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Preface

The widening public interest in speleology has brought to the
Society increased responsibility for disseminating knowledge in this
field. Facts concerning speleology are sought by a variety of consumers
—hobbyists, naturalists, and scientists.

In order to serve better the needs of such different groups, the
Society last year increased the number of its officers. There are now
four vice-presidents, responsible respectively for administration, sci-
ence, public relations, and publications. The good results of their
specialized labors are already becoming evident.

A proposal to enlarge the publication program, to mention one,
has been approved by the Board of Governors. In reviewing the de-
velopment of the present-day News and BuLLETIN, the Board gave its
support to pleas that every effort be made to further improve the News
by budgeting a larger amount for it. This will permit the use of more
pictures and the printing of more extra-page issues. Also more timely
news stories will be sought from the grottoes and individual members.
The News will continue to be the Society’s best medium of timely in-
formation. Since many of its items are of lasting interest, an index is
being prepared.

The BuLLETIN, from now on to be known as THE AMERICAN
Caver, will continue to bring to the members and to an expanding
group of non-member readers popularly written articles on a large
variety of speleological subjects. These will include articles on explor-
ation of caves at home and abroad, interpretation of the findings of
scientists as they apply to caves, and the descriptions of caves and cave
regions of general imterest. The finest available photographs will be
a feature of each issue.

With this number a new regular feature is being added: a sec-
tion for General Notes. Under this category are included items too
short to justify their use as general articles, but nevertheless of sufficient
importance to warrant the wider attention that publication here will
bring. The notes may be of a more technical nature, but strictly tech-
nical papers, long or short, will not be published here.

Instead, reports on substantial research in the field of speleology
will be published in a new series of OccasioNAL Papers. Published at
irregular intervals, they will be distributed only to members who re-
quest them. To non-members they will be priced according to the cost
of publication of the individual papers.

Scientists, graduate students, and amateur speleologists, whether
members of the Society or not, are invited to submit material for the
OccasioNAL Paprers. A more detailed description of the scope of the
new publication will be mailed upon request.

Serious concern has been expressed over the decline in the num-
ber of published reports in the field of American speleology. The
dearth of papers has been attributed to the lengthened work week of

(continued on inside back cover)
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Photo by Thomas 1. Miller, Jr.
This photograph, entitled "First Glimpse of a New World," received the First Award in the Fifth International Photographic Salon
(1952) of the National Speleological Society. It was taken by a photographer for the Louisville Courier-Journal in the so-called ""New
Discovery' of Mammoth Cave, Kentucky, and ably portrays the effect he sought which, in his own words, was to depict "a feeling of
mysticism, of wonder, of enchantment, of awe."



A Survey of Bat Bandimg m North America, 19321921

By CHARLES E. MOHR

Divector, Audubon Center, Greenwich, Connecticul

All photos by the author

Probably [ew cave enthusiasts realize the extent to which bat banding has
been carried on by scientists in the last twenty years. During that time nearly
70,000 bats have been banded (nearly three quarters of them [rom caves) for the
purpose of studying their life history and habits. The extent of this banding
activity, its methods, procedures, objectives and vesults is told here for the furst
time by one of the nation’s top ranking chiropterists.

The marking ol bats began in 1916 when
ornithologist Arthur A. Allen (1921) attached
bird bands to the legs of five bats. In Califor-
nia in 1922, A. B. Howell banded 4 bats, and in
1923, Luther Little banded 37 (Howell and
Little, 1924). Harold Wood in Pennsylvania
used two bird bands on bats in 1929 and in the
same year H. B. Sherman (1987) banded 76
juvenile bats in Florida. None of these persons
continued banding however.

In 1932, Donald Griffin (1934) in New Eng-
land, and Earl L. Poole (1932) and 1 (Mohr,
1933) in Pennsylvania, began banding activities
which proved to be the first sustained endeavors
in this field in America. These studies were car-
ried out almost simultancously. In both areas
there had been experimentation with marking
methods, including the use of histological stains
and tattooing. In both areas aluminum bird
bands were finally selected as the best marking
medium.

On the evening ol May 21, 1932, I captured
and tagged a series of 14 bats of three species
as they flew into Scholer Cave, near Kutztown,
Pennsylvania. This appears to be the first time
that cave bats were marked so that individuals
could be recognized!" One of the Pennsylvania
projects was the banding of 763 bats of four
species in seven abandoned, incomplete tunnels
of the South Penn Railroad as engineers began
to transform thiem into Pennsylvania Turnpike
Tunnels (Mohr 1942).

On September 7, 1932, Griflin (1934) began
1 C. A. R. Campbell (1921) wrote of capturing 2004 free-

tailed bats in a Texas cave daubing them with white-

wash and rveleasing them 30 miles away. He reported
that they flew directly to the cave in about one hour.
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using bird bands in a summer roost on Cape
Cod, and in 1931 undertook the banding of bats
hibernating in caves in New England and New
York. With the aid of well-organized banding
teams, he was eventually to band about 8,500
bats in caves and mines, and about 5,000 in
summer colonies in buildings.

Net until 1936 did banding activities spread
to other states. In September 1936, Mary Guth-
rie  (1937) banded 731 bats in Marvel and
Rocheport Caves, Missouri, and the late W. A.
Welter, in April 1937, banded 2,000 in Bat
Cave, in castern Kentucky. In 1938, H. L
Shreve began banding a series of 242 bats in
West Virginia caves.

In 1939, G. N. Rysgaard (1942) in Minne-
sota, initiated a study of 464 cave bats, and in
New Jersey and Pennsylvania, Harold Trapido
banded the first of some 5,300 bats, using many
ol them in a series of homing experiments. Also
in 1939, Harold B. Hitchcock launched an ex-
tensive program which, by 1951, resulted in the
banding of 13,125 bats. In Texas, Nicholson
banded 200 [ree-tailed bats but never continued
with additional operations. Five banders
(Cagle, Cockrum, Elder, Engler, and Greeley)
received banding permits in 1940, and four ad-
ditional  (Llewellyn, Riney, Southam, and
Storer) in 1941.

During the war banding activities were
greatly curtailed. No new permits were granted
until 1948. Irom that time until the present,
30 banders have been supplied with bands by
the U. S. Fish and Wildlife Service.

The bat banding records were in charge of
Dr. H. H. T. Jackson until late in 1947, and
since then have been under the supervision of
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Stanley P. Young until September of 1951.
During this month the Section referred to as
Biological Surveys was combined with the Sec-
tion of Distribution and Migration of Birds,
and is now known as the Section of Distribution
of Birds and Mammals, under the supervision
of Dr. John W. Aldrich.

In October 1951, in an effort to ascertain the
current status of bat banding activities, I sent
a questionnaire to all persons to whom the
U. S. Fish and Wildlife Service had sent an
allotment ol bands.

This paper is based on 44 replies, supple-
mented by earlier correspondence with several
bat banders who no longer are active, and by
data in the Service files. The prompt response
of the banders, and their gencrous assistance
and valuable suggestions are gratefully
acknowledged. The data are incomplete be-
cause four of the banders are out of the Coun-
try (Trapido, Koford, Pearson, and Riney), and
their detailed records on nearly 11,000 bats are
not available. Nevertheless, the following sum-
mary is believed to be a reasonable approxi-
mation of the banding situation as of the cnd
of 1951. The [ull list of banders will be found
in Table 1.

Total banders, 1932-1951 ......ccccoeeve.. 53
Active banders, 1951 (including 6 co-
operators about to begin) ........... 33

A grand total of about 67,279 bats have
been banded. Of these about 50,000, almost ex-
actly 759, were found in caves or mines, gen-
erally in hibernating colonies.

The importance of caves and mines to bat
banding is further emphasized by the fact that
30 of the operators have banded some cave bats,
while 18 operators have worked with cave bats
exclusively. The leperators known to have
worked solely outside of caves generally have
been in areas where caves were scarce or absent.

METHODS AND PROCEDURE

With few exceptions the bats have been
banded with aluminum bird bands, generally
No. 0 for Pipistrellus and Myotis, with No. 1
usually reserved for larger species. For some
years they were used as leg bands, being placed
around the bat’s tibia (Grifin, 1934) with or
without cutting through the interfemoral mem-
brane.
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In 19389 Trapido adopted wing banding
(Trapido and Crowe, 1946), introduced in Ger-
many in 1932 by the pioneer European bat
bander, Eisentraut (1934). This method quickly .
supplanted leg banding since it has the advant-
age of making the bands more visible as the
bats hang in clusters. Like leg bands, however,
they will cause irritation if closed unevenly or
too tightly. As pointed out by Trapido and
Crowe, “the bands should be closed around the
forearm so as to encompass the bones, but leav-
ing a sufficient aperture to permit the band to
slide freely along the forearm without pinching
the wing membrane”. When inexpertly applied
the bands cause inflammation. Such bands often
are chewed until the numbers are partly or com-
pletely obliterated.

The serial number is inscribed around the
band. This prevents the number from being
read without handling the bat.. Bels (1952) re-
ports that a cooperator of Eisentraut recently
has manufactured bands with the numbers “en-
graved in the opposite direction”, that is, ver-
tically on the band instead of horizontally. The
number then is parallel to the [orearm of the
bat and at close range can be read without
wakening a hibernating bat.

When the bats hang in large clusters, how-
ever, it is impossible to see all the bands. One
method that offers a greater possibility of ob-
serving and recording numbers (at very close
range) without arousing the bats from hiberna-
tion is the ear-tagging method (Mohr, 1934) in
which stainless steel fingerling fish tags are used.
Tags used thus far have been purchased pri-
vately.

Since the ear is so important in flight, and
since a sliver ol metal penetrates it, a question
arises as to possible hindrance to the animal’s
navigation. The only data that throw any light
on the subject were secured at Durham Mine in
Pennsylvania. Of a series of 202 Myotis . luci-
fugus tagged in 1940, 259 were recorded as re-
turns in subsequent years. Of a larger series of
899 bats of this species banded in 1942, 449
returns were recorded in later years. On the
other hand, tagged bats have been retaken after
9 and 12 years.

It is important when handling hibernating
bats for banding purposes to reduce the period

NATIONAL SPELEOLOGICAL SOCIETY



of disturbance to a minimum. Excessive and
prolonged activity on the part of the bat re-
duces its chances of surviving the hibernation

TABLE

recommended (Griffin, 1940a). No more bats
should be put in a cage than can find places to
hang in it

1

A List oF BaT BANDERS IN THE UNITED STATES AND CaNaDA, 1932-1951

Bander Year Active Bats Banded
Began Now Banded in Caves
Baker, Ross S. 1944 Deccased 11 —
Banfield, A. W. F. 1946 No 12 42
Barbour, Roger W. 1937 Ready — -
Barkalow, F. S. 1950 Yes 7 7
Barnes, W. E. 1948 No —— —_
Barr, T. C. 1951 Ready — ——
Beer, James R. 1947 Yes 1,000 1.000
Broadbooks, Harold E. 1951 Yes 119 119
Cagle, Fred R. 1940 No 1.922 _
Childs, Henry E. Jr. 1951 Ready == s
Cockrum, E. Lendell 1910 Yes 2,000 2,000
Constantine, Denny G. 1946 Yes 4146 —_
Cope, James B. 1951 Ready — e
Crawley, Eugene 1940 No — i
Davis, Wayne 1950 Yes 1,141 1,000
Elder, William H. 1940 Yes 86 86
Engler, C. H. 1940 No 246 —_
Gardner, Robert J. 1950 Yes 1,000 1,000
Glass, Bryan P. 1949 Ready - -
Gocehring, Harry H. 1951 Yes 301 —_
Greeley, Frederick (and Beer) 1940 Yes 6,400 5.800
Grierson, Stanley 1948 Yes 87 50
Griffin, Donald R. 1932 No 13.000 8.500
Guthrie, Mary II. 1936 No 731 731
Hitchcock, Harold B. 1939 Yes 135.125 9.827
Jackson, William B. 1949 No 163 158
Koford, Mary R. 1947 No 4.000 2.000 F
Llewellyn, Leonard M. 1041 No 468 468
Mason, Charles 1946 No 100 400
Miller, Jerome S. 1948 Yes 350 S
Mohr, Charles E. 1932 Yes 3.880 3,645
Mumford, Russell E. 1951 Ready —— ——
Negus, Norman C. 1947 Yes? 2,700 2,700 E
Nicholson, A. J. 1939 No 200 200
Olson, Andrew C. 1950 Yes 74 —
Orr, Robert T. 19047 Yes 59 ——s
Pearson, Oliver 1948 Yes 1,100 500 F
Raynor, Gilbert Sidney 1947 Yes 61 —
Riney, Thane A. 1941 No _ —_
Rogers, Nancy 1948 Yes 1.016 1,016
Rysgaard, George N. 1939 No 464 464
Shreve, H. 1. 1938 No 242 242
Sister M. Talitha 1950 Yes 236 —_—
Sloane, Howard N. 1951 Yes 24 24
Smith, Elizabeith W. 1947 Yes 1.500 ==
Southam, Herbert H. 1941 No 27 —
Storer, Robert W. 1941 No 50 ——
Trapido, Harold 1939 No 5.350 5350 E
Ulmer, Frederick A. 1950 Yes 152 20
Welter, W. A. 1937 Deceased 2,000 2.000
West, Fenton T. 1951 Ready —_ —_
Wood, Sherwin F. 1949 Yes 513 —
Young, Heward F. 1951 Yes 286 286
E—Estimated Total bats banded ... 67.279 50,021

period. Energy reserves and moisture content of
the bat seem to be dangerously lowered.

Both to reduce activity and heat and to
simplify handling, screened collection cages are
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In banding a large series it is advantageous
to have the bands already spread and stored on
metal rods. Hitchcock (1941) has described a
useful device for opening small bands and a
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method for transferring them to rods. The stor-
age rods may be stuck into the ground and the
bands removed [rom the free end. It is desirable
to use a continuous series for one sex, a differ-
ent series for the other. This greatly simplifies
record keeping.

Fig. I. LEG BANDING was first marking system used in this
country. The band was closed around the tibia, with or with-
out cutting a slit in the interfemoral membrane. The bands
usually could not be seen as long as the bat hung up.

OBJECTIVES OF BANDING

Grifim  (1936) cited three principal  ob-

jectives in undertaking bat banding:

“l1. To determine whether the same in-
dividuals return annually to the sum-
mer roosts from which they were absent
in winter, and likewise to determine
whether the same bats return in suc-
cesive winters to the caves where they
hibernate;

2. To ascertain whether bats released at a
distance from their summer roost will
return to it; that is, whether they have
a homing instinct.

3. If possible to trace the movements of
individuals by recoveries of marked
bats.”

Many of the banders today likewise are in-
terested in these objectives but a number of
additional objectives are reported:

4. To determine the average and maxi-

mum length of life.

5. To determine the extent ol the dispro-
portionate sex ratios quite generally
found among hibernating bats;

6. To chart the growth of young bats;

7. To add to the meager knowledge of the
life histories of various species;

>w

To investigate the physiology of hiber-

nation;

9. To trace the life history ol blood para-
sites in banded individuals;

10. If possible, to follow the day to day

shilts of bats that occupy no regular

roost.

3 1 & B
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Fig. 2. EAR TAGS were used on nearly 3000 bats in Penn-
sylvania. Expense of the tags, privately purchased, limited
their use despite their increased visibility.

NATIONAL SPELEOLOGICAL SOCIETY



RESULTS OF BANDING

Considerable information is now at hand
under many ol the various categories just listed.
It is possible to answer at least partially, some
of the following questions:

1. Do the same individuals return annually

to the caves in which they were banded?

Recaptures of banded bats have conclusively

proved that they do come back to the same

hibernating quarters year after year. Likewise

bats may occupy the same summer roosts for a
period of years.

In describing the recapture of bats it seems
advantageous to adopt terminology consistent
with that now well established in bird banding,
as follows:

Return: The taking of a banded bat at or
close to the place of banding after the conclu-
sion of the scason (summer or hibernating) dur-
ing which it was banded. This corresponds to
the “later-scason local return” of Griffin (1945).

Repeat:
of banding during the same season
season local return” of Griffin).

Recapture at or close to the place
“same-

Recovery: Recapture [ar enough away from
the place of banding so that the movement
might be considered significant (“foreign re-
turn” of Griflin, with movements of 10 miles or
more).

Due to the extensive nature of most caves
and mines it is obviously difhcult to recapture
a large proportion ol banded bats. The follow-
ing records constitute the highest percentage of
returns in series ol significant size:

In a cave at Fourth Chute, Ontario, Hitch-
cock (1949) recorded returns of 73.59; of a
series of 27 Eptesicus f. fuscus, but only 5297
of a total of 316 banded in several different
caves. Hitchcock noted 41.79;
single year’s banding of 15 Myotis subulatus
letbii, at Fourth Chute, but only 25.497 of the
remarkably large series of 252 bats of this
species which he banded between 1942, and
1947.

Griffin  (1940a) reported rcturns of 56.89
and 36.79, of both Myotis . lucifugus and M.
sodalis “at two small caves in Vermont where it
is possible to catch all the bats”.

returns [rom a
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Rogers has had 249, returns on 504 Cory-
norhinus r. rafinesquii banded in several West
Virginia caves.

The largest scries that has been under ob-
servation continuously is a population of 899
Mpyotis [. lucifugus at Durham Mine in eastern
Pennsylvania (Mohr 1942). During the vyear
[ollowing banding, records compiled on three
visits totalled 2597 returns. In subsequent years
additional returns increased the percentage to
449, Five of the bats were retaken in five con-
secutive winters, one in cach of six [ollowing
winters, and one in seven of eight different win-
ters, [urther demonstrating the regularity of the
return of bats to their seasonal quarters.

In caves and mines in Devonshire, England,
a return ol 55.79; was reported on a series of
697 banded Rhinolophus ferrum-equinum and
a 309 return has been maintained for R. hip-
posideros (Hooper, Hooper and Shaw, 1951).

2. Do bats have a homing instinct?

At least 17 of the bat banders have perform-
ed homing experiments of some kind. Griffin
(1940a, 1945) wansported a total of 479 little
brown bats for distances up to 156 miles, and
had nine returns from the longest distance.

Beer and Greeley have retaken two M. [
lucifugus after homing flights of 250 miles. One
of these bats crossed Lake Michigan. Hitchcock
and Reynolds (1942) report finding 3 out of 76
M. . lucifugus released 180 miles from their
summer roost.

In Pennsylvania, Trapido took about 1525
bats from Aitkin Cave at the beginning of the
hibernation period in 1940 and 1941 and re-
leased them at various points up to 125 miles
from the cave. The results of this experiment
unfortunately are not available, but the few
records on file with the Survey indicate that
many returned immediately to the cave in
October and November.

Griffin  (1940a) found, and meager data on
the Trapido experiment also indicate, a higher
percentage of returns from bats carried away
from the roost (for distances under 50 miles)
than from banded bats released at the cave.
Hitchcock and Reynolds (1942) had the same
experience with bats released as much as 68 and
76 miles from their summer roosts. As already
reported, 449 of the 899 little brown bats band-
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ed at Durham Mine were retaken there in sub-
sequent years. Of these returns, 70 were later re-
leased at a point 55 miles away. Over a period
of several years 419, of these bats have been
taken as returns. Since all of these bats were
nearly three years old, at the least, when used
in the homing test, 419 must be considered a
very high return.

Griffin has suggested that the bats released
at the cave may scatter as a result of the disturb-
ance. On the other hand, “for some reason those
carried to a distance seem to be less likely to as-
sociate the discomfort of being banded with the
home roost”.

Several attempts -have been made to deter-
mine the speed of the homeward flight. The
only data obtained from banding ! are a 40-mile
return flight of a little brown bat in three days
in Pennsylvania (Mohr, 1942), and a 76-milc
return in six days by both young and adult of
the same species in southern Ontario (Hitch-
cock and Reynolds, 1942).

3. Can the movements of individual bals
be traced?

As already reported, banding has established
the regularity ol return of cave bats to their
hibernating quarters and proven the existence
of a remarkably strong homing instinct. On the
other hand it has indicated that some banded
bats do not return to the same cave in successive
winters. At Durham Mine, 89 of the 895 band-
cd bats retaken were found after apparent ab-
sences of four or more years (20 after intervals
of 4 years, 16 alter 5 years, 4 after 6 years, 6
alter 7 years, and one cach after 8 and 9 years).
It is unlikely that they all escaped notice during
the frequent inspections despite the extensive
nature of the mine.

In New England, Grifin (1910a, 1945) has
established the fact that some bats move from
cave to cave during the winter. Bats banded at
the exposed East Dorset cave in’early fall have
been found later the same winter in caves as
much as 125 miles away. Other fairly long win-
ter flights have been reported in the same
region. Griffin (1945) estimates however, “that
for every bat retaken after a shift from one cave
! Campbell’s white-washed bats in Texas reportedly flew

30 miles in about one hour. Dubkin (1952) described

the flight of an albino bat from Milwaukee to Chicago,
90 miles, in less than 150 minutes.
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to another about 100 were recovered in later
winters at the same cave where they had been
banded.” In England, many winter flights of 1
to 17 miles have been reported for the greater
horseshoe bat, Rhinolophus ferrum-equinum
(Hooper, Hooper and Shaw, 1951). In West
Virginia, Rogers notes some shifting of Corynor-
hinus r. rafinesquii from one cave to another
during the hibernating period.

It has been observed quite generally (Folk,
1940; Swanson and Evans, 1936; Guthrie, 1933;
Hahn, 1908) that considerable population
changes occur within a cave during the hiber-
nation period. In Belgium, Verschuren (1949)
marked the position of hibernating bats on the
cave wall without disturbing them and noticed
that after a few days these bats had disappeared
and new individuals had arrived. These spon-
taneous shifts and the appearance of new bats
at various times during the hibernating period
indicate a greater population change in winter
than has generally been supposed.

The proportion of recoveries of banded bats
from caves other than the ones in which they
were banded is too small to account for the pop-
ulation changes observed by Verschuren, Folk,
and others. Rather than hanging in other caves
unknown to the banders, it can be assumed that
they find other places of hibernation. The

Fig 3. AN EAR TAG identified this Leib's bat, trapped and

drowned by flood waters in Stover Cave, Pennsylvania.

D

strongest likelihood is that they hibernate in
crevices smaller than man can enter in quar-
ries, in talus accumulations, and other places
which remain above the [reezing point. That
many of these sites must be inadequate in this

NATIONAL SPELEOLOGICAL SOCIETY



Fig. 4. WING BANDING, originally used in European ex-
periments, became the accepted technique in this country
after 1940. |f properly applied the band is free to slide
along the forearm and does not disturb the bat. The project-
ing thumb aids the bat in getting a grip in climbing or,
sometimes, as it hangs upside down.

latter respect, probably accounts for the influx
of bats into caves after sharp temperature drops
in early winter (Folk 1940).

The movement of individual bats between
their summer roosts on Cape Cod to caves in
the mountains of Vermont has been established
by Griffin (1910a, 1945). At least 5 bats have
made scasonal flights of 168 miles in one direc-
tion. The percentage of such recoveries, be-
tween summer and winter quarters, has been
disappointingly small—slightly under 29, for
the most successful operations; for most banders
no recoveries whatever.

As Grifin  (1945) pointed out: “The data
obtained do not satisfactorily indicate either the
summer range of the bats banded in caves or
the winter quarters of those marked in summer
colonies.”

Three possible explanations are put forward
by Griffin:

“l. The coverage may have been too thin
to sample more than an insignificant
fraction of the caves or summer colo-
nies .

2. The bats may migrate entirely outside
the area studied . . .

3. There remains a speculative possibility
that these bats may use other places
than caves for hibernation, at least In
areas where caves are lacking . . .”

While it must be admitted readily that cov-
erage of summer colonies is inadequate, the
location of accessible caves in the Northeastern
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United States scems to be well known. Most
cave colonies numbering 100 bats or more are
visited annually. No evidence has been found to
indicate that the banded bats migrate beyond
the area studied by Griffin. It scems reasonably
certain, as already pointed out, that bats use
hibernating quarters other than caves and
mines.

For studying the shifts of individual bats
from one portion of a cave to another part, ear
tags offer a greater opportunity for observation
and recording without disturbance than do
bands which are more often hidden from view.

4. What is the maximum life span of bats
of various species?

To persons familiar with the extremely short
lives of small insectivores and rodents—few live
as much as two years—or with small birds, in
which five or six years is an old age, bats reach
quite remarkable ages. Data in Table 2 have
been extracted from the U. S. Fish and Wild-
life Service files or have been furnished by the
banders.

With the exception of one Eptesicus, all
longevity records in Table 2 were for cave
bats and represented returns at the point of
banding.

The ages tabulated above are calculated
from the date of banding, during hibernation,
so the minimum age may be from 4 to 10
months greater. Actually the bats were of un-
known age when banded.

Scant attention has been paid to the possi-
bility of recognizing bats of the year during
hibernation. Consequently it is difficult to deter-
mine the average age of groups of bats, the pro-
portion of young to adults being unknown.

One may arrive at a basis for estimating av-
erage longevity if the survival rate is known.
Eisentraut (1947) reports the annual loss among
Mpyotis myotis in Germany to amount to 409,
with striking regularity. His calculations were
based upon the number of dead bats found
throughout the year. Since his findings are com-
parable to those in this country in so many
other respects it seems reasonable to assume a
comparable mortality rate for M. [. lucifugus,
for example.

Survival rate, then, would be 609]. Nice
(1937) has calculated the theoretical age-group
composition for stable populations, basing the
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TABLE 2

LoNGEVITY RECORDS FROM BANDED BATS

Species Age Locality Bander
Record
Myotis [. lucifugus Many 10, a few 11, 12, New England Griffin
13—one 14 years Pennsylvania Mohr
M. sodalis Two—ten years Kentucky Welter
Hitchcock
M. subulatus leibii 9 years Pennsylvania Mohr
M. keenii septentrionalis 5 years Ontario Hitchcock
Pipistrellus subflavus obscurus 10 years Wisconsin Greeley-Elder
Eptesicus f. fuscus Four—9 years Ontario Hitchcock
Wisconsin Greeley-Elder

calculations on the annual survival rates and
assuming that there is no difference in death
rate among the various age groups. Adapting
the data presented by Nice in the tabular form
used by Farner (1945) the theoretical
would be as shown in Table 3.

ages

Sixty per cent survival theoretically gives an
extreme longevity of ten years. But it may well
be with bats, as Nice suggested [or the Song
Sparrow, that the survival rate rises somewhat
in the later years as the bats become more ex-
perienced. This would increase the number of
years that the last survivors would live, and ac-
count for the [raction of one per cent which
attain an age of 12 years or even more.

While not comparable to longevity records
for wild bats, maximum ages recorded for cap-
tive interest. Flower

individuals are ol some

(1931) reported that a female African collared
fruit-bat, Rousettus leachii, born in the London
Zoo, died at an age of at least 19 years, 9
months, and 25 days. Indian fruit bats, Pteropus
giganteus, do very well in European zoos, one
female living 17 years, 1 month and 26 days.
The next longest record was for Rousettus
aegyptiacus—12 years, 7 months and 29 days.
Trapido (1946) reported an extreme age of 12
years and 9 months for the vampire bat, Desmo-
dus rotundus murinus, kept in captivity at the
Gorgas Memorial Laboratory, in Panama. Two
other individuals survived for more than 10
years.

It is not surprising that the larger species of
bats have a longer life span than the smaller
species. This difference has been demonstrated
also through bird banding as well as through

TABLE 3

THEORETICAL AGE-GROUP COMPOSITION AND AVERAGE LONGEVITY

ACCORDING TO ANNUAL SURVIVAL RATES

Survival Average
rate Ist 2nd 8rd 4th 5th 6th 7¢h 8th 9th 10th 11th 12th  13th  longevity
759, 2519 14 11 8 6 4 3 2 1 1 1 4.0 years
609, 40 24 14 9 5 3 2 1 1 1 0 0 0 2.5 years
50097, 50 25 13 6 3 2 1 0 0 0 0 0 0 2.0 years
1097 60 24 10 4 1 1 0 0 0 0 0 0 0 1.7 years
25%, 719 5 10 0 0 0 0 0 0 0 0 1.3 years
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records of captive animals ol various vertebrate
groups.

5. To what extent is the sex vatio dispro-

portionate?

As reported in the first survey of Pennsyl-
vania hibernating colonies (Mohr, 1932), a pre-
ponderance of male bats was noted, sometimes
as high as 3 to l. Data from nine hibernating
colonies in caves, mines, and tunnels (Mobhr,
1945) definitely established this disproportion-
ate sex ratio. The average predominance of
male Myotis [ lucifugus was 62.39,; of Pipis-
trellus s. subflavus, 74.79%,. In the case of M. s.
leibii alone, the ratio has been almost exactly
1 : 1. One ol the few examples ol female pre-
dominance so [ar reported, was in a series of 56
Eptesicus [. fuscus in Blue Mountain Tunnel,
Pennsylvania—689, female. But a larger series,
292 Eptesicus, showed 729, male.

During the winter of 1947-1948, Hitchcock
(1950) visited 20 caves and mines, from Ontario
to West Virginia and Kentucky, including the
major known bat concentrations. He examined
4987 bats and found that the more northern
colonies had the highest proportion of males.
The explanation for the sexual unbalance ad-
vanced both by Grifin (1940b) and Eisentraut
(1947), and considered by Hitchcock is that fe-
males have a higher mortality rate than males.
Canadian returns bear out this belief, since re-
turns on females are much lower than on males.

The most complete data available, however,
from the Durham, Pennsylvania, colony, shows
that the number of female returns in each of
the following three winters was consistently 39
less than that of males. This suggests that il a
higher mortality rate does exist among [emales,
hibernating in Pennsylvania, it operates only in
the year lollowing banding. Eisentraut’s report
bears out this supposition. The number of
losses of females is far higher than males during
the first year—"nearly double the corresponding
number of males”. Eisentraut attributes the
higher mortality rate of females to the increased
perils of pregnancy and parturition, noting a
preponderance of deaths during the months of
May and June.

There is no reason to believe that the sex
ratio at birth is unbalanced. Grifiin (1940Db) ex-
amined 890 juvenile Myotis [ lucifugus in a
summer colony in Massachusetts and found 450
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males and 440 [emales. In Illinois, Cagle and
Cockrum (1943) examined 432 juveniles of this
species and reported 213 females and 219 males.

It is encouraging to note that 13 of the
banders indicate an interest in this field of in-
vestigation.

6. Can the growth of bats be charted?

Only in the South have maternity roosts
been found in caves. Northermost is Corynor-
hinus r. rafinesquii, in Virginia and West Vir-
ginia. In eastern Tennessee, Myotis grisescens
occurs in large “maternity wards”. In the South-
west, Tadarida mexicana, Myotis v. velifer, and
other species can be found at this season, but in
the North caves generally are completely de-
void of bats in summer.

Wing bands applied shortly after birth have
established the fact that Myotis [ lucifugus, for
instance, reaches [ull adult size in about four
weeks (Cagle and Cockrum, 1943). The band-
ing of juvenile bats offers one of the most prom-
ising‘ﬁelds for banding activities. Data obtained
will throw light on many an unsolved problem.
One of the most surprising discoveries was
made by Sherman (1937) who banded 76 juve-

Fig. 5. BANDED BATS in a hibernating cluster viewed from
beneath. Seven of these twelve bats were banded but sev-
eral bands are completely out of sight. Torpid, in 50 to 60
temperature, they arouse quickly when disturbed. Durham
Mine, Pennsylvania.

nile Tadarida cynocephala in Florida and
found that one of them gave birth to young
within the year. 7
7. What can be determined about life
histories?
It is a surprising fact that no one yet knows
precisely where certain species of bats spend
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half their lives. Where for instance does Myotis
sodalis spend the summer? Bat Cave, Carter
County, Kentucky, harbours 90,000 of these bats
in winter. This and other winter haunts are
empty during the summer.

Another example: At least 909 of all Myo-
tis subulatus leibii ever seen, between 800 and
900, have been found hibernating in two very
restricted cave areas, in central Pennsylvania
and in eastern Ontario, about 3825 miles apart.
The dozen or so ever found in summer have
been long distances [rom these hibernating cen-
ters. Observations by banders have indicated
that M. s. leibii and Eptesicus [. fuscus are ex-
tremely hardy and spend only the coldest part
of the winter in caves.

2 iy PR s AL AT A

Fig. 6. EQUIPMENT for banding includes screened cage with
cake mould top, and cylinder for long metal rods each con-
taining 100 partly spread aluminum bands. Here recorder
Bruce Sloane assists author Charles E. Mohr in checking
banded bats at Durham Mine.

Pipistrellus s. subflavus, on the other hand,
may begin hibernation in early September and
not emerge [rom the caves until May or June.
The pipistrelle is a solitary species widely dis-
tributed in caves. In fact, almost every cave has
a few hibernating individuals. Populations of
several hundred are being found in certain
arcas such as West Virginia. This relative
abundance hadn’t been suspected. Since this
species is very easily recognized, all spelunkers
can help by reporting the number they find in
every cave, on every Vvisit.
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Extensive studies on the life history of Cory-
norhinus rafinesquii intermedius in Calilornia
have been greatly aided by banding. Reports by
Mary Koford and Oliver Pearson are nearing
completion.

In Florida a good-sized cave colony of Myo-
tis austroriparius was reported about 20 years
ago but efforts to find it in recent years have
been unsuccessful. Several small colonies are
under observation by Indiana banders. There
are no records from any of the intervening
states.

Other promising projects already underway

include:

An investigation of the physiology of
hibernation, by James R. Beer in Minnesota.

An attempt to trace the life history of
blood parasites in banded bats, by Sherman F.
Wood, in California.

Tracing the day-to-day shifts of roving
bands of bats, by Jerome S. Miller, in Michigan.

Studies in endocrinology, and other labor-
atory investigations, by Elizabeth W. Smith in
Ohio, and Denny G. Constantine, in California.

Conclusion

With 30 active bat banders in the United
States and Canada, it is reasonable to expect
that our knowledge ol bats will steadily ad-
vance. This report should demonstrate the need

for some clearing house for information. The

monthly NSS NEWS provides a timely channel
for announcements and reports concerning the
banding of cave bats, while the BULLETIN
and the newly instituted OCCASIONAL PA-
PERS are available for completed papers on the
subject. Also, help is available for certain types
ol investigations. Scores of individual members
of the NSS are willing to cooperate in various
ways. Some NSS grottoes are in a position to
provide valuable aid to the bat bander.

Several points relative to investigations on
cave bats must be borne in mind:

1. Bands are provided by the U. S. Fish and
Wildlife Service to cooperators who give evi-
dence of being able to identify the various spe-
cies of bats and who have a definite project in
mind. The Service has suggested that better co-
ordination of bat banding activities will result
if members of the NSS who wish to become co-
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operators submit their applications either to
Dr. Hitchcock or to the author for approval.

2. Extreme care should be taken to avoid
unnecessary disturbances to hibernating colo-
nies. There is considerable evidence that a
number of bat colonies have seriously decreased
in size due to disturbances of various kinds. Al-
so there have been alarming reports of un-
warranted removal of bats from caves. Members
of the NSS are urged to do everything possible
to safeguard remaining bat populations and to
discourage the removal of any bats from hiber-
nating quarters.

3. Cooperation is asked in reporting band
numbers. The number must be read very care-
fully to make sure that it is complete. Most

numbers will have two parts, as: 48 = Report-

ing of the species and sex if known, will provide
an additional check, especially if part of the
number is obliterated. Reports should be sent
promptly to the U. S. Fish and Wildlife Service,
Washington 25, D. C. The reports will be
acknowledged and information as to the time
and place of banding will be furnished.
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Photo by Werner Cohnitz

The Tower, a magnificent stalagmite |5 feet high about 800 feet from the entrance of Guacharo Cave.
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The Guacharo Cave

By EUGENIO de BELLARD PIETRI

The amateur natuvalist is probably not unfamiliar with the guacharo, or
otl bivd, which inhabits the northern portion of the South American continent,
but knowledge of the existence of such a nocturnal cave-dwelling bivd may come
as somewhat of a surprise to the Norvth American spelunker. This account is
presented mot so much for its treatment of the guacharo as for its thrilling
record of hazardous cave exploration by an expert Venezuelan speleologist. For
his many contributions to speleological knowledge the author was recently
awarded a Certificate of Merit by the National Speleological Society.

Guacharo Cave, the largest so far discovered
in Venczucla, is located in the northern part of
Monagas ‘state, ncar the village of Caripe. Its
entrance, possibly one of the largest in the
world, is 85 feet wide by 76 fect high. The total
length of the cave has not been measured, but
the author and two friends, Juan Antonio
Tronchoni and Roberte Contreras, walked the
whole cavern, estimating it to be about 2 miles
long. It has not been possible to carry precision
instruments or appropriate measuring devices
through the narrow and dangerous “Wind
Pass”.

The cavern, as a whole, can be subdivided
into two sections: (1) the better known portion
of the cave and (2) the so called Hall of the
Wind. A characteristic of the study of the first
section is its practically straight course to the
very end of the Precious Hall, there being three
galleries in succession following almost exactly
the same axis. Thus Guacharo Cave is more of
a tunncl cave than anything else.

The first ol the above mentioned sections
has been rather accurately measured to be 3,678
[eet, and can be subdivided into 3 large por-
tions: The Guacharo Hall (also known as
Humboldts Hall), is 2,685 fect long, the Hall
of Silence is 622 feet long and the Precious Hall,
370 feet long.

The first hall is called The Guacharo Hall
because it is inhabited by the famous Guacharo
Birds (Steatornis Caripensis; Family Steator-
nithidae, Order Caprimulgiformes). This room
is more of a huge and straight gallery than a
hall in the accurate sense of the word.

Its dome, of great height, can only vaguely
be seen even with the powerful beam of a flash-
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light containing five new dry-cells. This gallery
is inhabited by thousands of birds which scream
constantly after the first light starts probing
their dark empire. The room itself has a more
or less constant width of 68 feet, varying in
height from 83 fect to 99 feet. The cavern floor
is interrupted periodically by huge rocks, thus
elevating the floor of the cave constantly. In
this section of the cavern only massive stalac-
tites can be scen; there is an absence of stalag-
mites. A very remarkable group of stalactites
are The Elephants Feet. This part of the cavern
is coursed throughout its whole length by a
river, the Guacharo River, about 4 yards wide
and one foot deep. Following the ecological
classification of Thomas C. Barr, Jr. I would
include it without hesitation (and in general
all the cave as well) in the Hydrospocle division.

s oo A
Photo by Werner Cohnitz
Fig. I. The road to Caripe, where Humboldt spent nearly a

year as his headquarters. At base of mountain a little path
leads to cave.



Ecclogically, this part of the cavern present-
ed Troglophiles and Trogloxenes. In the first
group, The Steatornithidac were the only mem-
bers found, since no Chiroptera were seen any-
where. The second group presented a zoological
individual, a white rat, and a great many plants
belonging to a few species growing from the
seceds that the Guacharo birds drop from their
perches alter eating.  Particularly noticeable
were palm sceds, some ol which must have been
gathered in remote places such as the valley of
the Orinoco River, a fantastic distance of 131
miles away. These particular palm trees have
not been identified in the surrounding forests.
The little, pale, almost colorless plants grow in
pitch darkness, and have therclore no chloro-
phyll whatsoever, attaining scarcely 18 inches in
height at the most.

The passage to the Hall ol Silence, a Hy-
drospocle, is through a short but narrow apert-
ure. This short crawlway is inhabited by hun-
dreds of crickets  (Family Gryllidac) which 1

Photo by Roberto E. Contreras

Fig. 2. The author holds one of the famous Guacharo,

or oil birds.

shall classify as Troglobious biota, since no
light ever reaches within 1,500 feet of this fis-
sure, and both their environment and anatomic-
al characteristics suggest that classification.

The Hall of Silence itsell is so-called be-
cause ofits vivid contrast with the tremendous
noise constantly kept up by the shrill screams of
the birds inhabiting the previous room. It is
622 feet long, being also traversed by the same
river mentioned before. To the left a small
opening connects it with the Precious Hall,

Photo by ‘Werner Cohnitz

Fig. 3. Precious Hall contains hundreds of these unique for-
mations which cover a low gallery at its end.
loveliest ol the first section of the cavern, and
at its very end a pool of frigid waters, Hum-
boldts Pool, marks the apparent end of this gal-
lery. This part of the cave is only 24 feet high

and 21 feet wide.

The Precious Hall is considered a Mesos-
pocle since it possesses quite a humid environ-
ment though it lacks constant water deposits or

streams. It is 370 feet long,

presenting lovely
formations of pure calcium carbonate. The
height of this hall is considerable, being in some
places necarly equal to that of the Guacharo
Hall; the width varies constantly, averaging
about 45 feet.

To the right of the hall is a pit nearly 20
fect deep, which connects this great room with
“Caribe
Vidal's Room”, also a Mesospoele. This gallery,
nearly 120 fect long, has beautiful helictites all
cver one ol the walls. T'he passage to this dream
room is quite dangerous for inexperienced ex-

a lesser known part of the cavern, the

plorers since one must climb into a narrow
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crevice at the very brink of a 26 foot pit. The
helictites are so pure that they resemble crystal
flowers more than anything else.

The sccond section of the cavern is reached
by climbing a steep boulder in the Hall of Sil-
ence just at the end of Humboldt's Pool. Being
a narrow and ugly crevice, few explorers ven-
ture farther. On the other side the river is met
again in a narrow gallery. Herc one must re-
move his equipment since two nasty passes must
be traversed, one by diving. Here it is advisable
to strip down to swimming trunks in order to
avoid all possible weight. Scharffenorth’s Pass is
rather easy, since the icy-cold water merely
reaches the spelunkers neck! Arriving at Wind
Pass we were quite shocked at its formidable,
forbidding appearance.

This crevice is so-called on account of a
steady air gush that constantly flows through its
opening, from the depths towards the mouth of
the cave. It is elipsoid in shape, presenting only

Photo by Roberto E. Contreras

Fig. 4. The forbidding approach to Wind Pass is 700 feet
from the Guacharo birds.
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a triangular opening above the water’s surface
measuring 9 inches wide and 16 inches high.
Here, before this somber gap, the frigid waters
reach the explorer’s armpits. Below the water-
line, the opening widens just enough to permit
the explorer to dive through sideways at a point
2 feet below the surface for the full 4 yards
distance of the Wind Pass. In the middle of this
pass the air gap at the water surface decreascs
to a scarce 2 inches high by 3 inches wide, thus
forcing the explorer to actually dive a treacher-
ous 12 feet where anything can happen.

We spent the most dangerous minutes in all
our  speleological getting
through such a dangerous crevice. One member
of cur party nearly drowned in attempting to
swim in a prone position in going through. As
soon as he turned he was held fast between both
walls of the pass. Sheer luck and ability in
swimming saved his life. In such a spot he was
virtually helpless and we were almost unable to
drag him from the death trap due to the very
narrowness of the fissure. Necessary equipment
was passed through in sealed auto tire inner
tubes.

explorations  in

Behind the Wind Pass a low gallery led us
to the Waterfall Room, and from there, after
a nasty climb in the Room of the Rope Stone
(a vertical shaft that requires a strong rope lift
to be traversed) we reached the Great Room of
the Hall of the Wind. An immense room, quite
a bit wider in all respects than the previous
ones of the Guacharo Hall, opened before us.
Blood red crystaline stalactites, stalagmites and
spaghetti-like  formations met our astonished
eyes. These formations glowed like frozen em-
bers as soon as the flashlight beams fell upon
them. Our Coleman gasoline lamp (500 candle
power) gave us only a poor conception of the
magnificence of this huge hall. A white rat was
seen here, to our utmost amazement.

Toward the right, Alen’s Room left us
dumbfounded: helictites, stalagmites, columns,
stalactites, all were unspeakably beautiful.
Every square yard of the floor differed from the
preceding one with lovely lace formations.

From there on, the cavern seems to shrink
into a narrow but tall gallery thousands of feet
long. Thus we arrived at the Hall of Towers,
the dangerous Pass of the Knives, the Hall of
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the Vaults and the Final Hall, so tall that all
our lights combined failed to give us a glimpse
of its dome. This part of the cavern is danger-
ous, since the river flows silently 25 feet below
and one must walk on slabs barely balanced
that constantly threaten to cause your fall into
the narrow gorge that the river through centur-
ics ol action has cut in the rocks below.

This being the end we turned back at 6:30
p-m. after a very light lunch of sausage and
bread that had been soaked in the icy waters of
the Wind Pass. The return trip was without in-
cident.

In this section of the cave, we only found
as biota a white rat (about 4,050 feet from the

Photo by Werner Cohnitz
Fig. 5. The Elephants Feet.

entrance) and
rodent (Cuniculas paca; Family Dassyproctidae,
Sub-Order Simplicidentata, Order Rodentia) is

“Lapa” tracks. The Lapa, a

an animal very similar to a beaver, minus the
tail. Both the rat and the lapa evidently come
from the mountain side, whose surface must be
quite near to the end halls of the cave through
some still undiscovered crack in the rock. Their
presence in the cave at this depth, otherwisc
would be absolutely unexplainable. Thus, these
specimens of zoological fauna must be included
as Trogloxenes, that is, accidental speleological
[auna, possibly lost. or astray in the dark cavern
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Photo by Werner Cohnitz

Fig. 6. The entrance room.

after failing to find the fissure through which
they came in.

In fairness to previous explorers we must ad-
mit that we were not the first to venturce
through the Wind Pass, but we were un-
doubtedly the first to rcach and explore the end
of the cave and the very first to photograph its
somber breathtaking magnificence.

The total exploration of the Hall of the
Winds took 16 hours, while the exploration of
the better known part of the cave a mere 6
hours. The exploration of the Hall of the
Winds was begun at 9:45 am., returning 16
hours later at 1:45 a.m. The Wind Pass was
traversed first at 10:30 a.m. and then at 12:30
a.m., after 14 hours of exploration.
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A Further Description of The Guacharo Cavern

By DR. GEORGE HARTWIG

This account of the famous Guacharo Cave was found in a book entitled
“The Subterranean World” published by Longmans, Green, and Co., in London
in 1871 and is veprinted hevewith as a companion piece to the preceding article
because it throws light on some of the earlier explorations in this cave.

In the class ol birds we find many cave-
haunting specics. The pigeons like to nestle in
grottoes, which also serve as welcome retreats
to the moping owl; and various swallows and
swilts breed chiefly in the darkness of caverns.
One ol the most remarkable of these troglodytic
birds is the Guacharo, which inhabits a large
cave in the Valley of Caripe, near the town of
Cumana, and of which an interesting account
has been given by Humboldt, who first intro-
duced it to the notice of Europe.

The Cueva del Guacharo is pierced in the
vertical profile of a rock, and the entrance is to-
wards the south, forming a noble vault eighty
feet broad and seventy-two feet high. The rock
surmounting the cavern is covered with trees
of gigantic growth, and all the luxuriant pro-
fusion of an inter-tropical vegetation. Plantain-
leaved heliconias, and wondrous orchids, the
Praga palm, and tree arums, grow along the
banks of a river that flows out of the cave, while
lianas, and a variety of creeping plants, rocked
to and fro by the wind, form elegant festoons
before its entrance. What a contrast between
this magnificently decorated portal and the
gloomy mouth ol the Surtshellir, imbedded in
the lava wildernesses of Iceland? As the cave at
first penetrates into the mountain in a straight
direction, the light of day does not disappear
for a considerable distance from the entrance,
so that visitors are able to go forward for about
four hundred and thirty feet without being
obliged to light their torches; and here, where
light begins to fail, the hoarse cries of the
nocturnal birds are heard from afar.

The guacharo is of the size of the common
fowl. Its hooked bill is wide, like that of the
goat-sucker, and furnished at the base with stiff
hairs directed forwards. The plumage, like that
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ol most nocturnal birds, is sombre brownish
grey, mixed with black stripes and large white
spots. The eyes are incapable of bearing the
light of day, and the wings are disproportion-
ately large, measuring not less than four feet
and a half from tip to tip. It quits the cavern
only at nightfall, especially when there is moon-
light; and Humboldt remarks that it is almost
the only frugivorous nocturnal bird yet known,
for it does not prey upon insects like the goat-
sucker, but feeds on very hard fruits, which its
strong hooked beak is well fitted to crack. The
horrible noise made by thousands of these birds
in the dark recesses of the cavern can be com-
pared only to the wild shrieks of the sea-mews
round a solitary bird mountain, or to the deaf-
ening uproar of the crows when assembled ir
vast flocks in the dark fir-forests of the North.
The clamour increases on advancing deeper in-
to the cave, the birds being disturbed by the
torch-light; and as those nestling in the side
avenues of the cave begin to utter their mourn-
ful cries when the first sink into silence, it
seems as il their troops were alternately com
plaining to cach other of the intruders. By fix
ing torches to the end of long poles, the Indians.
who serve as guides into the cavern, show the
nests of these birds, fifty or sixty feet above the
heads of the explorers, in funnel-shaped holes
with which the cavern roof is pierced like a
sieve.

midsummer, the
Guacharo Cavern is entered by the Indians.
Armed with poles they ransack the greater part
ol the nests, while the old birds, uttering
lamentable cries, hover over the heads of the
robbers. The young which fall down are opened
on the spot. The peritonacum is found loaded
with fat, and a layer of the same substance

Once a year, about
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reaches from the abdomen to the vent, forming
a kind of cushion between the birds’ legs. The
European nocturnal birds are meagre, as, in-
stead of feasting on fruits and oily kernels, they
live upon the scanty produce of the chase; while
in the guacharo, as in our fattened geese, the
accumulation of fat is promoted by darkness
and abundant food. At the period above
mentioned, which is known at Caripe as the
‘oil harvest,” huts are erected by the Indians
with palm leaves ncar the entrance, and even
in the very porch of the cavern. There the fat
of the young birds just killed is melted in clay
pots over a brushwood fire, and is said to be
very pure and of a good taste. Its small quantity,
however, is quite out of proportion to the num-
bers killed, as not more than 150 or 160 jars of
perfectly clear oil are collected from the massa-
cre of thousands.

The way into the interior of the cavern
leads along the banks of the small river which
flows through its dark recesses; but sometimes
large masses of stalactites obstruct the passage,
and force the visitor to wade through the wa-
ter, which is, however, not more than two [eet
deep. As far as 1,458 feet from the entrance the

cave maintains the same direction, width, and
height of sixty or seventy feet, so that it would
be difficult to find another mountain cavern of
so regular a formation. Humboldt had great
difficulty in persuading the natives to pass be-
yond the part of the cave which they usually
visit to collect the oil, as they believed its deeper
penetralia to be the abode of their ancestors’
spirits; but since the great naturalist’s visit, they
scem to have abandoned their ancient supersti-
tions, or to have acquired a greater courage in
facing the mysteries of the grotto, for, while
they would only accompany Humboldt as far
as 236 fathoms into the interior of the cave,
later travellers, such as Codazzi and Beauper-
tuis, have advanced with their guides to double
the distance, though without reaching its end.
They found that beyond the furthest point ex-
plored by Humboldt the cave loses its regular-
ity, and has its walls covered with stalactites. In
the embranchments of the grotto Codazzi found
innumerable birds. It was formerly supposed
that the guacharo was exclusively confined to
this cave; latterly, however, it has also been

found in the province of Bogota.
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The Orca Goes Underground

By PHIL C. ORR

Santa Barbara Museum of Natural History

Photos by Walter S. Chamberlin

Nowheve will one find a move fascinating account of a perfectly organized
and administered speleological expedition than in this veprint of an article frbm
Polume XXVI, No. 2 of MUSEUM TAILK, published by the Santa Barbara
Museum of Natural History. IFrontiers of speleological rescarch werve advanced
on the memorable voyage lhevein described and much credit is due to Joseph TV.
Sefton, Jr., owner of the ORCA and to the author and his companions who give
us an insight into the secrets of the caves of the Santa Barbara Channel Islands.

As the rescarch ship Orca ol the Sefton
Foundation of San Dicgo dropped anchor in
Santa Barbara Harbor the first of June, 1950, a
big four-wheel drive truck labeled “National
Speleological Society,” escorted by the Museum
jeep, pulled up at the breakwater and proceed-
ed to unload. Soon several conventional cars
arrived with more scientists and gear.

“What in the world!” wondered pcople on
the breakwater as microscopes, diving helmet,
camecras, batteries, picks and plant presses were
loaded into a skiff and ferried out to the Orca.

The Orca is dedicated by her Master, Joseph
W. Selton, Jr., to scientific research in coastal
waters from Santa Barbara to Mexico and the
writer has been fortunate to have joined her
expeditions at least once a year.

This time it was the Sefton Speleological Ex-
pedition. This expedition, the culmination of
about ten years planning on the part of the
author, was made possible by the gencrosity of
Mr. Sefton and the cooperation ol the National
Speleological Society through Ed Danchy and
Art Lange ol the.Stanford Grotto, and Walt
Chamberlin of the Southern California Grotto.
Botanist Dr. C. H. Muller, zoologist Dr. Don
Wootton and students Charles Stasek and
Charles Judson, all of Santa Barbara College,
the author and R. S. Finley, of the Museum
staff, completed the scientific crew.

Our purpose was to investigate the sea caves
of Anacapa and Santa Cruz Islands—to map
them, determine their size and to investigate
the cave life.

Caves ol the islands have been known since
1890, when Lorenzo Yates described several.
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Fig. I. Research ship Orca at West Anacapa lsland. Fore-

ground: Phil C. Orr, Curator of Geology and Anthropology
at Santa Barbara Museum of Natural History and assistant,
R. S. Finley. Dr. C. H. Muller, Botanist from Santa Barbara
College and Charles Stasek, student.
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Other writers have mentioned or described
some of them but apparently few have actually
visited them. Four caves had been recorded for
the Anacapas, but we found fifty.

Captain Kandy set a course for the west is-
land of Anacapa, then cruised in close to shore.
With Art Lange and the writer at the maps and
notes, Dick Finley and Walt Chamberlin hand-
ling color and black and white cameras and the
remainder of the crew with binoculars, we
made a preliminary survey of the west, middle
and east islands of Anacapa.

Anchoring at Fisherman’s Camp on West Is-
land we worked out with small boats and a
canoe, entering the sea caves, measuring, map-

ping, photographing, collecting minerals and

algae, and observing marine life.

The most interesting cave is on West Island.
Dr. Yates mentioned it in 1890, so we named it
Yates Cave. This huge room, hollowed out by
wave action along a fault plane, measures 200
feet across with an arched ceiling 100 feet high.
Water occupies most of the cave and a. forty-
foot boat could ride at anchor in it. At each end
is a pebble beach.

The remarkable coloring on the roof and
walls is a blending of the yellows, greens and
browns of algac and minute crystals of arago-
nite.

Sea Lion Cave, also on West Island, must be
entered by its six-foot tunnel at low tide or
during periods of no surge, for the ceiling is too
low to risk being smashed against it by a heavy
wave. The tunnel goes back a hundred I[eet,
then turns to the left.

The heavy resonance of sea lions barking
within the cave is depressing to the ear and
makes one wonder if one of these five hundred-
pounders will land in the boat. However, they
gathered on the little beach at one end of the
cave and posed for flashlight pictures and, while
some made frantic efforts to escape, none landed
in the skiff.

Keyhole Cave, which we named for its
shape, looked enticing and the author attempt-
ed twice to enter it in a canoe but waves ten to
fifteen feet high at its mouth prevented even a
peek.

Abalone Cave on Middle Island is small,
with barely room for a skiff. It is the only cave
in which we found live abalones.
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Weather, as usual on the islands, was bad..
Northwest winds kept the channel in a choppy
condition and ground swells dashed on the
rocks and completely filled the smaller caves, so
we weighed anchor and coasted along the north
shore of Santa Cruz Island from, San Pedro
Point, on the east end, to West Point.

More than a hundred caves were located in
this distance. After a hazardous attempt off
Coche Point to investigate caves in what looked
like a sheltered spot, we anchored in Pelican
Bay where a shore party collected plants, lizards,
mollusks and minerals. Another small party in
a boat investigated Algae Cave, a small cave in
a protected cove. Its walls and ceiling were
coated with a brilliant red algae, a species of

Fig. 2. In Yates Cave, West Anacapa Island.

Rhodochorton first known from McKinnon’s
Tomb in Scotland and found in Finley Cave
last year by the Museum’s San Miguel Island
Expedition. We found this algae again later in
Babys Cave and Sponge q2i\’€.

High winds prevented us from making in-
vestigations of any but the more sheltered caves,
so while the Orca went off on a porpoise hunt,
the speleologists went ashore at Ladys Harbor
which, with its companion, Babys Harbor, form
one of the nicest spots to be found on the is-
lands. The deep blue waters of the two harbors
meet the beach where a steep rocky canyon
comes from the hills. A running stream is
banked with ferns and mosses and the little is-
land tree [rogs play in the pools.

Babys Cave is located on the point of rock
scparating the two harbors and can only be
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entered by boat. T'he ceiling is covered with red
algae and the water within the cave is indirectly
lighted by hidden underwater passages to the
outside, so that the water along the edges of the
rock gives off a solt greenish glow.

Sponge Cave, to the west ol this, is entered
through an opcning just large enough to take
a skifl. T'he rool is supported by pillars and our
boat floated in the narrow passage, going into
total darkness for a hundred fect and then the
light of our flashes no longer rcached the walls.
We scemed in the middle of nowhere, until our
cyes became accustomed to the dim light and
we saw a large room with another larger passage
leading back into the mountain.

With our flashlights we could sec the bottom
ol this passage four to twenty feet below us
through the crystal-clear water and the rocks
were covered  with brilliant white objects of
many sizes. Wondering what they were, we tried
probing with an oar until Dick Finley went
overboard to wade in the cold water, hoping a
moray ecl wouldn't come out of a crevice. He
brought up small white sponges that live here
by the thousands in darkness.

This cave is about 350 fect long, up to 50
feet wide and, like Babys Cave, is coated with
red algac. Dceep inside is a small beach where
we collected barnacles and mollusks.

“I'res Bocas at Valdez is one that has been
visited by many pcople, for the best landing to
the canyon is made through this four hundred-
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foot cave. Boats can be beached in one mouth,
which is about forty feet wide, and then you
can walk dry shod through another entrance
into the canyon.

Nearby is a dry gulch which is concealed
from land and sca, but which opens only
through a short tunnel—just the place for
small boys to play pirate and for big ones to be
speleologists.

SANTA BARBARA CHANNEL

Sponge Cave

Santa Cruz Island

O = ceiling hcight
from water (fect)

adapted from sketch by /
A. L. Lange
SGONSS



The Occurrence of Quartz Stalactites m
The Rock Creek District of Douglas County, Oregon

By ROBERT HOUSLEY
Freshman, Reed College '

Research in the field of cave minerals needs the attention of all who can
throw light on the relationships that exist in the building up of the varied
formations. One little detail may not seem important but, added to many other
little details, each idea contributes toward the solution of the most baffling
problem. A glimpse into the complexity of some of these problems is given in
this article so ably written by a young high school student who, because of his
obuvious ability, is a member of the Committee on Formations and Mineralogy

of the National Speleological Society.

INTRODUCTION

Well-formed quartz stalactites have recently
been found at four localities in the Rock Creek
District of Douglas County, Oregon. These four
localities; the Lone Rock quarry, the Rock
Creek quarry, a gravel pit near Rock Creek, and
a cut along the new North Umpqua Highway
are shown on the accompanying map. They
have all been exposed recently by logging and
road building activities. The region is fairly
mountainous and heavily timbered. The rock is
of an igneous nature and overlies the Umpqua
Formation sediments of the Eocene period.

DESCRIPTION OF LOCALITIES

Locality number one, the Lone Rock quarry,
is in columnar diabase immediately above the
Umpquz{ Formation. With the exception of a
large vein of calcite with a little associated py-
rite all the minerals occurred in gas formed
cavities up to about 10 cm. in diameter. There
were few of these cavities and the only minerals
found in them were quartz and calcite.

The one quartz stalactite found here was 3.5
cm. in diameter and 4.6 cm. long. It is broken
off at both ends and was found loose. It is made
up of a 5 mm. chalcedony center surrounded by
quartz crystals approximately 1.5 cm. long. In
the middle of this chalcedony center is an area
I mm. in diameter which is softer and less
transluscent than the rest of the chalcedony.

Locality number two, the Rock Creek quar-
ry, is located in diabase similar to that of the
Lone Rock quarry except that it is not colum-
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nar. Here the minerals are found in gas formed
cavities up to about 50 x 30 x 8 cm. in size.
These cavities were all lined originally with
chalcedony, quartz, or calcite, which did not
follow any order of deposition. In some cases
calcite formed first followed by chalcedony and
druzy quartz, while in other cases chalcedony
formed first followed by druzy quartz and cal-
cite. The last minerals to form were the zeolites,
laumontite, heulandite, and stilbite. Of these,
laumontite is the most common, forming crys-
tals up to 1.5 cm. long in many of the cavities,
while only a few small crystals each have been
found of heulandite and stilbite.

Three cavities containing quartz stalactites
and one loose stalactite group have been found
here. The whole top of the largest cavity, which
measured about 50 x 30 x 8 cm., was covered
with stalactites up to 6 cm. in length. Many of
these stalactites were speckled with small lau-
montite crystals. On the bottom of the cavity
were several calcite crystals, some coated with
quartz, others not. There were no stalagmites—
at least none sufficiently developed to be differ-
entiated from normal surface irregularity. How-
ever, there was what appeared to be several sta-
lactites that had broken off the top, cemented
haphazardly onto the bottom.

The average diameter of these single stalac-
tites is from 2 to 4 mm.; however, many of
them formed together in sheets which are be-
tween 1 and 2 cm. wide. The single stalactites
are made up almost entirely of druzy quartz,
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which radiates outward from the center. In
some of the single stalactites, a hollow chalce-
dony center was visible under 20x magnifica-
tion; in others none was seen. The stalactitic
sheets seemed to be made up of single stalac-
tites joined together by a thin sheet of chalce-

up to about 90 degrees. Several have branches
at approximately 90 degrec angles; then these
branches in turn have stalactites hanging from
them. There are other stalactites that have
forks out at acute angles, and some that split so
that both forks are acute to perpendicular.
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@ The Bock Cecex Quarey
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HicHway

— BbAD
————— TeAn

~—/ Mg —

North

N

~
@

Fig. I. Map of Rock Creek District of Douglas County, Oregon.

dony coated with druzy quartz. In some cases
this sheet of chalcedony is indistinct or possibly
absent, and the stalactites appear to be joined
only by druzy quartz.

An interesting characteristic of these stalac-
tites is their tendency toward turning and
branching. Many of them have curves ranging

BuLLeTIN NUMBER 14, SEPTEMBER, 1952

The next largest cavity containing quartz
stalactites found at the Rock Creek quarry was
about 8 x 8 x 5 cm. It contained stalactites that
are approximately 6 mm. in diameter and 2 cm.
long. These stalactites hang vertically with no
tendency toward abnormal growth. They are
made up of druzy quartz crystals radiating from
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a center that is just visible in a few specimens
under 20x magnification.

The smallest
found here was about 5 x 5 x 3 cm. in size. The

stalactite-containing  cavity
stalactites found in it are approximately 2mm.
in diameter and 1 cm. long. They consist of a
hollow chalcedony shell covered with radiating
quartz crystals. This chalcedony shell is ap-
proximately 0.125 mm. thick, and the hollow
center is about 0.25 mm. in diameter. Most of
these stalactites hang straight down; however, a

few have sharp curves near the end, and several
are growing out at angles from the sides. There
were also two stalagmites growing up from the
bottom. These stalagmites scem to be identical
with the stalactites, including the hollow center
surrounded by the chalcedony shell. One of

Photo by William ]J. Foster

Fig. 2. Single quartz stalactite from the gravel pit near
Rock Creek.
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Photo by William J. Foster

Fig. 3. Single stalactite showing curve: from the

Rock Creek Quarry.

them even has a short projection out at a right
angle.

In a small corner of the cavity was a space
approximately 0.5 square cm. in arca where the
stalactites consisted only ol the hollow chalce-
dony shell without the coating ol druzy quartz.
These stalactite shells are approximately 0.5
mm. in diameter and 5 mm. long. Some ol them
show curves identical with the curves shown by
the normal stalactites in the cavity.

The loose stalactite group found here is
about 18 x 15 x 8 cm. in size. It consists of pale
blue stalactites approximately 8 mm. in di-
ameter ol a soft dark material surrounded by a
2 to 3 mm. layer of chalcedony and druzy
quartz. On top of this has been deposited  a
heavy coating of laumontite. Many of these
stalactites are grown together in sheets, and a
few of them have long, smooth curves. The
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stalactites in the sheets are joined by a thin
layer of dark material coated with chalcedony
and druzy quartz.

The third locality, a gravel pit near Rock
Creck, is in a layer of loose rock and clay left by
the original rock decaying in place. The ma-
terial has shifted so little that most of the picces
ol a broken geode will be found close together.

Minecrals found here include agates, jasper,
quartz crystals, amethyst, and opalescent quartz
crystals. This opalescent quartz is a pale bluc
color with some specimens showing a [aint play
ol colors. The play of colors is caused by inter-
nal flaws, while the opalescence is thought to be
due to systematically arranged inclusions.

The four single quartz stalactites and the
one stalactite group found here all scem to have
formed in large quartz geodes. From the casts
left, it is obvious that calcite also formed in
these geodes; however, it is all weathered out
now. The largest ol the single stalactites is 12.5
cm. in diameter and 18 cm. long. It has a hole
8 cm. in diameter and 17 cm. long ‘in the cen-
ter. On once side ol this hole, the smooth faces
of a negative quartz crystal extend for most ol
its length. The other sides are rough.

The second largest stalactite from here is
very similar to the first. It is 6 cm. in diameter
and 7 cm. long. It contains an irregular central
cavity 1.5 cm. in diameter and 6 cm. long.

The third largest stalactite is 2.7 cm. in
diameter and 6.5 cm. long. It has a negative
quartz crystal (hole the shape of a quartz crys-
tal) 9 mm. wide and 5.7 cm. long in the center.
On one side of the negative quartz crystal and
scparated from it by a thin layer of chalcedony
are the impressions lelt by some weathered out
calcite crystals. Surrounding the negative quartz
crystal and the calcite impressions is another
layer of chalcedony followed by druzy quartz.

The remaining single stalactite {from this lo-
cality is approximately 2 cm. in diameter and
I cm. long. It contains an internal cavity 1.5
cm. in diameter and 3.5 cm. long, which is com-
pletely lined with calcite impressions.

The one stalactite group from here is a pale
amethyst color. It consists of stalactites between
2 and 3 mm. in diameter and from 2 to $ cm.
long. These stalactites are composed almost en-
tirely of radiating druzy quartz.

The fourth locality, a roadcut on the North
Umpqua Highway near Rock Creek, is also in
diabase. The only minerals that have been
found here are quartz and calcite.

Photo by William |. Foster

Fig. 4. Group of quartz stalactites from the largest cavity
at the Rock Creek Quarry.
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Photo by L. B. Hicks

Fig. 5. Large single quartz stalactite from the gravel pit
near Rock Creek.
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where the tube was partly scaled off by thin
lavers of chalcedony.

Of the four localitics described, it is possible
that more stalactites will be found at the Rock
Creek quarry, and at the gravel pit near Rock
Creek. The Lone Rock quarry js abandoned,
and of course, no more work will be done at the
road cut.

HYPOTHESIS OF FORMATION

Any satsfactory hypothesis of formation of
these stalactites will have to explain the follow-
ing points: the visible hollow center in some of
the stalactites, the fairly sharp curves which
many of them exhibit, the stalactite-like forma-
tions that grew out from the walls or up from
the bottom of the cavity, the long, smooth
curves in the stalactites of one group, the stalac-
uites thar grew together in sheets. the forked
stalactites. the restrictions in the center of the
stalactites in agate. and the negative quartz crys-
tals in the cenier of two of the large stalactites.
It will also “have to explain how they were
lormed in these small cavities deep in the earth
and why one cavity will contain quartz stalac-
tites, while ene within two feet of 1t will not.

The cxplanation that the quartz stalactites
were built up by the precipitation of crystallime
quartz or chalcedony around the orifices where
solution entered the cavity fulfills most of these
requirements. It necessitates an original cemtral
cavity in all of the stalactites. This cavity could
remain open or could later be filled with quartz
or some other material.

With this hypothesis, it can readily be seem
how  stalactite-like formations could grow ouwt
from the sides or up from the bottom of the
cavity. The tendency for stalactites from two of
the cavities to form in sheets can possibly be ex-
plaimed as being caused by small oradks or
weaknesses in the yoof of those cavities whene
solution couwld enter move easily. The nesiric-
tioms in the cenwal cavity of the stalactite em-
closed in agate probably represent times whem
uhis cenral cavity was partdy sealed off. Ob-
structions of a similar navwe in the central cavi-
tiies of other stalactites could have deflected the
flow of solution in such a way as 0 accoumt for
the few that ave forked and for the mumerows
cunved ones.
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It iv obvious that whether the original stalac-
tite wirs large or siall and whether it was com-
posed completely of crystalline quartz or partly
ol chaleedony, were dependent on the physical
and chemical nature of the solution from which
it was derived and on the size ol the orifice
through which the solution entered. It is quite
likely, however, in the case ol the larger stalac-
tites, that additional material was deposited on
the original,

The main weaknesses ol this hypothesis arc
its inability to explain the negative quartz crys-

tals found in two stalactites and its inability to
explain the long smooth curves in the stalactites
of the one group.
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LIST OF GROTTOES

Wherever sufficient interest in speleologi-
cal activity exists members of the National
Speleological Society are encouraged to form
regional organizations or “grottoes”.
These regions and local units generally select
their own officers, organize and conduct field

local

REGIONS 8. Cleveland
Betty A. Yoe,
28923 Westwood Road,
Bay Village, Ohio
Colorado
John V. Thrailkill,
1611 Quebec St.,
Denver 7, Colo.

1. Northeastern Region
Roger C. Dorn,
23 Linden Ave., 9
Oneonta, N. Y. o
2. Virginia Region
Col. Robert P. Carroll,
305 Letcher Ave.,

. ; 10. Cornell
Lexington, Va. Richard E. Kenyon,
- v TTORS 14 Hazel St.,
CIROTROES Onconta. N. Y.
1. Atlanta 11. Dartmouth
Homer Blincoe, 21 Robinson Hall,
Box 1052, Hanover, N. H.
Emory University, Ga. 12, Duke
* 2. Baltimore Jack Gibbons,
Gordon P. Gravenhorst, Physics  Deparument.
1306 Shore Road, Duke University,
Essex 21, Md. Durham, N. C.
3. Boston 13, Elkins
Thomas C. Barr, Robert Lute,
F53 Dunster House, 210 Center St
Cambridge, Mass. Elkins, W. Va.
4. Cascade 1L Enterprise Dilettante
Peter M, McLellan, Speleology
2206 Crescent Drive, 155 Elm St
Seattle 2, Wash, Kearny, No .
5. Cazenovia 15, Indiana
Stella Iy Pievee, George Jackson,
29 Nelson St Box 111, R, 5,
Cazenovin, N, Y, Hillsdale Road,
6. Charleston Evansville, Ind,
Sarah MceGrill, 16, fowa

706 Fovest Civele,

South Charleston. W, \a,
7. Charlottesville

David 1, Cumberland, 17,

Linwood House Hotel,

Box 47,

Colonial Beach, Va,

Dorothy M. Newflang.
613 lowa Ave,,

Towa City, lowa
Lexington

AL ML Pettyjohn, Jr,
Box 407,

Lynchbug, Va
38,
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18.

19.

20.

00

24

Salt Lake, Dy Wine, Ro Halliday, 180 Wh Ave,, Salte Lake Ciy
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trips, carry on research projects or otherwise
implement the efforts of the parent body. A
list of such regions and local grottoes, with
the names and addresses of persons to contact
for information, follows:

Metropolitan, N. Y. 28. Sierra
Ida V. Sawtelle, Ethelyn Fusselle,
1030 83rd St., 2506 Leavenworth,
Brooklyn 28, N. Y. San Francisco, Calif.
Morgantown 29. Southern California

J. J. Eichenmuller,
P. O. Box 319,
Morgantown, W. Va.

Richard Logan,
2801 Virginia St.,
Santa Monica, Calif.

Natty Bumpo 30. Stanford
Clifford N. Forman, Jr., School of Mineral
Richfield Springs, N. Y. Sciences,

New England Stanford, Calif.
LeRoy Foote, 31. Tarevac
R.D. 1, T. L. Carr,
Middlebury, Conn. 202 Taylor St.,

Nittany Cannelton, Ind.
William Devitt III, 32. Tri-County

Charles Hanor,

84 Elm St.,
Oneonta, N. Y.
Twin City

David S. Gebhard,
1665 Montreal Ave.,
St. Paul 5, Minn.

Sigma Alpha Epsilon,
State College, Pa.

Northern New Jersey
Howard N. Sloane, 33.
181 Wildwood Ave.,

Upper Montclair, N. J.

l’ll"ndc‘lphid
Mary F. Pearsall, 34, University of Texas._
2126 Walnut St., Box 1625,
Philadelphia 3, Pa. University Station,
. Austin, Texas
Pitisburgh o o
Rohert Dunn, 35. 'S'P‘ I\'I King
R, 2, Shq Rd., am: Ay ’
s Lmnun . Box 4944 Va. Tech. Sta.,
Verona, Pa.
Blacksburg, Va.
Rensselaer 36. Washington, D. C.
Edward J. Stofka, Elaine Higgins,
No. 6 Peoples Dr. E., 1233 37th St.. N.W.,
,‘Ff"f‘“"\'v ]';‘,"'““' Washington, D. C.
roy. I X 87. Wytheville

Elizabeth Sabatinos,
102 Faculty St.,
Blacksburg, Va.

Richmond

Betty Loyd,

R.D. 2, Waynesboro, Va.
. Utah.
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The Origin of the Palettes, Lehman Caves
National Monument, Baker, Nevada

By CHARLES ]J. KUNDERT

Mining Geologist, California State Division of Mines

Photos by National Park Service

The unusual and rather striking cave formations known as palettes appar-
ently exist, in quantity at least, in only two known localities, i.e., in Grand
Caverns at Grottoes, Virginia, and at Lehman Caves National Monument at
Baker, Nevada. The author of this article, after an extensive study of the
Nevada palette formations, presents herewith a scholarly hypothesis to explain

their origin.

Lehman Caves National Monument is lo-
cated on the castern flank of Wheeler Peak
(Elev. 13,060 feet, second highest mountain in
Nevada) in the Snake Range of eastern centrai
Nevada near the Utah border. The caves are in
castward dipping middle Cambrian limestone.
Underlying the limestone are well bedded
quartzites of lower Cambrian and perhaps pre-
Cambrian age. Granite of unknown age has in-
truded the sediments along the limestone-

EZ MiooLe Camsrian LimESTONE
E3 GeaniTe
Lower CamBRIAN QuARTZITE

Fig. |. Sketch section through Wheeler Peak.

quartzite contact. The last datable geologic
event took place during the Pleistocene when
glaciers cut deeply into the flanks of Wheeler
Peak. Magnificent cirques and large U-shaped
valleys are primary cvidences of past glaciation.
The excessive moisture conditions of the Pleis-
tocene probably initiated the cavern develop-
ment.

I.chman Caves National Monument is note-
worthy for the palette type formation which, to
the author’s knowledge, is unique except for a
much larger similar type found in the Grand
Caverns at Grottoes, Virginia. The palettes are
most commonly circular in shape, range in di-
ameter from 6 inches to 5 feet, and vary in
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thickness [from 14 inch to approximately 1
inch. They arc usually tilted at an angle, and
are frequently fastened to the wall. Some of the
palettes are completely free from the surround-
ing rock and stand away from the floor by
means of a dripstone base. Later dripstone com-
monly obscures a portion of the palette, often
that part attached to the wall rock.

The palettes appear to be dripstone fillings
along joints with the wall rock later being dis-
solved away leaving the palette jutting forth.
In support of this theory of development along
joint planes, it will be demonstrated that the
palettes do exhibit continuity with the joint
pattern.

The accompanying map locates approxi-
mately 215 joints and palettes. It is divided into
convenient units which will be dealt with in-
dividually. Only joints with at least two [eet of
exposed length were mapped. This size limita-
tion was necessary because of locally abundant
joints in highly shattered areas where the occur-
ance ol an unfractured picce of limestone more
than a few inches across was a rarity. Other
arcas of country rock, measured in feet, were
relatively [ree from fractures. In the following
tabulation of joints and palettes, the latter are
followed by a letter. Palettes attached to or in
close proximity with highly fractured country
rock are succceded by a capital F. Palettes with
obscured country rock arcas are followed by a
capital D to indicate a dripstone cover. In each
unit the joints and palettes are loosely grouped
according to their attitudes (strike followed by
the dip if available).
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Fig. 2. Mep showing location of approximately 215 joints and palettes in Lehman Cave.

TABULATION OF JOINTS AND PALETTES

Unit 2—
NG63E
N63E
NGYE
N70E
NG6OE
NGHE

NS
NI10E
NIOE
NS
NS
N83W
N83W
NSOW
N78W
N74W

N48W
NHOW
NHSW

NS8SE
N87W
NSSE

58N

48N

steepW
45E

55N
58N
th_‘
S
40N
19N

47N

N72W
N71W
D N68W
N65W

N8OE
N78E
NS85E
N75E
N75E

N8W
NIGE

N22w
N4OW

OO OmSOmmm o

Unit 5—
NS8SW
| NS6W
N87W
N8HW

oo
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N67E
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N35E 498 F N48E N10W
N20W N48E N1OW
Unit 4— NI12W N48E NIOW
N3OW NbHIE N3wW
N25W 52N N5W |
N28W ' NGSE NG6IE
N26W 46N F Unit 6— NG6OE NGHE
N23W 41N F N77W 52N N7I1E
N24W 48S N82W NI18W
N20W N78W N82wW NI18W
N87W N8IW N12W
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Fig. 3. Views of palettes, with later deposits of dripstone.
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An examination of the map and a study of
the grouped data demonstrates an accordance
between the palettes and joints except perhaps
for Unit 2. The discrepancy in Unit 2 is prob-
ably due to lack of exposed joints. A thick drip-
stone cover obscures all but a few major joints.

Forty-six palettes were mapped and of that
number 18 were obscured by dripstone and 28
were found with highly fractured country rock.
The apparent restriction of palettes to areas of
shattered country rock indicates that the rock
has been rendered more soluble because of the
fracturing and that the shattered zone per-
mitted percolating water to move [reely thus
avoiding further control by master cracks after
the master cracks had been at least partially
obliterated by dripstone.

Suggested history of a palette

1. The limestone was subjected to pressure
developing numerous joints.

2. Locally the rock became shattered with
numerous small joints in addition to master
joints.

3. During the initial period of deposition of
the cave cycle, the cracks were partially or per-
haps completely filled (future palcttes), i.e. the
master cracks because they would govern the
flow of the lime rich solutions.

4. In the shattered arcas a later period of
dissolving solutions percolated through the
minor cracks and only slightly disturbed the
sealed master joints.

5. Gradually the rock around the filled mas-
ter cracks (future palettes) was removed. The
rounded forms of the palettes are probably due
to attack of a lesser degree by the percolating
waters.

Dripstone is more soluble than country
rock, thus if secondary passages were not avail-
able in the country rock for percolating solu-
tions, the dripstone material (future palettes)
filling the master joints would probably be re-
dissolved. A lack ol palettes in other limestone
caves may be due to paucity of shattered areas
ol country rock.
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Fig. 4. Dripstone obscured example of palette jutting forth

from wall in Lehman Cave.

Fig. 5. The Parachute in Lehman Cave; a beautiful example
of a palette standing free from the wall.



The Caves of Malta

By T. R. SHAW
Royal Navy

All photos by the author

Unlike Gibraltar and Majorca, Malta cannot be regarded as one of the
main cave areas of the Mediterranean. It does have a speleological history, how-
ever, in which stories associating its caves with the myth of the Cyclops and of
the nymph Calypso are intermingled with the fact of the shipwreck on that
Island of the Apostle Paul. The author ably describes a number of the caves
located on both the island of Malta and its adjoining island of Gozo, some of
which were supposedly used by all three of the above mentioned personages.

Malta cannot be regarded as one of the main
cave areas of the Mediterranecan, to the same
extent as Gibraltar and Majorca. Nevertheless
there are a number of caves in the island; fifteen
can still be located definitely, and it appears
from the older books that at one-time as many
as_thirty-eight were known. A few of these are
known to have been quarried away; others may
have collapsed, and it is possible that different
writers may have described individual caves un-
der several names.

The caves were first mentioned in 1647 by
F. F. Abela in his book “Della Descrittione di
Malta”. No particular cave is named but the
author speaks of the discovery in the hollows
and fissures of the rock of enormous bones,
which were regarded at that time as remains of
the Cyclops, an ancient race of giants supposed
formerly to have lived in Sicily: “But lastly
what further testimony can we desire of the
habitation here of the Cyclops, without the nced
of borrowing f[rom the ancient scriptureé, in-
volved in the obscurity of time, than that given
us by the gigantic bones found in Malta, and
their hollow burial-places cut in the living
rock . ..” ’

The first book to contain a general account
of several of the caves was written more than a
hundred years later by G. F. Abela, and pub-
lished as two folio volumes in 1772, under the
title of “Malta Illustrata”. It includes descrip-
tions of twelve caves, but several of them are
small sea-caves and of very little interest.

Then in 1804 several cave references appear-
ed in a history written in English by one of the
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Knights of Malta, Louis de Boisgelin de Kerdu.
This book, “Ancient and Modern Malta”, was
followed in 1840 by Miege’s “Histoire de Malte”
which contained considerably more information
than its predecessors. Since that date numerous
guide-books and small histories have appeared,
but they contain very little that had not been
written before.

In general the caves are small by comparison
with European or American standards, and to
some extent this can be attributed to the water-
less state of the island. Between May and Sep-
tember no rain falls at all, and in winter the
water sinks almost immediately into the porous
limestone. At the present time no permanent
rivers or strecams exist, though the formation of
the gorge-like valleys which intersect the island
in all directions is often attributed to a period
of greater rainfall in the past. The caves them-
selves appear mostly to have been formed by
phreatic action when the land lay very much
lower relative to the water table.

Fig. |. Ghar Hassan, Malta; East Chamber.
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Fig. 2. Ghar Hassan, Malta; Roof channel in East Chamber. -

The largest cave in Malta is Hassan's Cave
or, as the natives call it, “Ghar Hassan” (‘Ghar’
being the Maltese word for a cave). The ent-
rance lies in a high sea-cliff of Oligocene coral-
line limestone ncar the south-cast corner of the
island, a few hundred yards from the Royal
Naval Air Station at Hal Far. The level of the
cave is over a hundred feet above the sea, and
it is rcached from the ground above by a ledge
along the cliff face. There are in fact two other
entrances further east along the same cliff, but
they are quite inaccessible from outside and one
has been railed oft for safety by the authorities.

The total passage length amounts to 1270
feet, the general shape of the cave being a
rectangular  network as shown in the ac
companying plan. A broad passage extends from
the main entrance and after a few yards it is
crossed by another at right angles. To the right
the tunnel runs parallel to the cliff face and
cmerges eventually at the second and  third
entrances. By the larger of these there is a low
chamber some 40 feet by 30 feet, lit entirely by
daylight (sec fig. 1), and from the back there
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extends another passage nearly parallel to the
first and interconnected with it in several places.

Beyond the crossroads the entrance tunnel
narrows considerably, then turns right into a
rift passage as far as the final chamber. A small
circular tube continues for some 16 feet and
then that too closes.

LEvidence of phreatic solution is clear all
through the cave. Maximum width occurs every-
where at the principal bedding plane which per-
sists throughout the whole cave, usually a foot
or so above the floor. Most of the joint planes
are open for some distance above the passages,
and in many places semi-circular channels can
be seen meandering across the otherwise flat
roof. One ol these roof channels in the chamber
by the ecast entrance is shown in fig. 2.

The name Hassan’s Cave is derived from the
legend that the cave was used as a refuge by an
Arab of that name when his countrymen were
expelled from the island. A small circular
chamber has been excavated by hand near the
castern entrance and is shown as Hassan’s actual
dwelling. He is said to have kept a small boat
at the foot of the cliffs, a hundred odd feet be-
low, and his only means of reaching it was by
swarming up and down the face on a vertical
rope.

No prehistoric bones have been recorded
[rom Hassan’s Cave, but about 1865 several trial
trenches were dug by Leith Adams, a zoologist
who was serving as a doctor with the garrison.
He tells an amusing story of the Maltese people
who used to stand watching the excavations and
trying to make out their purpose. One after-
noon he surreptitiously dropped a Spanish dol-
lar on the shovelful of earth, and next moment

Fig. 3. Ghar Hassan, Malta; Excavating floor sections.
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it lay with the soil on the heap. He picked it up
quite casually and put it in his pocket, and soon
the spectators, whispering to cach other, walked
off. Next day when Leith Adams returned, he
found that not only had his own trench been
continued down a further four feet, but that
several other excellent floor sections had been
made by them in the hope of finding money!
Ghar Hassan is the only cave in Malta in
which I was able to find bats. A number ol
them used to frequent an inaccessible fissure not
far from the main entrance, and though they
used to squeak lustily at every approach I could
never get close enough to identify them. In an-
other part of the cave, however, I handled a
number of Myotis myotis (Bechstein)—the bat

carthed there. This cave also is situated in the
south-eastern corner of the island, 600 yards
from Birzebuggia and the shores of Marsa Xlok.
The entrance has been gated by the government
Museum Department, which has built a house
above to contain some of the relics and provides
a guide to show visitors round the cave.

The first 250 feet consists of a straight pas-
sage at right angles to the valley outside, some
20 feet wide and varying in height from 12 to
27 feet. It is in this section that the remains
have been discovered and the floor consists of a
mass ol trenches of different depths running in-
to cach other and flanked by complete sections
of fill lelt as controls. At one point is a strange
mushroom-like stalagmite whose upper half

Fig. 4. Ghar Dalam, Malta; showing excavations for bones.

referred to by Casteret as a Murin—and on one
wall were sets of quintuple scratches where their
claws had perhaps slipped in their attempts to
alight.

Another of the larger caves, Ghar Dalam, is
frequently mentioned in the literature, on ac-
count of the enormous masses of prehistoric an-
imal bones and pottery that have been un-
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continued to increase in size after the bottom
was protected by the earth.

The bone deposits were first noticed in
1865, but the first large scale excavations were
not made until 1892 (Cooke, 1894). More work
was done during the first World War and in
several of the succeeding years, and in 1917 con-
siderable interest was aroused by the discovery
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of what were thought to be two molar teeth of
Neanderthal Man. No other human remains
carlier than the Neolithic period have ever been
found in the islands, and the identification of
these teeth has not been universally accepted.

Beyond the ossiferous section of the cave,
the passages become much smaller and a num-
ber of narrow tunnels branch off in different
directions. The continuation of the main ent-
rance passage is almost blocked by a line of im-
mense boulders fallen from the roof, but it is
possible to scramble over these and down the
other side to a low bedding chamber whose roof
is intersected by some meandering rool chan-
nels, like miniature editions of those in Has-
san’s Cave.

On the opposite side of the valley and in
line with Ghar Dalam is a wide cave entrance,
but the passage beyond is totally blocked with
earth. It has been suggested that the two caves
were formed as a continuous passage beneath
the water table at a time before the valley bot-
tom reachced its present level or perhaps before
it existed at all. Then as the channel was cut-
ting downwards it eventually broke through the
top of the cave passage which then acted as a
collector for all the bones and rubbish being
swept down by the river.

The little cave at the junction of Wied
Hanzir and Wied il Kebir, in the centre of
Malta, is very different to the two preceeding
ones. It is quite small, not more than 76 [ect
long, and at lcast part of it has been excavated
by hand in the soft rock. The entrance lies a
few feet above the valley bottom and has been
shaped into a rectangular doorway 7 feet wide
by 5 feet high. Inside, it opens into a chamber
48 feet by-27. It is highest in the centre where
a fissure in the roof appears to be natural, but
the walls have been cut back artificially, and
both sides have been decorated by vertical ribs
a littde less than a foot wide and separated by
recesses of about the same size. At the farther
end of the chamber the pick marks on the walls
cease and a natural passage continues for 28
feet before being completely blocked by a
boulder choke.

I have not been able to find any reliable
description of the cave, but a short article by
the Rev. J. Farrugia appeared a few years ago
in the Times of Malta. He supposed that the
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Fig. 5. Wied Hanzir Cave, Malta; Main Chamber showing

ribs and incised star.

large boulder just outside the cave and half
blocking the entrance indicated that it was in-
habited at one time by prehistoric man. The
decorative ribs and other markings on the walls
he thought were added later when primitive
Christians used the cave as a church. One of
these wall markings can be secen in the photo-
graph (fig. 5.), a five-pointed star incised on one
of the ribs; and near the entrance there are a
large number of small crosses cut similarly in
the rock.

Another of the more interesting caves in
Malta is completely artificial—St. Paul’s Grotto,
where the Apostle is said to have lived for three
months after his shipwreck on the island. A
church has been built over the grotto, in Citta
Vecchia, and a statue in white marble placed in
the cave itsell. The rock of the walls is a soft
limestone and the miraculous property has been
attributed to it of growing again wherever the
stone is cut away. And as this new rock was sup-
posed to be supplied by St. Paul it was in great
demand, being valued as a curce for fevers and
all kinds of snake-bite. At one time this stone,
known as “pietra della grazia”, used to be sent
out not only all over Europe but as far as India
and the East.

Also in and around Citth Vecchia there are
several series of catacombs, but they arc outside
the scope of this article.

The smaller of the Maltese Islands is called
Gozo and lies about four miles to the north-west
ol Malta itself. It contains several small caves
in the Miocene coralline limestone, one of great
antiquity and the others discovered within the
last century.

NATIONAL SPELEOLOGICAL SOCIETY



Overlooking . Ramla Bay on the north coast
of Gozo is Calypso’s Cave. It is reputed to be
the very same cave as was occupied by the
nymph Calypso in the fifth book of Homer’s
Odyssey. The entrance is low, however, and not
very easy of access, and the interior of the cave
consists of a series of low crawlways between
shattered chambers floored with angular [rag-
ments ol rock. It certainly cannot be imagined
as the home of a selfrespecting nymph, al-
though several of the early writers, who had
possibly never visited the place, repeated the
legend without comment. Sir Walter Scott, who
passed near the cave on his way to Malta shortly
before his death, was by no means compliment-
ary when he described it in his diary.

Two of the Gozo caves are found within a
few hundred fect of each other in the village of
Xaghra, and both were broken into accidentally
when the villagers were sinking wells.

The first, discovered in 1888, is known as the
Ta Ninu Cave [rom the local name of the prop-
erty, and lies a little to the west of the parish
church. The cave consists of only two chambers
reached by a flight of steps from the yard above,
but it is well furnished with stalactites. The
roof is studded with straws, many of them now
broken, and in places it is joined to the floor
by stalagmite columns several inches thick.

The other cave in Xaghra is called Xerri's
Cave. It was discovered in 1924, and the name
of the cave is now displayed over the door of
the owner’s house. A set of regulations is hung
inside the building

g, including one which for-
{ §

bids the visitor ‘to damage the inside of the
Grotto’ with the optimistic requirement that he
must ‘make good any damage done’.

The cave itsell is some 30 feet below ground
and is reached by a spiral stone staircase. It con-
sists of a succession ol passages about six fect
high arranged at right angles. At one point a
low tunnel branches out from halfway up the
wall and extends for 15 [eet into the side of a
well, presumably the well from which the cave
was discovered. The calcite formations occur in
separate groups in this cave, the largest being
at the end farthest from the entrance stairway—
a fine stalagmite flow and a number of stalac-
tites and curtains, many of which will ring
when struck. There are also a small number of
helictites.
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The most interesting formation and one
which has still not been satisfactorily explained,
is a group of thin-walled calcite tubes formed
round hanging roots. In some of these the or-
iginal roots have disappeared completely, and
in others there remains only a decayed fibrous
substance. In scction these formations are not
simple tubes, as might be expected, nor do they
resemble a woody skeleton; but their structure
is in fact very complex. In the typical case it
consists of two concentric shells of calcite joined
together on one side cither by a single partition
or by another tube; while in other specimens
there are several internal tubes, irregularly ar-
ranged within an outer shell.

An interesting legend is associated with two
small shelter caves overlooking Wied Mgarr ix-
Xini in the south-eastern corner of Gozo. It is
near this spot that the first settlers in Gozo are
reputed to have lived, and their chief is said to
have administered justice in an open shelter
cave called Ghar ix-Xieh. A few yards away is
another cave, EI Habs, now partly walled up
and used [or housing goats, where the prisoners
are supposed to have been kept.

Most of these caves in Malta and Gozo have
been described recently in “Cave Science”, the
journal of the British Speleological Association.
These references are given at the end of this
article together with a short selection from the
bibliography of the Maltese caves.

There is still opportunity for more work
underground in Malta, and particularly in the
lesser known island of Gozo.
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The Kuh-1-Shuh Caves

By JOHN H. D. HOOPER

All photos by the author

This fascinating account of a visit to some little-known caves situated in a
gorge of the Karun River in southern Persia is veplete with history, both geologic
and human, though not too much s known of the latter. The caves described
herein, once inhabited, lic along a narrow ledge, in one place only 12 inches
wide, which runs across the face of precipitous cliffs at a height of 1200 feet

above the river!

The Karun river, rising amongst the rugged
Zagros mountains of southern Persia, careers
through many spectacular gorges before it
leaves the hills behind and flows across 150
miles of desert to the Persian Gulf. One such
gorge lies 10 miles to the northeast of Masjid-i-
Sulaiman, the once busy town that formed the
centre of the extensive oil fields recently oper-
ated by the Anglo-Iranian Oil Company. In this
gorge, the Karun, perhaps 200 feet wide in sum-
mer, flows between two great conglomerate mas-
sifs, each roughly 3000 feet high, known as the
Kuh-i-Jariak and the Kuh-i-Shuh, the latter
forming the northern wall. Their cliffs, which
rise in precipitous steps on either side to a
height of 1500 feet above the river are complete-
ly unscalable for many miles, although access
can be occasionally gained to rocky terraces
where narrow beds of sandstone have been ex-
posed. Along these terraces there are small caves
and often springs of fresh water, trapped by the
impervious sandstone. Probably the most inter-
esting—and certainly the most sensational—are
the Kuh-i-Shuh Caves, which lie along a pre-
carious ledge, 1200 feet above the river. These
caves are too far from civilisation to be reached
in the summer when the sun temperature at-
tains 160°F and the rocks are too hot to be
touched with the bare hand, but in the cooler
weather of the late autumn, the trip although
arduous becomes possible. The caves bear clear
traces of human habitation, but even now it is
doubtful if they have been visited by more than
a score of Europeans. During 1949, I was temp-
orarily stationed in Masjid-i-Sulaiman and in
November of that year I was able to make two
trips to these caves: both expeditions were in
the company of Mr. T. St. John Eve, of Masjid-
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Fig. |. General view of the Kuh-I-Shuh cave ledge. The sheer
drop below this ledge is approximately 450 feet and the
Karun River is 750 feet lower stilll The dark face on the left
marks the scene of an enormous rock fall.

i-Sulaiman and on the second occasion we were
joined by Mr. R. L. Cowley, also of that town.

Our starting point was Godar Landar, a
small village by the Karun, where the motor
road ends at a pumping station which supplies
water to the oil fields. We crossed the river at
a nearby ferry, this being a raft, some 6 feet
square, made from thin poles and supported on
inflated goatskins—at first sight a very flimsy
cralt on which to entrust oneself to the fast-
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moving waters. 'The two or three passengers
crouch as best they can on the wet poles and
the ferryman, knecling at the ‘front’, scoops the
water towards himselt with a spade-like paddle,
making skilful use of back cddies to prevent the
raft from being swept too far downstream.

The Kuh-1-Shuh Caves lie some four miles
upstream [rom Godar Landar and can, in fact,
be reached by skirting along the base ol the
cliffs of Kuh-i-Shuh and then climbing for ncar-
ly 1000 feet through a sensational gully which

leads dircctly to the cave ledge. We however
preferred to approach by a longer but rather
less precipitous route which took us over the
top of the mountain and into the gully from
above. In order to bypass the cliffs which form
such an impenetrable southern facade to Kuh-
i-Shuh, we had to ascend a side valley, follow-
ing a small river—the Ab-i-Andakah—until we
reached a pass giving access to the more gentle
northern slopes ol the mountain. To enter this
valley however we were forced to climb for
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Fig. 2. Map showing location of the Kuh-I-Shuh Caves in southern Persia.
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Fig. 3. R. L. Cowley starts the return journey across the narrowest section of the Kuh-l1-Shuh cave ledge. This traverse is

12 feet long, but it is well provided with secure handholds.
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ncarly 1200 feet up a steep scarp of conglomer-
ate forming the southern end of an intervening
mountain ridge known as the Kuh-i-Landar.

This climb began, about a mile beyond the
ferry crossing, as a well-defined zigzag track and
ended with a succession ol hard scrambles up
long rock faces where hands were as important
as feet. The crest of Kuh-i-Landar was broken
by a deep cleft, nearly 100 fect high and barely
15 feet wide at’ its mouth. This was known as
“The Funnel” and inside, a dark cave and a
narrow chimney brought us out on a terrace at
the top of the cliff. Beyond lay a broad, wind-
ing track which continued up the Andakah val-
ley. The rocks composing this stony path were
polished and shiny from the passage ol count-
less pairs of sandals, as it was one of the ancient
Bakhtiari highways to the mountains where the
tribesmen had their summer quarters. As we
followed its sinuous, ever-climbing course we
olten had the friendly company of small groups
of these tribesmen, or had to step aside to give
way to a caravan of heavily laden mules or a
flock of obstreperous goats.

Giant boulders of yellow conglomerate clung
to the mountainside and wild almond bushes
and an occasional “Kal-Kang” tree lent a wel-
come touch of greenery to the otherwise arid
scene. The latter tree (Pistacia khinjuk) had
shiny resinous leaves and big clusters of orange-
yellow berries. One hundred feet below on our
right, the Andakah river tumbled through a
succession of crystal-green pools and beyond, the
sheer crags of Kuh-i-Shuh towered high over-
head, their jagged skyline clear-cut against a
dazzling blue sky. The river looked very invit-
ing, but its waters were laden with gypsum and
undrinkable. However, thirty minutes walk
from the top of “The Funnel” there was a
spring beside the path, a curtain of clear but
tepid water flowing over the sun-baked rock
from some hidden outlet in a tangle ol ferns
and vines above. We filled our water bottles
here as this was the last source ol drinking
water until the caves were reached.

Aflter plodding uphill for a further hall an
hour, we reached the head ol the valley: here,
the path flattened and the ravine billowed out
into the Andakah Platcau—a bleak expanse,
many miles across, where thinly covered hum-
mocks ol gypsum were broken only by the dense

BurLrLeriN NUMBER 14, SEPTEMBER, 1952

groves of tamarisk that bordered the river. We
now left the path and after crossing the river by
a line of unstable stepping stones, we made a
two mile ascent of the grassy northern slopes of
Kuh-i-Shuh—slopes far less forbidding than the
cliffs that overhung the Karun and even par-
tially covered with oak trees. Some of these
trees were as high as 30 feet—an unusual sight
in such a barren district where trees of any size
were a rarity. This species (Quercus aegilops)
produces bullet-shaped acorns, 2 to 3 inches
long, from which the Bakhtiari tribesmen pre-
pare a flour and a rather unpalatable bread in
times ol crop failure.

The summit of Kuh-i-Shuh was a broad and
stony plateau, gashed by numerous characteris-
tic stream defiles which began in gentle fashion
but soon decpened and gained sheer and un-
broken walls, several hundred [eet high. These
ravines all looked very much alike on that
featurcless landscape and our problem was to
select the one which would take us down to the
Kuh-i-Shuh cave ledge. Fortunately, we chose
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