott Co. in August. 

One ne w record , Bennet's Cave , T uc ker Co. , 
Wes t Virg ini a , was obtain ed for Plecotus townsendii 
vi rg in anus Hand ley in April. 

T wo spec im ens of the r a re Leib Bat, Myotis 
subulatus leibii Aud ubon and Bachman, were sighted 
in Starr Chape l Cave , Bath Co. in February. 

CONTR IB UTIONS 

A total of nine papers have been wr itt en as a 
result of the work comp leted by members of the Sur
vey . A li s t of the se numbered c ontribution s follows : 

No .1 - Cooper, J ohn E. , 1962, Cave Record s for the 
salamander Ple thodon r. richmondi Pope , 
with no tes on addi tion al cave-associated 
spec ies: Herpe tologica, 17:2 50- 255. 

No.2 1961, Some accumulated biospeleo-
logical data: Baltimore C rollo News. 4 :87-91. 

No . 3 - Holsinger, J ohn R., 196 1, South wes te rn Vir
g ini a caves; Parr III - biospeleolog ical data: 
D. C. Speleograph, 17:91-93. 

No . 4 - Cooper, J ohn E., 1962 , A discussion of prac
tical and theore ti ca l categor ies in biospele
o logy: in manuscri pt . 

No. 5 - Conrad , Lyle G., 196 1, Dis tr ib uti on problems 
concerning the long-eared bat , PlecotlJs town
sendii v irg inianIJs: D. C. S pe leogra ph 17 :49-52. 

No.6 - Cooper , John E ., 1962 , Cave-associated sala
manders of Virgini a and West Virgini a: B alti
more Crollo News , 5: 43-45. 

No.7 - 1962 , We hrle's Salamander, Plethodon 
w. we hrlei, from a Highland Co unty , Vi rgini a 
cave: Baltimore Crollo News , 5: 53. 

No .8 - Holsinger, J ohn R., 1962, Annotated check
li st of the macroscopic troglobites of Virginia 
wi th notes on their geographic dis tributi on: 
Bull. Nat . Speleo l. Soc. , i n press. 

No.9 - 1962 , The biology of Virg inia Cave s: 
In Caves of Virginia. Vi rgi ni a Divis ion of 
Mineral Resources , i n press . 

More contr ib uti on s are p lanr.ed , and papers will 
be published as the accumulation of new data warr a nt s. 

" T hi s s /leci es was collect ed in John son Cave 112, 
Russell Co. in Aug ust 1961. T his was the f irs t cave 
re cord fo r Ane ide s aeneus in Virginia. 
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CONSUL T ATION 

The following systematists h ave been actively e n
gaged in the identification of the tax a noted: Dr. 
Thomas C. Barr , Jr., Carabid ae ; Dr. Ne ll B. Causey , 
Diplopoda; Dr. Willi s J. Gertsch, Araneae; Dr. Libbi e 
H. Hyman, Turbellaria; Dr. Ashley B . Gurney, Gryll
acrididae; Dr. Horton H. Hobb s , Jr., Astacidae; Dr. 
C larence J . Goodnight, Phalangodidae ; Dr . David L. 
Malcolm and Dr . William B. Muchmore, Chelonethida; 
Dr. G. E. Gates, Lumbricidae; Mr. Harrison R. Steev es , 
Ill, Asellidae; and Dr. David L. Wray, Collembola. 

INSECTS AND SPIDERS OF CAVES OF 
COLORADO AND SOUTH DAKOTA 

Robert W. Ayre 
Eas t Northport, N. Y. 

(Abstract) 
A semi-popular account of recent field work by 

Members of the NSS and th e Colorado Chapter of the 
NSS. Stress was on the spider fauna of Fly Cave, 
Colorado. 

NOCTURNAL MIGRATION OF HADENOECUS 
SUBTERRANEUS 

(Abstract) 

Brother G. Nicholas, F. S.C. 
Department of Biology 

University of Notre Dame 

A st ud y was made on the population fluctuations 
of the cave cricket, Hadenoecus sub terTaneus , in 
Cathedral Cave (37° 12' 50"N.; 86° 03' II"W. ), Mam
moth Cave National Park, Edmonson County, Kentuck y. 
Daily observations, averaging three hours each, were 
made from 26 November, 1960, to 28 February, 1962 . 
Twelve quadrats we re established at 10 foot interv a ls 
throughout the c ave . Three of these are in the en
trance zone, three in the twilight zone, and six in the 
dark zone. All observations of ac tivities of H. sub
terraneus were made in these quadrats . 

Over 3,000 crickets were marked with pigmented 
shellac. A coding system was developed so that time 
a nd place of marking, and place of rec apture could be 
determi ned . Supplemental observations were made on 
cave crickets in twe lve nearby caves. Data were ob
tained on mortality, mating behavior, migration, hom
ing tendencies, predation a nd food habits, although 
only nocturn a l migration is considered in this paper. 

All observations made in Cathedral Cave have 
bee n codified on 3,400 I.B.M. cards. A program was 
written for use in an I.B.M. 1620 computer that en
abled dete rmin a tion of total population; me an densi
tie s , standard deviation and s tandard error of each 
s pecies (including H. subterrane·us) per quadrat and 
per zone; we ekl y, biweekly a nd monthly me ans of a ll 
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e nvironmental parameters; a nd corr e la ti on of these 
parameters with po pulation fluctu a tion of all species. 

H. s ubt e rraneus comprises approxim a tely 75 % of 
th e total population of Cathedr a l Cave con s idered on 
an a nnua l basis. It is troglophilic, periodically leav
ing the c ave to feed. It s droppings constitute an im
portant nutntlve source f.or troglobitic (obligativ e 
c avernico le s) species within the cave . Minor fluctu a
tions of the H. sub terran eus popul a tion occur in each 
zone of the cave with an overall decrease of about 
10% during the s ummer compared to the re s t of the 
year. 

A daily nocturnal migra ti on occurs with one
third of the total population of H. sub terraneus from 
all quadrats leavi ng the cave after twilight and re
turning before dawn. This movement is for feeding 
purposes. It does not occur when the temperature i s 
below -5°C and / or the relative humidity is le ss than 
85 %. 97% of all marked individuals recaptured during 
the day were fo~nd in their home quadra ts . Similar 
migrations have been noted In surrounding caves 
within the Mammoth Cave Nation a l Park and in cave s 
of the Edwards Pla teau in Texas , although no mark
ing has been done on individuals In these latter 
caves. 

The oth er species of cave cricke t present, Ceuth o
philus stygius, constitutes le ss than 2% of the total 
population and displays no migratory movements. 

BAT BANDING IN VIRGINIA AND 
WEST VIRGINIA* 

Lyle G. Co nrad 
Biological Survey of Virginia Caves 

Needless to say, Virgini a and West Virgini a con
tain numerous caves. This area is one whic h has had 
only preliminary investigations made i n respect to the 
study of bats. In fact, determi nations of the life 
hi s tori es of bat s throughout the United States leaves 
much to be desired. 

Knowledge of the habits of bat s is important for 
various re asons. In the biological consideration of 
caves, knowledge of bat s is neces sary if various 
ecologic~ l studies are to be made . Since the rabies 
problem appears ro be increasing, it ·will be profit a 
ble to know ranges a nd migratory routes of various 
species of bats. Further information i s also desirable 
from an academic s tandpoint . 

Cavers can help biologi s ts intere sted in bats by 
taking note of approximate population sizes , loc a
tions, dates, pos s ibly identification of species. If 

• Con tribution No. 11 Irom th e Biological Survey 01 
Virginia Caves, a research project 01 the Na tional 
Speleological Society. 



No.8, August 1962 - Pa!t II 

the bat s are banded, they could, with the aid of gloves, 
read the band numbers and send them to the Fish and 
Wild life Service, Department of the Interior, Washing
ton, D. C. 

Bats often found in the Virginia caves include 
the Little Brown Bat, Myotis luci/ugus; Big Brown 
Bat, Eptesicus /uscus; Pipistrelle, Pipistrellus sub· 
/Iavus; Indiana Cave Bat, Myotis sodalis; and the 
Bigeared Bat, Plecotus townsendii virginianus. 

Others appear from time to time. Relatively rare 
cave species include the Leib's Bat, Myotis subulatus 
leibii; Gray Bat, Myo tis grisescens; and Say 's Bat, 
Myotis keeni septentrionalis. These are all very 
similar to the Little Brown Bat and are difficult to 
distinguish. The Say 's Bat has slightly longer ears. 

Tree bats are probably as common as cave dwell
ing bats in the Virginias, but are not easily caught. A 
report has been made of the Silver-haired Bat, 
Lasionycteris noctivagans. as having been seen in a 
Virginia cave. This is a tree bat and is rarely found 
in caves. It's dark brown pelage, tipped wi th silver 
makes it easy to identify. Two other tree bats, the 
Red Bat , Lasiurus borealis and the Hoary Bat, Lasiu
rus cinereus , would a l so be worth looking for. The 
Red Bat is about the same size as the common Little 
Brown Bat, but has a reddish tinge, where as the Hoary 
Bat has a whitish tinge on almost black pe l age and 
is much larger. Having a wingspan of about fourteen 
inches, it is the largest of the bats in the eastern 
United State s. LeConte's Big-eared Bat, Plecotus 
ra/finesquii, supposedly not found in caves, is similar 
to the cave dweller of the same ge nus . 

Wayne Davis indicates that populations of the 
Indiana Cave Bats and the Big-e ared Bats of the East, 
Myotis sodalis and Plecotus townsendii respectively, 
are decreasing in numbers rapidly. (BA T BAN DING 
NEWS, Vol. 3, No. I, January 1962, pp . 2-6) . Various 
causes may exist: spe lunking pressure, collecting by 
zoologists and physiologists, "sporting cavers" who 
like to golf bats off ceilings, and possibly disease. 
It would be helpful to find more populations of these 
species so that they might be protected. 

The author started to band bats in the Virginias 
in 1960. So far, a meager de nt has been made in the 
banding of bats and the determination of their life 
histories. It is hoped, that with the use of mist nets 
and other apparatus, mOre knowledge will be gained 
soon. 

&5 
06099 

WRITE.. FISH & 
WILDLI F E. SE~\{ ICE 
WA SH I ~a.TON. n.c. 

Figure 1 
Di//erent s ize aluminum bands are usually clamped on 
the wings 0/ bats. The size o/the band depends upon 

103 

the size a/the bat. When recording band numbers. be 
sure to read as many digits as possible. Sometimes 
skin grows over part 0/ the band. The numbers are on 
the outside a/the band. as seen on the diag ram on the 
left. When uncurled. one will lind the in/ormation in 
the diagram on the right on the inside o/the band. 

No . ,s- 0,099 

II/T . - DUP. SEC., WASH . , D.C. W7H06-60 

Figure 2 
Actual example 0/ card kept by the Fish and Wildli/e 
Service alter bander sends in data. In/ormation on re
turns is recorded under" Locality taken." 

Geology Session 
ON THE DEFINITION OF A CAVE 

Rane L. Curl 

(Abstract) 

Department of Statistics 
University College, London 

A cave is a space rather than an object and con
sequently its definition involves the specification of 
its boundaries. This can be done in various ways for 
different purposes, but all definitions must involve 
a minimum dimension, if only to separate "cave" from 
s uch contiguous spaces as intercrystalline pores. It 
is proposed therefore to specify a defining dimension 
or module for a cave for its entrances. The problem 
of associating a suitable shape with the module is 
discussed. 

Caves defined by a module of human size and 
shape are termed Proper Caves as they are custom
arily given proper names when assessible. Proper 
entrance s may be defined similarly although proper 
caves mayor may not have proper (and natural) en
trances. 

Because this concept provides a uniform basis 
upon which other cave properties may be studied it is 
useful in applications. In addition it suggests a pos
sibility of reasonably clearly separating caves into 
groups according to their module range. 
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SOME CONSIDERATIONS ON THE USE 
OF NATURAL CAVES AS FALL-OUT SHELTERS 

IN NORTH ALABAMA 

W. W. Varnedoe, Jr. 
Huntsville, Alabama 

INTRODUCTION 

The Huntsville Grono of the National Speleo
logical Society has been called upon by the Army, 
the National Guard of Alabama, the Madison County 
Civil Defense Director, and the Mayor of Huntsville 
as well as the Brown Engineering Company, who is 
the contractor for the Corps of Engineers conducting 
the nation-wide Fallout Shelter Survey and Marking 
Program in North Alabama. All of these agencies and 
officials have sought information on caves in the 
North Alabama area with the view of using them as 
fallout shelters. 

The Grotto adopted a policy of cooperation. With 
any other approach, the various organizations would 
merely go off on their own and with improper knowl
edge might get hurt or damage the caves. 

To properly aid these people, however, we must 
understand the nature of their requirements and make 
known to them the limitations of caves to meet these 
requirements. 

CONSIDERATIONS 

In order to evaluate the effectiveness of caves as 
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fense authorities, that if we can protect ourselves 
for about two or three weeks, the radioactivity will 
have fallen to within tolerable limits. 

The radioactivity itself, consists of three kinds; 
a, {3, and Y rays . Y rays are the strongest and, de
pendent on the ir energy, can penetrate 2 feet of con
crete. a and i3 rays can be stopped by cardboard, 
plastic, or almost anything. They are however, pres
ent in abundance and must not be inges ted. If radio
active dust is breathed, rests on the skin, or is drunk 
in contaminated water, the radioactivity lodges in the 
body. Since radiation dosage is accumulative, such 
ingestion, even small amounts, can be fatal. 

In the light of the nature of the hazards, c aves 
can be broken down into eight categories that are not 
suitable as shelters for the following reasons: 

- ---

shelters from atomic explosion fallout containing radi- ________ 
ation hazards, the nature of the danger must be under- ....----' 
stood. 

Utilizing this understanding, cave types that are 
not suitable without extensive work or modifications 
are listed. The caves' relative abundance for each 
type is used to obtain a per cent figure of caves that 
might offer protection . This data is taken from the 
caves of Madison County, North Alabama, as listed 
on the Alabama State Cave Survey. 

Atomic explosions cover such extensive areas 
and the modern means of delivery are so swift that in 
this paper no consideration is given to blast protec
tion. This paper will assume that the bomb missed, 
or was aimed elsewhere. 

Explosions of this nature generate radioactive 
clouds composed of debris of the bomb as well as 
dust sucked up into the cloud and contaminated 
there. This dust and / or rain later falls out and be
comes a radio-active hazard. This dangerous fallout 
area is many times the blast damage area. 

Most of the atomic debris that concerns us has a 
s hort half-life. This means, according to Civil De-

-
Type 1 (left above) 

Too small in cross section or floor area . These are 
eliminated purely on the unsuitability of cramming 
humans in such environments for two weeks. 

Type 2 (right above) 
There is no protection from fallout at all in open pits, 
therefore, these pits are not suitable. If hori zontal 
passages exist at the bottom, these are listed with 
Type 7. 
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w'1/ft:~,.
~ --$",.,,,,.,_ 

~--~~======~ c:=:::=::=: _____ 

Type 3 
Blowing caves, which includes both those based on 
the heat sink effect with elevation difference of 
entrances and two-entrance caves with a wind blow
ing into one of the entrances. An "entrance", here, 
is taken to mean any crack thru which wind can enter, 
whether or not spelunkers can follow. Any wind en
tering the cave can and will bring in radioactive dust. 
In many such caves sea ling all the cracks is not feas
ible. Since dust will be a prime SOurce of rays, these 
caves are not useful. The dust is assumed to be of 
the consistency of face powder. 

----=---
Type 4 (above) 

If a s urfac e stream enters the cave directly, it will 
wash in all types of radioactive debris and may even 
acc umulate radioactivity inside the cave. 

Type 5 (below) 
What was true of Type 4 is a lso true of these caves, 
with st reams flowin g out. This contamination can in
clude the cei ling drips too, s ince it would be diffi
c ult to determine the amount of filtering the wa ter 
has had. 

FLOW 
<.----

Type 6 (below) 
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Even if the water enters thru an extenSive filter 
system, humans are not adapted to live underwate r; 
therefore, if the cave floods to the point of eliminating 
living areas, it was discarded. 

Type 7 (on next page) 
Can you imagine a hypothetica l huge dry room at the 
back Schoolhouse Cave, s uitable as a fallout shelter 
in every way , except, how to ge t there? Anyone who 
has had experience in the expense of putting paths 
into commercial caves, knows the problems wi th this 
type cave. Since Civil Defense Projects are notori
ously short of funds, caves with s uit a ble rooms, but 
only accessible afte r difficult muddy crawling, pit
work or o th e r s trenuous ac tivity , have been dropped 
from conside ration. 
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, 
I 

Type 8 

The problems encountered in just trying to get to some 
caves are a part of the tall tales of every spelunker. 
So, if the cave would require construction of bridges 
and long roads, or is just too remote from population 
centers, it has not been considered . 

The caves of the Alabama Cave Survey were tab
ulated and typed according to these eight classifica
tions in Table 1. Si nce to a certain extent these 
types are independent of each other, the Cumulative 
Percent Sui t able is the product of the previous Re-
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Table I 

Percent Percent Cumulative 
No. Type of Remaining Percent 

Total Suitable 

1 Too small 85 15 15 

2 Pits 25 75 11 

3 Blowing 15 85 9.5 

4 Stream in 14 86 9.25 

5 Stream out 15 85 7 

6 Floods 6 94 6.5 

7 Too difficult 70 30 2 

8 Inacce ssible 10 90 1.8 

malOlOg Percent and the Perc~nt Left by that particu
lar feature. That is, if 85% of the caves are too 
small, then 15% are big enough. Of these, 6% flood 
(and 94% don't) so of the 15% big enough, 94 don't 
flood, and thus, .15 x .94 = .14, so, 14% are suitable 
from these two standpoints. This procedure is car
ried out for all eight types of elimination a nd the con
clusion is reached that 1.8% of the caves are suitable 
to convert to shelters. In Madison County, there are 
98 caves thus; one would expect to find two suitable 
caves . In fact, there is only one, in the author's 
opinion. 

The word "convert" is used because even com
mercial caves need some work to be suitable. They 
must be stocked with supplies, food, and medicine. 
Water must be stored inside. (Most cave water is not 
potable even without fallout) and the entrance must be 
sealed, not just secured, and a filtered air source in
stalled. 

For those few caves that do turn out to be suit
able, it might be easier to construct some sort of 
frame and chickenwire house or rooms with connecting 
tunnels in the cave, then cover these with plastic 
sheets to make an effective seal against atomic dust 
and moisture . Of course, these houses, or rooms, 
would need floors to smooth out the breakdown Or 
keep out the mud. Such flimsy houses, however, might 
be cheaper and easier to build than 2-foot-thick 
concrete or excavated shelters outside. 

With the work involved in even the good caves, 
the shelter should handle a sizeable number of people 
to justify the effort, which further restricts those 
caves left over from Type 1. 

The Corps of Engineers' nationwide survey has 
set a minimum of 50 people per she lter with a minimum 
living area of 500 square feet. 
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Con s idering the population of Norrh Ala ba ma , 
caves c annot be a prime shelter source and only in 
isolated cases can they be used as auxili ary she lt e r s 
after some work . 

Civil Defense a uthorities believe tha t in urb an 
areas, there wi ll be enough, in fac t a surplus, of 
s uit able buildings. Caves would be most use ful in 
rur a l areas where big buildings are scarc e or non
existent. 

APPLICATIONS OF EXPERIMENTAL GEOLOGY 
TO PROBLEMS IN CAVERN DEVELOPMENT 

R a lph O. Ewers 
C incinnati Museum 

(Abstract) 
Prevailing theor ies of cavern development have 

been base d largely on the analysis of data collected 
in field observati on s of caves in which an uncert ai n 
and probably highly complex . serie s of events and 
conditions h av e played important formati ve roles. An 
analysis of a sing le genetic factor is nearly impossi
ble in a na tural cavern due to the s uper-position of 
the factor on pre-existing features or the s ubsequent 
addition of sti ll more factors. 

Therefore, experimental geo log ic a l t echniques in
volving a limited number of controlled variables may 
serve to clarify our recognition of specific factors in 
spe leogenesis. 

T h e a uthor has attempted to eva luate experi
me ntally th e e ff ects of phreatic so lution on a wide 
varie ty of joint and bedding plane configurations 
und er graded a nd artesi an condit io ns , emphasizing 
the early formative period, a nd comparing these ef
fec t s t o observable cavern features. These experi
me nts indicate th at phreatic so lution take s pl ace in 
a ll joint and bedding plane systems which is maximum 
a t or nearest the uppe r surface of the phreatic zone , 
dec reasi ng roughly exponentiall y with depth and favor
ing a shallowes t-possib le phreati c origin for most 
cavern s. 

SU3MERGED KARSTIC FEATURES IN THE 
FLORIDIAN PLATEAU 

(Abs tract) 

Louis A. Hippenmeier 
Univers ity of F lorida 

Many flooded caves in Florida contain evidenc e 
th a t they have bee n dry at some t i me in the past. In 
addition, s inkho les h ave been detected in th e Strai t s 
of F lorida and in the Gulf of Mexico a t a depth of as 
muc h as 1,500 fee t below sea level. It is believed 
th at many of these sinkholes and caves developed 
under vadose or sha llow phreatic condi tions and were 
in undated by e ustat ic changes in sea level d uring the 
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Cenozoic , coupled with a gradual down warping of 
portions of the Floridian Plateau as a re s ult of i so
s t atic c ompensation for the Ocala Uplift a nd regional 
downwarping of the earth's crust as a result of the de
veloping geosyncline in the Gulf of Mexico. 

A METHOD OF PREPARING CAVE INDICES AND 
SOME PRELIMINARY RESULTS ON LOCATION 

AND SIZE DISTRIBUTION FOR CAVES 

( Abstract) 

IN THE UNITED STATES 

Richard R. Anderson 
Red Bank, New J ersey 

Informa tion on more than 11,000 caves In the 
United States, plus many foreign cave s , is now in the 
NSS Cave Files. A method of indexing much of this 
information is described. The cave name and location 
is give n in full. Other data, as cave type, size, en
trances, and s pecial equipment needed, is coded to 
con serve space, and the key to this c ode is described. 
Provision is also made for extending the indexing 
system to include biologic a l, geological, and other 
special data, and to provide for s uch problems as 
caves with multiple names, or wi th multiple entrances. 

As of July I, 1962 , the information for over 6,000 
caves, representing 43 of the states, has been in
dexed. 

With the method described, the data can be pro
ces sed by regular accounting machines, and several 
examples of the possible results are shown. One is a 
map of the U . S. (not printed here) s howing the dis
tr ib ution of caves with i n the country. A second 
sample (to be found on the next page) is a table 
s howing the le ngth distribution s t ages , with a rough 
bre akdown by types . This t able also shows how the 
numbe r of known caves h as increased since 1943, 
whe n Morgan published an index to the caves known 
a t th at t i me. 

Some conclusion s are drawn as to the usefulness 
of this type of index, and the e ffects of making the in
di ces available to cavers (and possibly to other s). 
In particular, conservation is s tres s ed, a nd a spec ial 
prov ision is made so th a t in certain c ases the exact 
location can be deleted before the ind ex is printed. 

OBSERVATIONS OF HIGH ALTITUDE CAVES 
IN GUATEMALA 

(Abs trac t) 

Russell H. Gurnee 
C loster, New Jersey 

Gua tema la , largest of the Ce ntra l American Re-
publics, has three distinct regions: the lowlands 

(con tinued On page 109) 
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CAVES IN GUATEMALA cont . 

(Pacific and Peten), the midland s , and the highlands. 
These reg ion s , brought abo ut by volcanic activity and 
block faulting, have made the east-we s t chain of 
mountains the highest in Centra l America. 

Cretaceous limestone, laid down on the present 
midlands, has been fr ac tured, twi s ted and thrus t up to 
e levations In excess of t we lve thousand feet by 
faulting action and earth movement. 

Th e Cuchumatane s Highland s are a limestone 
horst thrust up to 13,000 feet, and cover an area of 
a bout 1,200 square miles. Erosion of this plateau 
ha s tak e n place underground and many of the springs 
and riv e r s 5,000 feet below have their so urce in the 
plains of the C uchumatantane s . 

Exp loration by the NSS in November, 1961, re
s ulted in the recording a nd photographing of six caves 
above the 8,300-foot-Ievel and one cave at 11, 400 
feet. Sa mples of limestone, fossils and karst devel
opment were noted at 12,100 feet. 

An Indi an sacred ritual cave was mapped, and 
underground stream s urveyed a nd ma ny pit s and 
chasms e xplored. 

A se lection of color s lide s s howed some of the 
terr ain and interior cave scenes . 

FURTHER WORK ON THE TOLLY PROJECT 

William J. Steph en son 

(Abstract) 
Bethesda, Maryland 

At the 1960 Convention, a re port was given on 
preliminary work which had been done a t Tolly Cave, 
Va ., in an effort to obtain a re asonable figure for the 
minimum time required to form a cave. Tolley Cave 
being a s imple, one channel cave which was prob ably 
formed by free s urfac e s tream solution, it was rhought 
possible to compute the present volume of the cave, 
measure the rate of s tream flow and the amount of 
so lids added to the stream while passing through the 
cave and from the se factor s, compute the minimum 
time required to form the cave. 

The first re ad ings gave a time of about five mil
lion years . Further work has shown th a t solution con
ditions are not constant as previously presumed but 
t e nd to vary gre a tly . Addi tion a l observation s wo uld 
give fi g ures requiring a length of time which wo uld 
appear to be inconsistent with o th er kno wn geo log ical 
data . It is quit e possible that at some time during the 
life of th e cave , condition s must have existed which 
would have promoted cave formation much faster th an 
t he present rat e. Another intere s ting fact is th e di s 
cove ry that unde r so me conditions the s tream i s de
positing materi a l in the cave rathe r than removin g it. 

SPELEOLOGICAL POTENTIAL OF THE 
BOB MARSHALL WILDERNESS AND 

ADJACENT AREAS 

C. Howard McDonald 
Montan a Spe leological Survey 
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Ever since serious cave study began in Montana, 
the Bob Marshall Wild ernes s Area has been the sub
ject of considerable interest and spe leolog ica l spec u
lation. Here i s one of the most remote area s of th e 
United State s , larger th an the s t a te of Delaware, and 
containing immense potential for both surface and 
s ubterranean exploration. Information currently on 
file with the Montana Spe leological Surve y wo uld 
seem to indicate extremely favorable condition s for 
the development of extensive cave system s , both 
vertical and horizontal. 

While admittedly , a portion of this speculation i s 
based on dat a that in some cases is not completely 
verified, the information on hand should be put in 
ptoper perspective and analyzed. This is the intent 
of thi s paper. 

The Bob Marshall Wilderne ss is a tract of Fed
erally owned l and containing approximately one mil
lion acres . The area s traddle s the continental divide 
in northwestern Montana. An erratic boundary en
compasses nearly all t e rritory bet we en 47° 15" and 
48° 10" North, bounded east a nd wes t by 112° 50" 
and 113° 40" Wes t. It i s carved from parts of three 
Nationa l Forests and several counties. Here is the 
northern backbone of the nation, with waters flowing 
into nUmerous [lver sys tems and eventually , t wo 
oceans. Topography is varied, and consists chiefly 
of the Rocky Mountains, and several sub-chains; high 
mountain meadows and basins, divided by towe rin g 
peaks that achieve 9000 feet and higher. Except for 
a number of trails , occasional fire lookouts a nd a fe w 
seasonal ranger stations, this area is wilderness of 
the hig hest degree, unchanged since the adve nt of the 
white man . 

In addi ti on, an a rea measuring prac tic a ll y an
other million acres adjo in s Bob Marsh a ll on all sides , 
and for a ll practical purposes is true wi lderne ss , al
though it does not possess Federal designation as 
such. Because of it s proximity to Bob Marshall, 
s imilar geology and wild condition, it will for pur
poses of thi s report be considered as a homoge neous 
region with the Marshall Area. 

Geolog ic a ll y , the Bob Marshall abounds with de
posits of limestone and associated sediments. The 
geology of the area is complex, and though not com
pletely s tudied , it could well be the subje ct of several 
papers by itself . 

Limestones of Ca mbri an age, includ ing the Helen a 
lime sto ne , occur throughout the are a. The " Chinese 
Wall", a mighty escarpme nt tha t form s the continental 
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divide for 15 miles, runs through the area, and is com
posed chiefly 0 f Cambri an deposits. This natural 
barrier reportedly has but a single crossing in its 
entire length, and varies from 50 to 200 feet in 
height. Caves have been reported along the wa ll 
in widely separated areas. 

The Jefferson Limestone of Devonian age is 
widely scattered throughout the area, and while no 
caves are known to definitely exist in the Bob Mar
shall deposits of the J efferson, they do occur else
where in this formation. 

The Madison Limestone of Mississippian age is 
common across the Bob Marshall and is the most 
speleoiferous limestone in the region. Numerous 
caves have been reported and studied within the area 
and along its fringes, all in the Madison formation. 
It is interesting to note that nearly all major Montana 
caves occur in the · Madison. 

A preliminary study of the Bob Marshall and ad
jacent areas indicates that at le ast three major condi
tions exist that are conducive to cavern formation. 
They are: Existence of an abundance of limestones, 
known to be cave-bearing; the existence of major 
faults and associated features, the Lewis Overthrust 
being the prime example; and the tremendous surface 
and subsurface drainage from the run-off of abundant 
snow and rain fall the year around. 

Actual exploration of the Bob Marshall area 
would be a formidable task for any cave-hunter, geol
ogist or prospector. Its size makes systematic re
search , except in small areas, an impossibility. Those 
of the caving fraternity accustomed to improved roads 
to cave areas, with a mile or so hike beyond the 
limits of an automobile, may well turn away in dis
may when confronted with a 4 0, 50 or even 60 mile 
hike along primitive trail, traversable only on foot or 
by pack train. Even the avid outdoors man may think 
twice before attempting a trip that requires weeks of 
wilderness living, far from the trail. These are the 
chief reasons that Bob Marshall Area holds its secrets 
well. 

However, we are indebted to a small but deter
mined handful of souls who have ventured out to view 
this area's wonders, and returned to report thei r im
pressions. Fortunately, many have had more than just 
a pas sing interest in caves, and have made it possible 
for us to compile a preliminary survey, thus pinpoint
ing areas that hold speleological promise . To these 
adventurers we are indebted. 

F or purpose s of this paper, the reports on file 
with the Montana Speleological Survey were divided 
into twO categories. Caves known definitely to exist, 
which have been, at least partially explored, a nd 
cave locations that have been reported by reliable 
s ources, but where little or no exploration and study 
has been accomplished . Unverified rumors, for the 

111 

most part, were discarded for the time being and are 
not included . 

Several sizeable caves exist on the fringes of 
the Bob Marshall and its adjacent areas. While quite 
removed from the Wilderness, Ophir Cave (1 on map), 
near Helena, Montana, lies practically on the con
tinental divide, and is located in a region geologically 
similar to Bob Marshall. Ophir is basically a cave 
consisting of two rooms, both quite large, and located 
one directly above the other. These chambers are con
nected by a breakdown filled crevice that opens into 
the ceiling of th.e lower room. This connection can 
be traversed by extensive crawling through breakdown 
and rigging the 40 foot drop into the lower room. Ophir 
Cave is quite speleothemic and very interesting, pre
senting a few complex problems of speleogenesis. A 
report published in an NSS Bulletin several years ago, 
spec ul ated that Ophir was quite deep . The ens uing 
activity by Montana cavers to disprove this report 
led to the formation of the Montana Survey. 

Two c.aves near Spotted Bear Ranger Station, on 
the northwest corner of the Bob Marshall are of inter
est, and both possibly indicative of the types of caves 
the Wilderness may contain. Spotted Bear Lookout 
Cave (2 on map) was first explored by a crew led by 
Basil Hritsco in July of 1955 . The cave is reported 
to be only 40 feet deep, with a 200 foot rOom at the 
bottom. However, it can be considered typical of the 
small sinkhole caves found elsewhere in Montana. 

Limestone Cave (3 on map) is nearby by Montana 
standards, a scant 15 miles up the Spotted Bear River 
from the Ranger Station. It has been described by the 
Forest Service as a rather extensive cave, but no 
thorough exploration has been recorded. It is known 
to contain several sizeable chambers, but the exact 
size is unknown . Limestone Cave is located in a 
major limestone area, and other caves in the area are 
highly probable . 

Several caves on the eastern edge of the Rockies 
were explored in the early 50's by a Hritsco cre w. 
The two major caves, Bean Hole and Foggy Brennan 
Cave are the chief caverns in this group. Although not 
sizeable by Montana standards, these two caves con
tain much of speleological and poss.ibly archaeological 
interest . The story behind the naming of Foggy 
Brennan Cave has become a part of Montana caving 
folklore. 

The discovery of Volcano Reef Cave (5 on map) 
was the result of a story that began over 50 years ago 
when residents of the Blackleaf Canyon area reported 
a volcano in action on the north side of the canyon . 
This caused considerable consternation among the 
local population, and was the subject of several sen
sational pieces of early day journalism by the Great 
Falls Tribune. Inasmuch as this phenomenon occurred 
in the coldest months of winter, in a known limestone 
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area, latter day cavers postulated the existence of a 
cave. Volcano Reef proved to be limestone and the 
cave was located by Hritsco with a minimum of effort 
in the summer of 1961. The cave appears to be quite 
deep, but exploration has been hampered by the in
stability of one wall inside the entrance. A steady 
and quite strong draft issues from the cave, indicat
ing the possibility of chambers below. 

Other caves are known to exist on the outlying 
reaches of the Northern Rockies, but most are of 
minor interest, at least for purposes of this report. 

Deeper into the Bob Marshall, Our cave reports 
grow more numerous, while at the same time more in
definite. Some reports border on the tall tale category. 
Others seem tOO logical to be untrue, leading therefore 
to considerable speleological speculation. 

Scapegoat Mountain (6 on map) on the southern 
reaches of the area has been reported to be partially 
honeycombed with caves. There are positive indica
tions that there is underground drainage from its sum
mit to base. Cave Creek on the northeast slope of 
Scapegoat reportedly has many cave entrances along 
its bands. An old-time guide and packer quite familiar 
with the area told of taking hunting parties into the 
Scapegoat country. He reported the parties would 
camp in a high alpine meadow between two of the 
three peaks of Scapegoat. Horses were always 
tethered at night because of the numerous crevices in 
the area. These openings reportedly vary in width 
from several inches to 10 and 15 feet. The bottoms 
are not visible. Perennial ice or snow is, according 
to the reports, lacking in these fissures, indicating 
the possibility of drainage of the discharge of a high 
volume of air at periodic intervals. This is supple
mented by another report of a cave entrance about 
halfway up Scapegoat, containing a waterfall that 
disappears into a sizeable pit. 

West from Scapegoat Mountain, cave entrances 
have been reported on Foolhen Mountain (7 on map) by 
the USGS. Apex Mountain (8 on map) between Scape
goat and Foolhen reportedly contains a huge cave 
entrance on one face. To the north, caves have been 
reported at Sheep Sheds (9 on map) and Pretty Prairie 
(10 on map). Information from USGS files indicates 
many entrances leading to small caves. However, 
thorough investigation has not been made in either 
area. 

A pilot, and also a prospector, both report a 
huge sink "with overhanging sides" south of Gladia
tor Mountain (lion map) near the Chinese Wall. If 
this sink was observed by the pilot at a safe flying 
altitude, it is probably quite large. This site could 
have a connection with the legend of a huge blowing 
hole that the Indians reportedly avoided when cross
Ing the mountains in this general area . 

Silvertip Basin (12 on map), between Silvertip 
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Peak and Wall Creek contains many sinkholes, ac
cording to at least twO reliable reports. According to 
what geological data is available, this area is part of 
the Silvertip Syncline, an extensive limestone deposit. 

Reports of varying reliability place caves on or 
near Pentagon Mountain (13 on map), Pinnacle Point, 
and Ear Mountain (15 on map). 

Various other points throughout the Bob Marshall 
offer challenge. There are several Cave Creeks, 
Limestone Creeks, and Cave Mountains as well as 
other place names suggesting caves. Only on the SpOt 
investigation will reveal the reason for these tOPO
graphical designations, as no records are available, 
and those responsible for them have long since 
passed on. 

The aforementioned Chinese Wall, the best known 
geologic feature of the area, is reported to contain 
caves (16 on map). One seemingly reliable report 
tells of water gushing from a hole in the wall. Other 
reports tell of sinks along the summit and base of the 
wall. The Little Chinese Wall contains a cave that 
defied the best attempts of an exploring crew several 
years ago, and remains unexplored to this date. 

In conclusion, let us state that while the number 
of reported and verified c aves does not in itself qual
ify the Bob Marshall Wilderness as a major Western 
cave area, the geologic make-up of the area is defi- . 
nitely conducive to cavern development. Additionally, 
trails through the area are for the most part, along 
stream grades and through mountain passes, leaving 
the areas where countless numbers of caves might 
exist far from the normal routes of hikers and camping 
parties. Very few caves have been reported at stream 
level in Montana. In other areas such as the Pryor, 
Snowy, and Belt Mountains, extensive karst areas 
exist atop mountain ranges with sinks fed by melting 
snow. Very few trails crOss areas of this nature in 
the Marshall Wilderness. 

It is therefore reasonable to speculate that this 
huge, remote and sometimes foreboding region may 
prove to be the last frontier of American speleology, 
holding tight to its secrets, yet willing to share 
them with the speleologist possessing a good pair of 
hiking legs, considerable free time, and determination. 
Perhaps in the divine scheme of things it is intended 
that this area be left for future generations who will 
tire of the well . worn trails through the vandalized 
caves of the 21st Century. In any event, the hun
dreds of caves of Bob Marshall, if they truly exist, 
are preserved, along with the towering mountains, 
crystal clear streams, and uncut forests that make up 
one of America's finest Wildernesses. In an era of 
superhighways, suburbia, shopping centers and bill
board:::, what better reason can we give for these 
wilde rness areas, and their preservation for all time . 
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SOME LIMITATIONS ON SPELEO-GENETIC 
SPECULATION IMPOSED BY THE HYDRAULICS 

OF GROUNDWATER FLOW IN LIMESTONE 

William B . White and Judith Longyear 
Dept. of Geophysics and Geochemistry 

Department of Mathematics 
The Pennsylv ania State University 

( Abstract) 
Thi s paper analyzes some aspects of gro und 

water flo w in limestone in terms of known principles 
of fluid mechanics. It is shown that limestone and 
sandstone aquifer s are no longer described by the 
same e quation s at approximately Reynold s Number 
= 4 , long before the onset of turbule nce. Turbulence 
sets in a t Reynolds Numbe r ne ar 2000. Both limita
tion s are passed in limestone channels before the 
channel reaches the dimensions of a cave. Most 
caves must have been ope ned by water in turbule nt 
flow. 

Weyl h as s ho?'n that the controlling factor in 
limestone solution is the rate of diffusion of ions 
through the l a mina r streamlines. His formulae are 
applied to show that the efficiency of solution is 
good while the fractures are very small (less than 
. 01 c m. ) but that the e fficienc y falls off very r a pid
ly as the fracture grows. For fractures of gentle 
slope (l0) the flow will become turbulent when the 
fractUre width reaches 0.5 cm. In turbulent flow 
there i s effic ient mixing in the center of the s tre am 
and the rate controlling factor becomes the rate of 
diffusion of ions across the laminar boundary layer. 
The efficiency of solution undergoes a sort of hy
draulic jump at the crit ical passage width for the 
laminar-turbulent flo w transition and lncrease s by 
seven orders of magnitude. 

Kay ' s principle of the self-acceleration of an 
optimum flow path through the limestone is re
phrased in terms of the hydraulic jump of the solu
tion efficiency. In a se t of possible paths, the first 
to achieve turbulent · flow will enlarge orders of mag
nitude faster than the others, thus explaining why 
there are fe wer passages than fractures in the bedrock. 

Cavern development will take place along those 
flow lines tha t permit the highest velocities . It is 
suggested that speleogenetic theories might better 
be couched in terms of the flow velocities and hy
draulic gradients which directly control the rate of 
solution rather than karst water tables which con
trol cavern development only indirectly. 

The complete text of this paper appears in the 
Nittany Grotto Newsletter, 10 (9): 155-167, May 1962. 

Mountain Lake, Virginia 
THE 1963 NSS CONVENTION 

Plan to Attend 
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CAVE OCCURRENCES IN 
THE PRYOR MOUNTAINS, MONTANA* 

Jerold K. Elliott 
Billings, Montana 

INTRODUCTION 

This paper is designed as a reconnaissance study 
of the Pryor Mountain caves. Most of the caves 
studied are rather small, and it is felt that more bene
fit may be derived by s tudying them as a whole, in 
relation to the regional g eology, rather than individu
a lly. 

None of the Pryor caves have been previously 
mapped a nd no exact locations were known . All map
ping and exploratory work has been undertaken by the 
Treasure State Speleological Society of Billings, 
Monta n a , a nd acknowledgement is given to them for 
their assis tance, and espec ially to Mr. Royce Tillett, 
a Treasure State Speleologic al Society member, and 
a local rancher in the Pryor Mountain area, who made 
several original discoveries. He and other ranchers 
h ave been most helpful in locating most of the known 
caves, but several remain to be located. Many of the 
caves will be described in the last section of the 
paper . 

The Pryor Mountains are located north of the 
Wyoming-Montan a border in Townships 5 to 9 South, 
and Ran ges 25 to 29 E ast, Carbon and Bighorn 
Co untie s , Montana. The Pryor Mountains are a sep
arate structural unit from the Bighorn Range. They 
a re moderately dissected block mountains with 
g entle dip slopes to the west a nd steep scarp faces 
to the north and east . These dip slopes are mostly 
stripped surfaces of the Madison limestone of Missis 
sippian age (Blackstone, 1940). 

The Pryor Mountains may be divided into 4 major 
a nd 3 minor parts. The major parts are: Big Pryor 
Mountain , East Pryor Mountain, We st Pryor Mountain 
and the Northeast block. The minor parts are : Shive
ley Hill Dome, the Southe ast block (or Sykes Spring 
are a), and Little Mountain (a minor anticline on East 
Pryor Mountain). 

Big Pryor Mountain is a southward-plunging, 
asymmetric, faulted anticline bounded by the Sage 
Creek fault, a high-angle normal fault downthrown to 
the north, on the north and by the Crooked Creek 
fa ult on the east. 

East Pryor Mountain has been elevated and ro
tated more than any of the other segments of the up
lift. F a ult movement has taken place on the eastern 

• Ed. No te: This paper contained many illustrations 
that could n ot be reproduced in the N SS NE WS, in
cluding many photographs and maps 0/ most 0/ the 
caves. Th e original manuscript has been deposited 
in th e N SS Library and may be re/e rred to there. 
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part of the Sage Creek fault zone and on the Dryhead 
fault and the Sykes Spring faults. The downthrown 
block is to the wes t. This block has been modified 
by low-ang Ie thrus t faults. Approximate Iy 1500 feet 
of displacement has been noted along the Sage Creek 
Fault. 

The Southeast block, or the Sykes Spring area, 
is an area of extensive faulting, which resulted in 
the springs bearing their name. West Pryor Mountain, 
the Northeast block, and Shively Hill dome a re a 
s eries of three southward-plunging, asymmetrical anti
clines divided by synclines. All three are terminated 
on the north by the North Pryor fault . West Pryor 
Mountain is bisected by the deep windgap known as 
Pryor Gap, the ancestral course of the Shoshone 
River (Mackin, 1937). 

STRATIGRAPHY 

The caves are loc a lized in the upper Madis on, or 
"cave member", of Mississippian Age. The Lodge
pole, Lower Mission Ca nyon, a nd upper Mission 
Canyon formations have been heavily dolomiti zed 
during diagensis of the original lime s tone, which has 
resulted in high densitie s of the carbonates. These 
bed s are relatively little frac tured, and do not contain 
caves, save one, (a faulted situation), which wi ll be 
mentioned later. The "cave" member contains small 
"patch" reefs, or shelf bioherms , as they may be more 
correctly called, which forms the s trat ig raphic "hori
zon" for most of the cave deve lopment. The "cave" 
member is overlain by the Amsden Shales, much of 
which contain reworked Madi son limestone. 

GENESIS OF THE CAVES 

Toward the end of Osagian time, there occurred 
a ge neral deepening of the Wi lliston Basin in North
eas tern Montana and North Dakota, which resulted in 
the evaporatic Charles se que nc e . At th e same time, 
broad, but minor, uplifting occurred in are as off the 
edge of the Wi lli s ton Basin. Suc h an are a was the 
Pryor Mount ai n area. Minor folding occurred, possi
bly t wO low anticlines . In the relatively s hallow 
waters occasional "patch" reefs g rew, where con
ditions of salinit y and depth were right. Original 
cavities (Grab a u, 1924) , were formed by branching 
a rms of coral, a long with the original porosity . Much 
of these spaces were filled in, however, wi th silts 
a nd clays , which underwe nt secondary silicification 
during diagenesis. Some original cavities were le ft, 
which served as "starters " for future cavern develop
ment . 

Figure 1 is a diagram of the ge nesis of the caves, 
starting with the se original cavities, from bottom to 
t Op. 
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SECONDARY 
MINERALI ZATION 

Genesis 0/ th e caves in the Pryor Mo untains, Montana 

During the diagenesis of the sediment s , an ex
tensive kars t topogr aph was formed. Many of the beds 
were s econdarily dolomit ized. During this proce ss , 
a reduction in volume occurred, bec ause of Ca ion 
replacement by Mg ions, cre a ting further porosity and 
collapse of overburden, leaving additional c avi tie s . 
Density currents in the sea acte d as a dissolving 
medium, enlarging the original cavities into cave rn s. 
The reefs formed limited porosity zones, being e n
closed .by dense basinal-type limestone, which were 
leached out by the density current s , forming caverns. 
Small remnant s of the coral may be seen occasion
a lly on some of th e cave walls. 

After consolidation of the beds, a t the end of 
Meramecian time, the Amsden form ation was la id 
down, filling up the Karst topography, and inc orpora t
ing chunks of Madison limeston e. 

At the end of Cre taceous time , the Laramide 
Revolution uplifted the Pryor Mountains a lmos t as it 
exists today. Subsequently much of the s urrounding 
a rea was covered by Terti a ry deposits (Hauptman, 
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1961 and Schulte, 1962), leaving the Pryor Moun
tains (and the Big Horn Mountains) sticking up as 
monadnocks . Late in the Pliocene the Cascadian 
Revolution further uplifted the Pryor Mountains to 
their present position. The then abundant waters 
stripped off most of the beds overlying the Madison 
limestone and re-excavated the caves . The ground 
water "zone" was erratic, existing only in more 
porous sections of the limestone such as those cre
ated by the small "patch" coral reefs and by areas 
of extensive fracture systems. Some of the cavities 
were opened to the surface through fractures occurring 
during the Cascadian Revolution . Royce Cave is a 
good example of this. A na rrow passage leads into a 
dome-shaped circular room lined with calcite crystals. 
Additional solutional activity occurred in the shallow 
phreatic zone , opening up these fractures, re
excavating the caves, and further enlarging them. 

Perennial ice is found in Red Pryor Ice Cave, 
Crater Ice Cave, Big Ice Cave, and Little Ice Cave. 
Apparently, the mean annual temperature is low 
e nough and the density of the lime s tone is such as to 
maintain freezing temperatures in the caves the year 
around. These temperatures range from a few degrees 
below freezing in the winter to a few degrees above 
freezing briefly in late summer . Some melting of the 
ice has been observed late in the fall and a build-up 
of the ice in early spring in Little Ice Cave. The ice 
floor on the upper le vel of Big Ice Cave seems to be 
decreasing from year to year. Reports from local 
ranchers indicate that twenty years ago the ice here 
was at least six feet higher than at present. 

Beginning with the Cretaceous and lasting until 
the Pleistocene, the Beartooth-Yellowstone area con
tributed much volcanic debris, especially ash, to the 
area. This material migrated across the then-existing 
peneplane toward the drainage of the Big Horn River. 
The slightly acidic waters picked up uranium salts 
from this ash and carried it towards the Big Horn 
River. As the pH of these waters became alkaline, 
th e uranium sa lts precipitated out in the vicinity of 
the Pryor Mountains and on Low Mountain (we st spur 
of the Big Horn Mountains) . Subsequent waters con
centrated these salts in the more porous limestone of 
the Pryors, and especially in cave fill as Tyuyamunite 
(a uranium-v anadium oxide). 

DESCRIPTIONS OF THE CAVES 

Crater lee Cave has one room 200 feet long by 
130 feet wide, with a semi-dome shaped roof approxi
mately 25 feet high. There is much cave fill and no 
speleothems. Some perennial ice is found towards the 
rear. There are two entrances, one in a small lime
stone outcrop and the other in a sink-hole from the 
roof near the first entrance. It is on the east face 
of the scarp created by the Crooked Creek Fault. 
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Red Pryor l ee Cave has a single dome-shaped 
room 320 by 220 feet. There are very few speleothems 
and much coarse fill. There are t WO entrances, both 
sink holes. There is a s now cone under one with a 
drop of 10 feet from the hole to the cone. From the 
other, a s no w and ice slope extends from the surface 
to the floor . Perennial ic e practically covers the en
tire floor, whic h requires rope and ice crampons to 
negotiate. A mountain lion sk ull was found among 
the fill. There were bear track s on the snow cone. 

Blaekie l ee Cave is a vertical sink hole approxi
mately 40 feet deep with a small, domed room at the 
bottom. There is some ice in the bottom. A pile of 
bones, including bison, horse and cattle, is found on 
the floor. 

Karst Area Sink Hole is similar to Blackie Ice 
Cave in the same general area on tOP of Big Pryor 
Mountain. It is a vertical s haft, approximately 40 
feet deep, going nowhere. 

Old Glory Mine is the uraniwn discovery mine of 
the Pryor Mountains . The mine shafts intersect wi th 
caverns , where most of the uranium is found. Some 
of them contain ice columns. 

Big lee Cave has two room s, the upper 320 feet 
long by 70 feet wide , 25 feet high, covered with ice. 
An 18 foot drop down a hole in the rear of this cham
ber, down an old ricket y ladder, leads to the lower 
room, which is 200 feet by 65 feet. The floor is cov
ered with ice, and the walls are covered with ice 
crystals . Crampons are required in the lower room, 
due to sloping floors. 

Little l ee Cave is probably the most extensive 
cavern in the Pryor Mountains. The entrance is in a 
small limestone outcrop. Ice is found on the floor 
of the first rOom and in the second room. The cave 
1S a maze of tunnels and small rooms, wi th much 
crawling. Much of the cave has not been mapped. 

Mystery Cave is primarily one large rOom 500 
feet by 50 feet, 30 feet high. The entrance is a 
large opening, leading down a steep slope into the 
large room. There is much fill and some spectacular 
speleothems. This area is only partially explored, 
and unmapped, as is another area toward the rear of 
the cave. 

Frog's Fault is a vertical pit 270 feet to the 
lowest measured depth. The drop is in series . Rope 
work is required for entry. There is some popcorn 
formation in the lower depths. The entrance is a 
wide slit in the 'side of a hill. As the n ame implies, 
this cavern is a faulted situation with some solution. 

Keyhole Cave is a large slit in the vertical face 
of the east canyon wa ll of Crooked Creek. It is 
shaped like a keyhole, hence the name. The entrance 
is 80 feet by 20 feet, closing rapidly to nothing. A 

(continued on page 717) 
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small water seep a t the rear indicates a vadose origin . 

Sykes Cave is a small, narrow c rawl way-type 
cave, with one larger, domed shaped room a t the front. 
The entrance is in an obscure canyon, high up on the 
canyon wall. 

Four-Eared Bat Cave , so-called because of the 
presence of the Cal ifornia Lump-nosed Bat, has 
severa l rooms approximately 100 feet by 60 feet, 10 
feet high, with flat sandy floors and some spe leothems 
around the edges. The entrance is obsc ure, lying on 
top of a rolling flat. 

Other caves in the P ryor Mountains are Salt Lick 
Cave , Royce Cave, Little Sink Cave, Four by Four 
Cave, and the small, geode-like cavities of the Lisbon 
Mine tunnels. 

What's for the future in the Pryor Mountains? 
A number of other caves have been reported, but their 
locations are obscure. It will take a lot of hunting 
to find all of them. Teton Cave and Star Cave <ue 
known. Other caves reported, but not yet located are: 
Sage Creek Cave, Summit Cave, Bear Canyon Cave, 
and Na meless Pryor Cave. Seve ra l other "holes", 
not previous ly known, h ave been reported . All of 
these need to be found, mapped and studied. Many 
more caves wi ll s ure ly be found in the process. We 
have much work to do in the Pryor Mountains. 
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CAVERN FORMATION IN THE BLACK HILLS 
OF SOUTH DAKOT A, 

WITH SPECIAL REFERENCE TO JEWEL CAVE* 

Dwight E. Deal 
Department of Geology 
University of Wyoming 

The caves and cavernous rocks of the Black Hills 
of South Dakota have a more complex geologic history 
than any other caves or cave region known to the 
a uth or . Although the majority of the field work for 
this paper was done in Je we l Cave, all the other 
developed caves in the region were visited. It is 
thought that the conclusions reac hed are regionally 
valid. 

The cooperation of the National Park Service and 
the commercial cave owners i n the area is greatly 
apprecia te d. The field work was partially supported 
by a S 1 00 grant from the NSS. 

The following sequence of events has affected 
the development of caves in the Black Hill s: 

De position of the Pahasapa limestone. During 
early and middle 1ississippian time the Pahasapa 
limestone was deposited in the warm shallow sea 
th at occupied this region. Chert replaced horizont a l 
zones of the limestone prior to it s final compaction. 

Pre-Minnelusa unconformity. During late Missis
sippian and early Pennsylvanian time the area was 
emergent and an extensive karst surface was devel
oped upon the Pahasapa limestone. 

Deposition of the Minnelusa fo rmat ion. The 
Pennsylvanian and Permian Minn elusa formation, 
composed of i nt erbedded sandstones , si lt stones, 
shales, and lime stones , was deposited on tOP of this 
karsr surface. 

Deposition of brown calcite. During some later 
period of erosion, possibly at the time of the pre
Opeche unconformity, solution cavities were form ed in 
the Pahasapa limestone and co llapse features were 
developed in the overlying Minnelusa sandstones . 
Coarsely crystalline red-brown to brown calcite was 
then deposited, cementing cave breakdown and fill
ing many fractures i n both the Pahasapa limestone 
and the limestones of the Minnel usa formation. Figure 
1 is a photograph of a wall in Jewel Cave in which a 
breccia, composed of angular limestone and chert 
fragments, is cemented by coarsely crystalline brown 
calcite. The brown calcite is identical to, and appar
early continuous with, the brown calcite veins th at 

• Thi s paper is based on part of the fie ld work under
taken for a Masters thesis to be presented to the 
Department of Geology at the University of Wyoming_ 
A limited number of re productions of the entire thesis 
w ill be made available to interested members of the 
Society this Fall. 



Figure 1 
Angular limestone breccia exposed in the wall of] ewel 
Cave. Note hand for scale. Photo by D. Deal 

form the cores of boxwork. Note the hand for scale . 

Emplacement of pre-cave fill. The Black Hills 
were uplifted during the Laramide Orogeny and the 
present caves were formed sometime during Tertiary 
time. After the deposition of the red-brown to brown 
calcite veins and prior to the development of the 
present caves, solution again affected the Pahasapa 
limestone. Poorly cemented fills containing fragments 
of limestone, sandstone, and chert were emplaced in 
solution cavities. These fills contain material de
rived from the Minnelusa formation, cut the angular 
limestone breccia, and are themselves cut by the 
present caves. Such fills may be seen along the 
stairs above the "Trap Door" in the developed por
tion of Jewel Cave and in the ceiling behind the 
"Frostwork Ledge" in the "Fairgrounds" section 
of Wind Cave. 

Solution of the present caves. The gross out
lines of the present caves were dissolved beneath 
the water table by slowly circulating ground water. 
The coarsely crysta lline red-brown to brown calcite 
veins were more resistant to solution than the 
Pahasapa limestone and were left standing in relief 
from the cave walls. These veins, usually paper-thin, 
form the cores of the boxwork found in almost all the 
Black Hills caves. 
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Brown calcite deposition and oxidation of the 
cave walls. In some cases the cave-filling solutions 
then deposited a coating of red-brown to brown c al
cite, identical in texture and color to the calcite 
veins in the limestone, upon the boxwork cores and 
bedrock cave walls. Oxidation took place and resulted 
in the red coloration of the limestone bedrock parallel 
to, and up to several inches in depth behind, the 
original cave walls. 

Accumulation of sediment. Sediment accumulated 
on all the upward facing surfaces in the caves. This 
was accompanied by the simultaneous deposition of 
calcite which cemented the sediment and allowed 
thick deposits to accumulate on the fragile boxwork 
cores. Rather thick deposits have accumulated in 
those caves on the northeast flank of the Black Hills 
and have been mistakenly thought of as the original 
boxwork cores . Close examination of the massive 
box work from Bethlehem, Wonderland, and Stage Barn 
Caves reveal the paper-thin extensions of the red
brown to brown calcite veins that initially supported 
the sediment. Figure 2 shows the accumulation of 
sediment on all the upward facing boxwork fins in 
Wind Cave. A later deposit of calcite covers the 
sediment. 

Draining of the caves. Many of the caves seem 
to have been drained at this time. There is evidence 
of mud cracks in Wind Cave and flows tone in Wonder
land and Bethlehem Caves having existed prior to the 
deposition of the thick layers of spar . 

De position of spar. 
filled with water, and 

The caves again became 
large scalenohedrons and 

Figure 2 
Sediment deposited on upward facing surfaces of box
work fins in Wind Cave. Photo by D. Deal 
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rhombohedrons of clear to white calcite (dogtooth 
and nailhead spar) were deposited in most of the 
caves. This is referred to as the pe'riod of spar 
deposition. The thickness of this coa ting varies 
greatly , ranging from 6 to 8 mm . in Wind Cave to 
over 18 inches in Sitting Bull Cave. There is no 
crystal lining in Rushmore Cave, a nd Stage Barn 
Cave may have experienced crystal depo s ition only 
in its lower portions . The boxwork cores a nd sedi
ment accumulations became crystal coated. The box
-work was completely obliterated in those caves tha t 
received very thick coat ings of spar. Clastic materi a l 
was deposited a numbe r of time s durin g the perioJ of 
spar deposi ti on, c aus ing b anding in the crystals and 
the occasional interruption of crystal growth on the 
upward facing surfaces, both of which vary from cave 
to c ave. 

Period 0/ resolution. Mos t of the caves experi
enced a period of resolution during which the spar 
crystals were etched and rounded, and occasiona ll y 
completely removed . In the uppermos t levels of J ewel 
Cave the spar coating h as been completely removed 
by resolution. Figure 3 shows a typical upper level 

f. 
• 

Figure 3 
Upp e r I ever 0/ ] ewel Cave from which the coating 0/ 
spar has been removed during the period 0/ resolution. 

Photo by D. Dea l 
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F igure 4 
] anny ' s Cranny , ] ewe I Cave. T he spar above th e caver 
has been partially removed by resolution; the spar be 
low the caver has not. Photo by D. Dea l 

passage in Jewel Cave. This is the "Rainbow Key
hole", so named for the hori zontal band of red lime 
s tone, apparently stratigraphically controlled, s een 
in th e bottom of the picture. The limestone above and 
below is white. In general, resolution h as been much 
more effective in the uppe r level s of Jewel Cave than 
in the lower le vels. Very localized resolution has 
also commonly taken place . Figure 4 is a photo
graph of "Janny's Cranny" in the intermediate levels 
of Jewel Cave. This shows the thick coating of spar, 
wh ich is about 6 inches thick in the bottom of the 
bottom of the photograph. The crys tals below the 
caver have not been redissolve d and s till show good 
terminations. Those above the caver have been 
rounded and smoothed by the resolution. Much of the 
boxwork found in Je wel Cave was left standing in re
lief, sometimes in a gap between the layer of spar and 
the present cave wall s, at thi s time. This boxwork 
has no extensive secondary coatings and usually con
sists only of the extensions of the brown calcite 
veins . In Jewel Cave, this period of resolution has 
a lso ttuncated calcite anthodite deposits. U these 
deposi t s were formed sub-aerially, they imply that 
Jewel Cave was drained and then filled again prior to 
the time of resolution. 

C lay deposition. Red-brown c ave clays and e x
tensive deposi t s of black manganese minerals were 
deposited on the cave floors . 

Silica deposition . In the caves on the southwest 
fl ank of the Black Hills silica was leached from the 
c hert in the Pahasapa limestone and deposited in the 
clays and manganese minerals . Silica was also lo
cally deposited on the c ave walls. Figure 5 shows 
some of the silica cemented clays draped over the top 
of the large crystals of spar in Jewel Cave. 
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Figure 5 
Si fica cemen ted clay draped ever the spar in Je wel 
Cave. Phete by D. Deal 

Drain ing ef the caves. The caves were drained. 
In J ewel Cave , much ef the uncemented clay was 
tr ansperted to. the lewer levels. Figure 6 (cever pheto,_' 
ef this i s sue) shews seme ef the water markings en 
the wa lls in the lew levels ef Jewel Cave. Breakdewn 
ec c urred . 

Sub-aerial cave de/)esits fermed. These include 
the nermal varieties ef dr ipston e and flewstone in 
lecally we t areas , calcite glebulites, calcite, aragen
it e, and gypsum anthedites, gypsum flewe rs and 
"dust", meenmilk, and celd water delemite depesits. 
Many ef these depesits may s till be ferming. 

This summary i s generalized, incemplete, and 
dees net discuss certain preblems censidered in the 
the sis . The caves in the Black Hills are astenishing 
in their cemplexities and it is heped that ethers wi ll 
be st imulated to. inves tigate them and criticize this 
a uther's werk. There are s till many details to. be 
werked eut. 

Practical Session--
A COMPACT SPELEO-SURVIVAL KIT 

(Abstract) 

Glen K. Merrill 
Austin, Texas 

Obvieusly no. ene can carry a ll the items which 
mig ht preve helpful t o. reselve a given c risis when 
unde rg reund, but a small and very useful kit can be 
simp ly censtructed that will previde aid and cemfert 
to. man a nd beas t (c a rbide lamp) in mest s itua tiens. 

In keeping with the current trend teward micrCl
miniaturizatien, this kit is essentially centained i n 
in ene 35 mm film cassette can. 

CAVING EN ROUTE TO WORLD'S FAIR 

(Abstract) 

William R. Halliday 
Seattle, Was hington 

A censiuerable number ef eas te rn cavers have in
dicated that they intend to. centinue wes t to. Seattle 
and its Werld's Fair after the Cenventien. Fer th eir 
benefit, the Cascade Grecco. is spensering t wo. special 
trips in Washington state the weekends ef June 23 and 

June 30, to Java tube caverns ef except ienal inte res t, 

en a ene-day and twe-day basis . 

En reute to the Pac ific North west from the Cen

ventien, there are a number ef interesting caverns, 

beth wild and develeped, which cavers may wish to. 
v is ie- Their lecatien s a re indicated and their special 

features discussed briefly. 
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