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KARST AND CAVES OF THE NAM LANO - NAM KHONG RECION,
HORTH THAILAND

John R. Dunkley

Abstract

The Wam Lang - Ham Khong Karst Reglon, located in a thinly populated, remote. part
of Mae Hong Son Province, nporth-west Thailand, comprises about 1,000 ¥ of
massive Fermlian limeatone. Gver much of the area 1s developed a characteriastic
polygoenal karst dominated by over 300 closed depressions, with &n assemhblage of
forma including dolines, uvalas, polles, atreamsinks, through caves, springa and
blind valleys.

Speleological exploration commenced only in 1983 and the mejor discovery iz Tham
Nam Lang, the longesat ceve reported on the mainland of South-east Asis with
nearly Tkm of passages. Cave development 1ls strongly Ainfluenced by reglonal
strike and fault orientation and by base level inclslon inte LImpermeablie

sediments underlying the Ilmeatone. The largest caves are formed where
aggressive water collects on lmpervious rocks before entering the limestone.
Elsewhere cave development 13 1limited. Several cEVesn are ilmportant

archaeological sites; and a number have tourist potential.

INTRODUCTION

In recent years the karsts of the humid tropics have received increasing attention Crom
speleclogiate. Moat exploration and research has concentrated on caves located in
tower karat and in the continucusly wet karsts of Hew OCuinea and Sarawak, and has
entailed largh, well-organized and 2xpensive expeditions,

In 1983 the suthor began exploration of an extensive and previously hard-of-sccess
kerst in the north-wesat of Thailand, and s brief report was isaved of the discovery of
a large cave, Tham Ram Lang {Dunkley & Greenfleld 1983]. Four sxpeditions have now
covered the area and Tham Nam Lang has become the longest cave known on the mainland of
South-East Asia. The karst of the Nam Khong basin comprises singularly sttractive
mountaln scenery, particularly when the cpium popples are in bloom, and the caves make
up in grandeur and mystery what they lack in numbers, In contrEst with what appears to
be the modern Erend, exploration haa proceeded very much in. the self-contalned
tradition of mountalneer Eric Shipton, and in the fervent belisf that it 1s better to
travel hopefully than to arrive. Scientirfic obaservations have likewise been conducted
in g leisurely manner ipcldental to the main journey.

This paper presents a preliminary deacription and observations on a karst and related
caves markedly different from those zlzewhere in Thalland, and expressss an early ples
for the supvival of a small bubt signiflcant part of wilderneas Asias.

PREVIOUS SPELEOLOGICAL RESEARCH IN THAILAND

Approximately®!15-20% of Thailend is underlimin by limeatone bedrock. Along the Kra
Feninaula and in south Thailand much of this is extensively alluviated with numerous
tower karst residuals, each up to a few square kilometres-in area. North and wesat aof
the Chao Phraya basin much larger ereas of folded limestone with rellef of 1,000 metres
and more are exposed. Preliminary reports on representative samples of these karsts
have appesared in the last few yesars,. Troll (¥973) described the tower karat marginal
to the' Chao Phraya valley, Manfred (18976) drew attention to the ‘'karst ridges'
characteristic of much of northern Thalland, whille Delannoy (1981, 1982) and Odell
[1983) have discussed different parts of the karat of the River Khwiae basin in western
Thailand, 0Odell also describing aspecta of the tower karst near Phangnga {in sSouthern
Thailand. Deharveng & Gouge |19683b) identifled several types of Karst in the Chiang
Mai area, notably around the well=known tourist cave at Ehiang Dao. Extensive doline
rielda are known to exiat in Thaleban Mational Park near Satun on the Malayaian border
{Jennings 1972} but have not been studied in detail. Finally, Odell (1985) has drswn
sttention to an occurrsnce of what he refars to es bogaz (which may in fact be creyice
karst) abt an altlitode of sbout 1600m Ln central Thalland. Although polygonel karst as
extenslvé as that described In this paper hes not been reported in Thailand. smaller
aress mey exiat {(Odell 1983).
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THE REGIOWAL ENVIRONMENT

The Mam Lang - MNam Khong Karst i3 located in Mas Hong Son  Province, north-weat
Thailand, and abuts the border of Burma te the nerth. Centered at 19°30'N, S8%14'E, it
forms part of & series of long, narrow limestone outcrops following the tectonice axis
of mountaln ranges which extend the length of Thalland from Malaysia to the Shan States
of Burma (being probably eguivalent to the "Platesu limestone® there).

The =climate 1ia markedly msonsconsl, with three distinct SEESONS: cool-dry
[Dacember-February), hobt-dry (March-June) and hot-wet (July-Hovember). At highep
altitudes mean coal season temperatures fall below 1892, and occasionasl froats are
reported. Detailed meteorological records are unavailable within the region, but
annual preciplitation exceeds 2,000mm (Gaussen, Legris & Blasco 1836T7).

Drainage is along structural troughs running generally north-south, separated by deep,
narrow esst-wast gorges. The ¥Nem Ehong gethers water from several karst and non=-karst
sources, draeining south to the Pai Hiver which flows west across the Burmese border and
Joina the Salwesn River.

Although local rellef does not exceed 1,000 metres, the terrain i3 extremely rugged
[Table 1), coveraed in primary and secondary monscon teak (Tectona grandis] and bamboo
forest. Secondary growth is increasing due to shifting cu vation and teak oculling.
Lower montane forest dominated by plnes clotheas the higher slopes. A& single road,
frequently requiring four-wheel drive during the wet seasson, traverses the reglon from
east to west and has several ashort aspurs to oubtlyling villages. Elsewhere numerous
walking tracks connect hill-tribe villages. The most rapld and convenlent access 1s Lo
Mae Hong Zon by aip from Chiang Mal, followed by a 2-hour road Journey and &5 much
walking as time and energy permit.

The population of the aresa is about 6,000, ceomprlsing Lahu (43%), Lise (25%), Shan
{19%), FKaren (B%) and Chinese (1%). Less than 5% are Thai, concentrated in the Kings
Project mnd in Ban Bophong, aoon to be upgraded to distrlict [amphoel adainiatrative
status.

Land use conaists primarily of ahifting: {(slash-and-burn) and sedentary subalstence
egriculture, practicea which may contribute to sedimentation Iin some caves. © Opium
poppy is a common cash crop and it thrives on the Eterra rossa =o0il which 1id. found
particularly in depressions. Huch of the area, eapeclally along the Ram KXhong and |
sguth of Nem Lang, 18 of 8 wilderness nature although often dominated by secondary
forest growth. Tpurist potentlal is considerable, though reatricted at present by
border insecurity and relative remoLenesza.

Total exposed limestone in the drainage basin of the Nam Khong is =zpproximately 1,000
km™ Some of this 1s in the insecure zone bordering Burma and has not been explored
speleclogically.

About 25 caves are known. With almost Tkm of large passages; Including 5.4km of active
streamway, Tham Nam Lang is the longest cave in Thailand and with a2 wvolume of perhapa 2
million cublc metres ranks among the most spectacular in the world. It carriea the
drainage from a closed depression some 400m deep, dralning 425 km"™.

This paper deals primarily with the karat esat of the Kem Ehong snd Husi Pong Ssen Pik,
particularly that drained by the Nam Lang (Fig. 11). Notea are Included on saveral
kerat phenomena. ilsolsted from this main body by gorgezs entrenched in underlying
non=carbonate rocks.

Table 1 3 Pistribution of Slope Clasaes, Nam Khong Basin
Slope Class Area (ka ) % af total area

0 == A% B 0.9 %

B - 18 % 17 2.0%

16 - 35 % 159 1.1 %

as. - &0 % 285 32.3 %

over 60 % 12 46.T7 %

TOTAL aa 100,0 %

Source:: Thal-Gersan Highland Developmént Program
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Figure 2 : Surface and underground relationships near windgap of Mam Lang polje
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Table 2 : Distribution of Depths of Closed Depressions, Mam Khong Basin

Range of Depth (m.) no. of depressions

20 - <40 185

40 - < &0 75

60 - <80 36

BO - < 100 26
100 - <120 4
120 - < 140 2
140 - < 180 0

OvEeT 180 1

(Excludes poljes of Mam Lang (400m) and Nam Mae Lana (150m)
and all depressions west of Nam Khong)

Sgurce: Thai-German Highland Development Program
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REGIONAL OEOLOGY

Until pecently only reconnalssance geology was available [(Hrown 1953), but more
detalled mepping hes now been carriad out [German Geological Misaion in Thailand 1972]).
Even 30, only a broad description of the geology 15 yet possible.

Summarized by Sternstein {(19T6), the geologic atructure of northern Thalland may be
regarded es resulting from a periea of adjustments to compressive forces Crom the westl
in Burma acting on the reslstant, atable bloctk or massif immediately to the easat in
Laos and Vietnam. The parsllel ranges developed from sedimentary rocks fColded
longitudinally and intruded by lgnecus rocks, malnly granite. Erosion has revealed the
granitliec cores and left the hasrd, pure limestones and quartzites as towering ranges.

Reglonal geology consists of severely folded belts of Faleozole sediments (limestons,
sandstone, shale, chert, conglomerate and greywacke), varying in age from Ordovician to
Fnrmiap. Although thin beds of limestone occur in older units which surround it, known
karst development i2 restpricted to the predominently limestone Ratburi group of Middle
to Lower Permian age. The Hatburl limestone ocutcrops widely throughout Penlnsolar,
Western and Northern Thalland and in hills marginal teo the Chao Phraya valley. It has
an expoaure excesding 1,000 metres in thia region and reaches a makxlmum atratigraphlc
thickness of more than 2,000m at Dol Chlang Dao, 75 ke. east of the Nam Khong.

A widespread orogeny resulting in intensely lolded rocks occurred during late Devonlan
to early Lower Carboniferous times, and was followed by a long pericd of denudation.
The Ratburil group hes been deposited unconformsbly atop these earlier sediments.
Anather orogeny at the end of the Paleozolc resulted in the limestone being folded and
somewnat recrystallized; though genmerally to a8 lesser extent than underlying rocks, Lo
an extent beat described as marmorized. It varles in colour from mid=- to light grey
through to nearly white,

Triamssic plutons occur south-aast of the region, restricted to a few square kilometres
in the hesdweterz of the Nam Leng - Nem Khong drainage basin. Ctherwise &8 long
satratigraphical break exists between the Permian and some Heogene sediments occurring
north of Tham Lot. The youngest geolegical units are Plelatocene terraces and alluvial
caver im troughs end besins throughout the ares. These are everywhere limited 1in
extent, reaching a maximum width of about 1 km.

The reglon sppears to have bgen above dea level throughout the Mesofole and Cenozolc
eras, in common with most of Thalland. High accordant summits preserved in ridge lines
suggeat that an eroslon surface msy have Formed by the middle Tertisry and that =&
widespresed peneplain truncating previously folded rocks may have existed. Uplift
sccurred at the end of the Tertlary asccompanied by widespread Folding and Faulting and
in its general outlines the present configuratiom of the dralnage syatem wes probably
fnitlated at this time.

Aeglonal strike L1 SSW-NNE along the tectonic axls with highly variable dips, and. the
ared is intersacted by numerous faults trending generally E-W and SSW-HNE. Freliminary
evidence suggests GLhat underground dralnage and cave development are atrongly
influenced by atrike orientastion and feult locstien.

Present landforms thus reflect geomorphic processes operating on structurally deformed
rocks of diverse phyalcel and chemical character in 2 humid tropicel environmeant.

EARST MORPHOLOGY

The main body of limestone is contiguous over an area up to 30km x 18km. Locel relief
of outcropping limestone ranzes uap to 1,000 metres, ‘the highest peaks being Dol EKhu,
1,332m Iln the north, and a consplcuous peak 1245m high on the southern margins of the
karat, Prominent cliffs up to BOOmM high line the esst slde of the Nam Knong and Lita
tributary Hua! Pong Saen Pik, &nd cverlook the north bank of the Nam Mae Pai, Overall
the topography is very rugged (Table 1]).

Between the Nam Lang and the Nam Mae Pal a charscterlstic polygonal karst iz developed
with no perennial streams and taotally underground drainags. Although vary 1L1ittle of
the surface is level or near=leval, the divides hetween depressiors are more or less
accordant, giving the semblance from an obllgue aerial perspective of & broadly
dissected platesu {Plete 1 ). This is quite digsimiler from the surrounding deeply
dissected hills of asdimentary and plutonlic rocks. Horth of the Nam Lang local relisf
Lla greater and the surface more dissected. Occaailonal remnant cone=1like hillas protrude
from the general level; Lthe significance of Lhese and =3 possible ancient surface
drainage syvatem 13 discussed latar.

Grikes eand minor solution features occcur only occsaionally on exposed limestone, which
ia rare except on very stsep slopes. However a few examples have been noted of small
caves up to 10m deep belling-out below wertical entrances In grikes abpout 0.5m in
diamgter. The tufa curtains on ateep and overhanging slopes which are common in  the
tower karst of southern Thailand, are not to be found in this region.
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Clozed Depreasions

A variety of clozed depressions occurs in the reglon, from & few metres to many
kilometres in size: dolinea, uvalas and poljes together with blind valleys.

The largesat closed depressions are those of the Nem Mae Lana and HNam Lang, probably
peat deacribed 83 border poljes (Gams 1978). Both have catchments partly on
non-gcarbonate rocks and thelr lower ends are: level, being fleoored with allogenic
alluvium, Sharp bresks of slope exisat between floor and sides, with piedmont alopes
fraguently reaching back to discontinuous vertical cliffs.

With an apparent asymmetrical strike allgnment, the Mas Lana pelje resembles a
structural trough and recelves dralnage from approximately 30 aq. km. of mostly
nan=carbonate rocks. At present the stream sinks in &an Aimpensetrable hole on the
eastern margin of the polje and there ars one or GLwo other Intermittently active
sinking points further south.

The Nam"Lang polie is more complex. Its drainage bazin comprises 425 a4q. k. of
country as much as 40km upstream of ita finasl sinking pointa. Its windgap (fig. 2) 1=
aboaut 400m above the lowest sinking point and the highest closed contour encloses an
area af TO0 sq. km. This implies that a minimum of 14 cubic kllometres of dissolved
limestone must have pazsed through the cave system., Upon reaching limestone 1ts mailn
northern tributary flows through a large csve {Tham Lot). Above Tham Lot the valley la
alluviated, below 1t is incised for two or three killometres before reaching the
alluviated floor of the main polje.

A statistical analysis of depressions deeper than 20m in the maln contiguous limestone
mass was conducted using 1:15000 topographic base mepa with a contour finterval of 20
metres. The results are aet out in Table 2. Field observations along with
extrapolation suggest the likelihood of there being 1,000 depressions or more excesding
H=10 metrea in depth (Fig, 3). Of the 309 depresaions, at least 33 are uvalas.

Daprassion slopes are commonly steep-sided, sometimes with near-vertical cliffs,
particularly above the lowest pointa. Nevertheleas they carry well-drained soll, ideal
for oplium poppies, from which fines have been washed out and are found at the bottom as
clays in cavea and crevices [Plated). As a result, depression floora often becoms
awampy In the wet sesmon. Few of the depressions are stellate in cutline. The despest
are noticeably asymmetrical with aecond and third order drainage nets, nowever
perennlal strea=s are uncommon, occurring in perhaps 10 cases. Obvious collapse
features are equally uncommon, the largest known being the Spirit Well (Nam Bor Phil
whose near verticasl walls are from BC to 120m high. Interfluves between depressions
are ssldom level.

Structural control hses possibly affected doline slignment on the karst plateau south of
Wam Lang, but the available acale of geclogical compared to topographic mapping ls too
coarse to confirm thia.

Particularly deep depressions characterize three limestone masses I1solated from the

maein body by non-carbonate rocks. On the Burma border near Ban Pang Kham (19%71°, 98°
13*), practically the eantire limestone outcrop 12 contained by & 160m deep doline
draining south through &8 prominent ridge, Similarly large dolines occur on the west

bank of Nam Ehong above and below the road.

EARST HYDROLOGY

Water tracing has not been carried out and thias description 13 based on local enquiry
and flow obsarvations. The concluslions are therefore apeculabive,

The largest karst atream is the Nam Lang, with Ctributaries riaing on non-limestone
Devonlian and Carboniferous rocks to the north-east and south-east. The maln streams
traversea Tham Lot, a large through cave, then flows on the surlface for 15km. Below
Ban Mam Lang several impenetrable satreamsinks sngull the water successlively over a
distance of Skm, the final one being completely blocked by logs and debrla. After -an
underground course of about 4km in a atralght line, the watar risez at the foot of a
masslve rockfall beneath 400m high cliffs 1km east of the Nam Khong. Dey season base
flow 13 about 0.3-0.5 u33'1 but there 13 ample evidence that pelther the sinkz nor the
rockfall at the reaurggnce are able to cope with high flow in the wet ssazon, which

posalbly exceeds 100 8”1 At such times the upper entrance of Tham Lot, with &8
cross=sectional area excesading 100 m“, Ls reliably reported to completely fill with
water,

By local repute the Mam Mae Lana, with a base Flow of 0.2 nﬁs_l dralna west to the Husl
Pong Sszen Pik. This would accord with the presence of a known Fault line, and
furthermore the deep depression 1.5km weat of the streamsink reputedly operates aa an
eaktavelle Iin the wet acasnon. However the spring has yet to be located. A topographlc
low suggeats that drainage was once to the south, but no large risings are known on Cthe
Nam Lang. & small resurgence near the Kings Project is too asmall, and corresponds in
flow to the known inflow cave near Ban Ya Pal Nas.
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Tham 34 Sa, a major outflow cave with estimated base riow of 0.5 m3 5'1, has been
followed For G00m Bt which point two waterfalls stopped exploration. The stream 18
saturated with caleium carbonate and below the spring has bullt an extensive delta of
travertine supporting dense forest. It falls intoc the ¥am EKhong over 2-metre high
travertine waterfalls along a 400 metre front. BWomerous sinking streams sre reported
on the pleteau above; indeed one village, Ban Nasi Kut Sam S5ip means "Village where 30
streams go underground” and small caves are known to exist. The plateau hes not been
prospected speleclogically and exploration and iocal enquiries have falled to locata
any other aprings to the south or west along the Pai River or Ham Khong, oF to the east
or north in the Nam Lang catchment, 1t therefore seami that most drainage off the
karst plateau 1s to Tham Su 35a. With a catchment area only one quarter that of Tham
Ham Lang, the dry season base flow of Tham Su 5a 1= about the zsme or allghtly greater,
This snomaly in regimes may be attributed to the diffuse drainage net of the latter,
with a correspondingly longer subterpsnean transit time.

Two moderate perennial inflow caves are known in the porth near the villages of Ban Fha
Puak and Ban Pha Daeng and detalled maps show other non-perennial streamsinks nearby.
These mpparently rise s tributaries to the Huel Nam Pong:

The known springs to the north and south of the Hual Ham Pong are located 1in deep
narrow gorges and have yet bto be explorad for caves. However caves are known In other
{solated limestone messas at 19936°, 98°06', and 19%28°', gE®06', Both are reiatively
small (3-4m in dismeter with evidawce of large-scale seasonal flooding) and 4in the
former case a rusoursd through cave has been entered at both ends put mnoet yet fully
explored.

HERITAGE SIGMIFICANCE OF THE CAVES

Most caves sre located on cosmunally owned lend and sre thus effectively in the  public
domaln. For a number of reasons they deserve recognitlon ‘as part of the natural and
historical heritage of Thallend.

Until about 1980 tourism in the reglion was virtually non-existent but this is changing
followlng opening of alr servicea to Mae Hong Son and improvements in road &Cocess.
Tham Lot is in & recently established Watlonal Park and has recelved publicity Iin
national outdoors magazines and in hotels in Chlang Mal and Mas Hong Son. It recelves
n small but growing visitation both from Lhe burgeoning Theti middle class and from
trakking companies oriented to Forelgn travellers. This traffic hes alresdy extracted
s visible toll en the more sensitive parts of 1the cCave. However the nead for
aympathetic management 1= recognized and the traditional 1ighting methed of burning
reeds has already been banned.

The caves along the Nam Khong, espscially Tham Nam Lang have potential =a part of a
wilderness experience assoclated with outdoors mctivitles auch =ss camplng end canoelng,
which are rapidly increaslng in popularity.

Bevepal caves are of major archasological significance and deserve appropriate
managemnent. The only known serious excayvation was that conducted in Spirit Cave
{Gorman 1870} which wea a seminal demonstration of the gxlatence of early agricultural
communities in South-east Asis, Pebble tools were also seen ln Thas Susa during 8. very
cursory examination in 1985. As Fope et al. {1g78) have pointed ocut, northern Thalland
is ravourably altuated in the geographical centre of the known distribution of the
majority of Plio-Plelstocene Asian Hominidae, as well as belng located in the centre of
past and present ma)or migration routes of Asian mammals. They emphasize also that
karst features are highly conduclive to the preservation of fossll Faunas.

A number of caves, particularly sgme smell ones, contaln hollowed teak coffins about

2.5m long, @sometimes srrangsd in tiera of two or three. While mostly atill in ‘an
excellent state of preservation testifying to the resistance io weathering of teak,
some of the more acceasible ones, such as in Tham Lot, have been vandalisaed. John

Spies |pars. comm.] reported that a team of Thal erchaeciogists had obtsinad &
radiacarbon date of 1250 years BP for one of these sitea, but the author ‘has been
unable to confirm this op te locate published referencea. The coffins play no part 1n
the folklore of the present-day hilltribes, many of whom arrived only during this
cantury, Thay are locally believed ta be Essociated with the Mon, =& people of whom
1ittle is known except that they occupled much of Thailand pefore the areival of the
Thais. The location of scme of the best-preserved coffins is nob widely known but
others are regularly shown to tourists and &ra vulnerable [Plate 5).

1t seems likely, therefore, Gthat the caves of the region and of northern Thalland
generally have significanca both for the prehistory of South East Asis and possibly for
an understanding of the movement of the Thei and Shan (Thai Tail peaple from  Yunnen
aver 800 years ago.
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CAVE DESCRIPTIONS

Tham Hem Lang
19 31*, 98 09" Passage lengkh: surveyed 454Tm, estimated 2170m. Total ET1Tm.

Them Mam Lsng drains the Nam Lang polje and 48 the longest cave reported on the
mainland of South-East Asia, Located &t the resurgence of the Nam Lang, the existence
of sn entrance high in huge rocks above the apring wes known only to a handful of local
Shan people [though denied by meny morel. -~ The cave beyond the entrance chamber was
first entered in Jepusry 1984 by the author, John Splea, Mark Mecpherson and a Shan
guide.

A massive rockfall nearly 30m high dominates the front of the entrance chamber, which
is 30-40m high, up to 50m wide and B0m long, heavily vegetated in the fipat &60m, much
of it fMluminated by late sfterncon sun. A descent is made over dried mud and bouldars
to the streas which 15 followed to the 1imit of daylight well over 200m -inside.
Shertly afterwards a climb {3 made across a barrier of flowstone and rimatone pools
nearly 60m wide. Bayond this the stream passege 1s again encountersd and can then be
followed continuously for at least & further Skm. The end hes not besean reached.

The atream passage is remarkebly constant in width, sSeldom being leas than 10 nor more
than 20m wide. Helghts have been estimated, never being Iess than 10m, usually
excesding 20m and occasionally reaching B0-100m. An allogenic gravel train Forma the
floor faor about 3km, the remainder beling water with mud aediment. Superb wistas of
undepground grandeur open in seaversl stretches where line of asight approaches Z00m.

Up to Meung Eilo the cave closely parallels the limestone boundary and passsage
direction 12 controlled by the regionel strike. In this section the atreanm
pccaalonally runs over marmorized bedrock. More commonly, the first 3 kilometres is
characterized by delightfully long stretches of meandering stresm channel with sand and
gravel banks, broken by regular rockfalls op to 6-8m high and a few hundred metres
long. Bedrock runnels and chutes, often contalning recent send snd gravel deposits
evidence rapid, turbulent vadose corrasion well above floor lesvel, Over the innermost
2.5km 8o far explored long stretches of slowly-moving water up to 1.5m desep are
encountered, along with extenslve =sud, and a boat 18 needed for comfortable
expioraticon. A% &.5km:a dry absendoned bypass 300m long occurs 10m above stream level.

The walls =are uvauslly acalloped. Decoration iz sparse but massive where 1t does ocecur,
forming stalactitea and wall CFlows up to 30m high. Large expanses of flowatone and
rimetone pools cccup &t 0.3 [(Tham Kaeng-Khao! and 1.3km (Fhre HAache Wang Mekhala),

forming ramps up to 10m above the stream. Both are deposited by small tributaries
which were sctive in Janwvary but inactive in May. foth tributeries appear to be
strike-oriented, asscolated with mejor chenges in main passage direction. 3everal

cther tributaries are sncountered, a&ll but the firat entering from the north and none
of which can be Tollowed for more then 50m or so.

The stream passage beyond 54 Kilp trends at approximately right angles to the general
orlentation of drainage between the Nam Lang ponors and Ehe reaurgence. It maintains
this divergent trend over a linear distance of about 1km with only minor excuralons
along the atrike.

This change in oriesntation coincides with s slackening in the stream gradient, this
part of tha cave being characterized by deep water requiring swimming or boating. The
passage i3 considerably smallep here than further downstresm, though generally still at
leaat 10m high. Small repids occur in one or two places, mostly tumbling through
rockfall blocks. The passage grows & little larger again upstream of the dry bypass,

Near Ha Kilo the cave shows signs of flocding to the roof, with silty floor, celling
hollows Bnd vegetable debris on the ceiling. At the upstream snd of Gthis area Lhe
pasaege brlefly narrows and the celling dropa to within & few metrss of Lhe water.
Beyond Ha Kile the ceve may agaln be strike-oriented.

The stream passage beyond 31 Kilo 1s also noteworthy for giving access to higher level
passages - the generslly smeller dimensions of the atream passage here may be partly
due to successive stresam levels belng laterally displaced rather than superimposed to
form one large passage. The most upstream of these upper levels ia a 300m long dry
bypass of the stream pasaage. It is generally of large aize and features excellent
flowatone, Ffossll gravel beds and small white fish in some pools.

Several extansive, unstable rockfalls suggeat higher levels to the cave. The first, at
1.1km has net y=t been thoroughly explored although climbed to a height of about 50m.
Beginning at 1.8km, the second (Dol Hin Yail) is atout 120m long, 80m wide and from lts
top Bt 50m & large shaft (Ban Khong Aamasura) can be seen extending upwarda beyond Lhe
limitas of torchlight, a trickle of water dropping over B long ledge 60m up. Fresh
vegatable mattér was noted at the foot of the ahaft, approximately 300m below the
surface, and Lt ssems clear that much mare water descenda during the wet season.
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The moat extensive upper level explored, Tham Ban Khong ¥Kwan commences wlth & steep
rubble slope negr 51 Kilo., From a trunk passage about TO=80m up, a chamber to the east
gives access to at least one large passage that terminates in a blg verticael drop edged
by flowstone, with & strong draught, From the downstream end of the trunk passage =&
magnificently decorated, very large chamber {(5ala Khan Thal) leads off to the left,
contalning stalagmites up to 25m high, massive Flowstone walla and other decoration.
The loweat part of the [loor 1s3 polygonally cracked mud. Golitea gccur in  one
attrackive alcove., To the west the chamber leads ta an eatlmated 50m drop back down to
the maln atream passage, while et the other end a muddy passage gbout Sm In diameter
leads to & small tributary [(Hual Khwae Nol) which sumps at both énds. Small white fish
are Also present here., This tributary probably joina the main stream at the fook of
the- Inftial rubble slope where trlckling water ia audible.

Beyond the explored limit Bt S5.4km the sbtréamway continues, only 2 little narrower and
lower and with no end 1n sight.

Cave temperature lLs comfortable, A breeze ls particularly notlceable 2 to lkm inside
and in Ehe upper level passages. Cave fauna, both adapted =and adventitious, ia
plentlPul throughout, noticeably more so0 ln January than at the and of the dry season
ln May, and Lncludes bats, white flsh (apparently with reduced 3igntl X centipedes,
millipedesa, slatera, springteila, m=meylflies and dragonilies. Samples are presently
being ldentified by Uraeme Smith.

Plate 2

Tham Nem Lang
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Tham 3Susa
19%28", 98°08" Total leagth: 1,160m (main stream passage T40m)

An outflew cave located at the foot of High cliffs 1km east of the Nam EKhong,
spparently dralning most of the karst plateau between Nam Lang and the Pal River, and
corresponding closely to a known fault lipne. The name Susa depives from the nolse made
by the water issuing in the spring. Downatream of the apring below the entrance tLthe
stream has bulit an extensive travertine delta up to 400m wide, falllng inte the HKam
Ehong over 3m high waterfalls.

There are two entrances close together above the spring. The lower entrance dropa 3m
to a mud-rloored passnge le=sding to a 4m mudslope to the stréam 15= upstream of the
final sump before the apring. The upper -entrance opens &g & large chamber With
artifacts on the lloor. This lesds to-a further chamber with massive decoration &nd
possible access to & higher level. ALt the rear of both chambers a mud slope leads down
to the stream

The river passage 1= & nearly constant 5-Tm in width and almost everything 1s
mud-coated: walls, slopes, hanks, even the decoratlon. Water depth fa froam 0.5-2m with
8 strong current. The pesaage meandera upstream for 700m to a chamber with sandy mud
banks on both sides and a rockfsll. A rosp of water 1s heard and arcund the corpner a

set of rapids is reached, 1leading on to a 4m waterfell which can be [ree-climbed. A
furthar 10m across a plunge pool lesds to & second waterfall 5m high and occupylng the
full width of the passage, terminating exploration. 4 elimbing pole would be needed

fop further progress.

A side passage '00m [rom the entrance extends from the top of a mud bank on the south
bank, leading te a large, very dry passage B-10m high and 20m wide which was followed
for 150m. Smaller passages beyond thils were not investigated.

A mecond high level passage Bgain leasds off the south benk to =2 large high chamber
20=30m in diameter. The floor las covered with allen, decaying decoratiom with dry
crusty surfaces, and led down & dry flowstone slope back te the stream. Other acceases
tc high levels were observed slong the stream but nobt investigated.

Higher than normal levels of C02 were noted along the atream, making wading tiring, but
this was not apparent at the waterfalla.

White Cliff Cave
19°39° 98%13" Length: 650m +

Located only 8 few kilcometras Crom the Burmese border, this has a massive entrance
chamber about 100m high, wide and long, sloping downwards over an extensive rockfall.
The north-ssst well hes 8 hole scome 20m high x 10m wide opening into 1t some 30m above
floor level; this was quite inaccessible but a level passage could be seen. Near GLhe
pattom of the entrance chamber, drops of 20-30m between rocks lead to another chamber
pesrly s large as the firat. Two passagés lead off the far wall of thils chamber. One
leading downwards over rocks passes through several small chambers and sppears to be a
fosall streamway. The other L8 st111 active, and is Joined by another, smaller stream
af unknown orlgin before splitting into several parts and disappearing through rocks.
John Sples has followed this wilth lncressing difftculty for perhaps 300m. When entered
in January 1983 the maln stream was carrylng 0.03 - 0.05 m =1, the tributary rather
less. The destination of the water is not known and there are obvious exploration
proapects.

Tham Hus! Seua Weung [provisiocnal namel
19%28", as%p7! Length: 30m

Lacated at the head of the mein tributsry stream entering the Wam Khong from the west
one kilometre south of 3Su 3a. The stream presumably originates in the large encloasd
depression & few kilometrea to the west which has not yet been explorted, After 8 lew
metres boulders glve way to a bedrock floor with a shallow lnclséd Stream chennel still
roofed with large boulders.

Tham Hual Seun Song (proviaslonal name)
19%2g¢, 48%7" Length: 300a

The entrance, about Im. 4in diameter ligs on the south baok a few hundred metres
downstream of Tham Husl Seua Neung, behind a sizesble pool backed by a boulder meze. A
apacious pressure tube passage 3-4m 1ln diameter leada horizontally for 300m to an easy
climb which was not explored. A strong draught 1ia evident throughout the cave. Huch
of the Flosr is sand but there are mipor rock heaps &nd s=all logs 1in places, and smaell
erlckets weres noted, A very promising exploration prospact.
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Figure 5 : Tham Susa and White C1iff Cave
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Tham Lot
19934, 98917" Total lengths 1,030m (main stream passage S00m)

A through cave containing the Nam Lang, thiz ia now located in s National Park and 1is
already adversely affected by visitora. Its development appears te be mssoclzted with
& fault line separdting the limestone [rom other rocks to the east. The main -stresm
passage is 500m long, the upstream sntrance being 30m x 10=, enlarglng graduslly to be
45m % #5m at the downstream end. During the dry season the caye can be comfortably
traversed by wading the stream but in the wet the upstream entrance i3 occsslonally
completely filled.

Laddera lesad to level passages shout 15-20m above .wilth less tolersble numidlty.
Particularly in the higher level there {& excellent decoration, including gours,
flowstone and 8 range of stalactites, stalagmites and columns, Rimatope barriars ars
especially evident at the intersectlon ol levels. One high passsge contains coffins
but in genersl vandallsm and wanton carelessness have besn high throughout the cave.

"Ha Ko" (local Hed Lahu name)

199357, 9R% 15 Length: 172m

An inflow cave at the foot of & poppy fleld about 2km east of the Red Lahu village Ban
fa Pai Nae. A short crawl a2t the foot an overhenging ¢11ff opéns into walklng passage
about 3Im in diameter between mud banks. This greduslly narrows to 8 crawl and

eventizally the passage bvecomes choked and impessible, The water is sald to resurge
ggsin & short distance south and flow beiefly on the surface before sinking agaln.
Flpw observations support local bellef that the resurgénce &8 on the north bank & short
distance east of Ban Nam Lang, aboult 11km away.

0ld Sink of Ham Leng
19932+, g8%10° Lepgth: 100m

This 1s & deceptively large single-chamber cave, ALta slze being obacured by extensive
preakdown and decoration. It is located at the end of a promipent blind valley about
2km long, running WNYW from the present course of the Nam Lapg, a&bout Skm downstrean
from Ban Nam Lang. A climb of Z0m over degraded rockfall leads to the 50m wide x 10m
high entrance, About one third of the cave ia in the dayllght one. Soma excellent
flowstone decoration is Found, while there are still some fine oolltes in the entrance
chamber. The cave is not well known and shovwed signs of few visitors. Although it is
undoubtedly = former sink of the Nem Lang, further progress appears completely blocked.

Spirit Cave {Nam Lang)

A very high, wide overhang, possibly owing lts origins to basal sapping. It may not be
Well Known even lacally; lts location should certainly nobt be publicised. The overhang
i5 in the form of an amphitheatre 60-B0m high, up to 50m wide, with a depth behind the
drip line of up to 20m. & suite of coffins hollowed from solid teak logs is scattered
around the amphitheatre, some deceyed and damaged, Dbut several atill Intact 1o tlers
ralsed several metres sbove the ground. These are belleved to be of pre-Thal, Mon
origin, and sre possfibly eover 1,000 years old. A smell archaeclogical excevation waa
made some years Agce, but there have evidently been no foreign visitors in recent years,
Because the cave is a burlal site, a&nd is indisputably an eerie, echolng place, it was
probebly mot inhabited.

Spirlt Cave (Nam Ehong)
15234, 48”0t Length: &50m

An important archasological site on the western slde of Nam Khong, upstream from Ban
Mae Suya, excavated in 19668 [Gormen 1970). Three small connected chambers.

Spirlt Weil (local Lahuy name: #am Bor Phil
19932+, ag10° Depth: 100m

A& spectacular collapse located on 2 slaping hillalde, completely surrounded by vertical
wells, was axplored by Kerry Hamllton and John Taylor. On the higher alde an enormous
cave entrance 100m high s overhung with leng stalactites and vines. On the low side a
T70m pitch drops to a scres sloping steeply a further 30m or =q drops through ralnforest
trees to & 1m diameter » Im deep tube which takes the dralnage. A climb up an earth
slape under the cave sntrance Ieads to large stalagmlite %o a guano floored Bsloplng
chamber, with no way on. The other low polnt of the dolline has a amall dark ares under
large rodks (Plate 4l.
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EVOLUTICN OF THE CAVES AND KARST

1. Influence of tectonlc and structural control

fegional strike and fault orientaticon appesr +to have influsnced primary drainage
networks both on the surfece and underground. For example the headwaters of the Nam
Lang occupy fault-guided valleys marginal to the limestone before Clowlng westwards Eo
the streamsinks, and part of the course of Huail Pong Saen Pik 18 fault-guided. Tham
Lot is developed very close and parallel to a probable Gthrust fault separating the
limestone from ssdiments to the east. Tham Susa and Tham Huali Seua Neung are both
gligned very cloasely to known faunles. A fault may also have been influential in
directing underground drailnage from Ham Mse Lsns to Huail Pong Saen Pik, elthough Gthis
cannot be confirmed until the spripg iIs located.

& further major factor in cave development has been that valleys such ss the Nam Khong
gnd Aits s=surface headwaters have lncised into impermesble rocks underlying the
limestons, resulting in base level springa. The relative rapldity of this incisien la
evidenced by the ateepsr gradient of Tham Nsm Lang nearer its rising. It may slso have
been instrumental in promoting underground drainage from the three large Alsclated
limestona bodlies,

Strike influence is particularly noticesbls in the firat kilometre of Tham Nam Lang,
whepre the ecave is developad parallel and close to the limsstone boundary. The small
tributaries all appear to be strike-oriented and rise from down-dip sumps. The
tributary 5t Wang Mekhals appeara to originate in the large doline near Ban Tham Pak
Eut which ts directly in line with the strike.

Analvsis suggests s further three or four master Jjoint aets [(TO% 1182 , 1459 and
posaibly 0%mag.) may preferentially direct passege orientation in Tham Nam Lang.

2. Limeatone solution processes

The seasonally heavy rainfall regime results £in large quantities of potentially
sggressive water entering the limestone. However A contrast wmust be drawn between
runoff from non-carbonate rocks, -and that occurring entirely on limestone.

The largest caves have formed where runoff 1s concentrated on mnon-carbonate rocks
befora reaching the limestone, in &ccordance with observatlons elsewhere 4in the
troplecs. A typical example iz Tham Lot, where alluvial deposits upstream result 1n
water pesching the cave sfter minimal contact with limestons. Allogenic alluvium
downstream in the palje From Them Lot farther insulates this water until it is finally
engulfed, Within Tham Ram Lang water continuea to be insulated by the gravel train,
glthough some of this 1s limestone, and in those sectiona of the cave where the whols
passage contains slow-moving water there is a thin coating of mud on the walls and =&
much greater thickness on the [loor.

A differant sltuation prevalls in the many smeEller depreéssions with catthmenta entirely
in limeatone. Only & samall sampla has been observed, most having 1lttle exposed
bedrock Iinm or near thelir Floors. Caves are mostly short, fCreguently being enlarged
joint Clssures.

According to messurements by Smith, Orew & Atkinson (1872) 4in Jamsican cockplt karat,
percolating water in such deépressions 1is much reduced in aggressiveness within & ashort
distance bepeath the surfacse, dim to the influence of biogenlc carbon dloxide,
Excavation of large cavities 1s thus much less likely to occcur in the first place.

Furthermore, fines are washed downwards, elther initially to the base of the aoll
horizon and thence laterally, or directly by sheet wash and concentrated flow to the
bottom of depressions. Seassonal varlations in rainfall may contrlbute to thia proceas:
enlargement of joints duping times of rapid percolation may be offset by clay sealing
at octher times. In either case jolnts become sesled with cley fll11, &nd many of the
depresslons ars swampy in the wet season despite being perched up Eo B00m above the
spring st Tham Susa only a few kilemetres dizstant.

Those depressions containing perennial streams tend to 1lead to <aves which narrow
rapidly inwards frem the entrance, sSuggesting a rapld incresse in saturation levels,
GCaves inm thias category Includs Ha Ko snd White CliPff Cawe.

The processes of resealing can be Seen to best sdvantage in abandoned csve passages
such as the old sink of Kam Lang. Those parts of the ceiling and walla not covered in

caleoite have 8 thin £ilm of mud. The loweat parts of this cave are completely sealed
with redepocsited calelum carbonate and Fine mud, and atanding pools of water have &
floating film of calclte. Another example iz & 20m deep cave which, despite closse

proximity to the much deaper Spirit Well, has a floor completely sealed Wwith mud.
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Plate 4: Spirit Well (note flgures) Flate 5: Coffins in a cave near Nam Lang

Plate 6: Closed depression with poppy fields near Mae Lana
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Although stalactitic flows are common encugh im the main trunk passages of Tham Ham
Lang and Tham Lot, Jlarge, =ven messlve stalagmites predominate at higher levels, in
common with most dry tropical caves.

3. HMechanlcal processes

Corrasion must be mccorded a role in the development of Them Lot and Tham HNam Lang.
Apart from the evidence of vadose bedrock chutes and runnels, and the traln eof
sediments varying from fine mud te sand and gravel, there i= an ongoing undersining
process at stream level resulting In large unstable rockfalls =&t several points,
notably Thi Arahn Klang Wen, Doi Hin Yai and Tham Ban EKhong Ewan. In the csse of Dol
filn Yal [8lg Rock Mountain), the rocks oniginste from a large corrosional -shaft,
extending upward beyond the limit of torchlight, which carries water even at the end of
the dry asegason.

4, Genersl Evolution of the Karat

In its general outlines the preaent configuration of Lhe drainage aystem of -northern

Thailand was protably inherited from the uplift during lste Tertiary times. bDrainage
déveloped on an sromion surface truncating earlier folded rocka, snd was initially
structurally gulded. Limestone solution occurred preferentially at the Intersectlons

of two or more joint or fault pimnes, initiating the depressions and in time deranging
the surface dralnage. Topographic lows suggest for example that the Nam Mge Lena onca
flowed south B= & teibutary to the Kam Lang, and that a similer stream flowed north off
the platesu to join the Nam Lang near lts present windgap. The ococsslional cone-like
limestons masses on the plateau may date from this period.

Although in their present confilguration the depressions need not be dated back to the
Tartiary, there 18 no reason to suppose Lthat they differ significantly in age. Despite
the much greater depth of the poljes, their ratic of volume to catchment area fa of an
arder similar to that for the smaller depressions.

At the macro-scale, especially ®s viswed by low-angle oblique aerial photography (Plate
1), the karst has the sppesrance of a plateau deeply dissected only at the margins.
The meso-topography, on the other hand, is very rugged with almost no near-level ground
except on alluvium (Fiate &),

Aecently, debate has centered on the dynamics of eroslon of & karst platesu into
residual forma. Jakuca (1977} asserted a priorl that becsuse they concentrate
corrssive action, depreasions im 8 tropical plateau ksrst are self-enhancing, leaving
residual towers close to the level of the former plateau. This ¢onmclusion relies on
the zssumption of a posltive feedback loep between depth of so0ll and rate of lowerlng
.of depresslion floors. This model was suppaorted by Day (1976). Guna [1981]) has
identified six flow compenents of depression hydrology, & detalled study of which would
ald understanding of the processss at work.

Finally, Crowther {198&) has produced evidence from Malaysia suggesting that small
soll-rilled depressions of the type found in the Mam Lang ares tend 1mn [rect to be
self-1limiting rather than self-anhancing. He believes that the landscape is lowered
more or less evenly, presenting an eguilibrium form &t the meso-Scale. ht the
macro-scale, the principsl agencles of dissection are sesn as regionsl jolnts and
Tfaults. The thick sediments mnd solls in depressions must then be regarded as
secondary features resulting from, rather than cpusing, intense localimed e=roslon.

Su-nnrx

The Nam Lang - Nam Khong karat has been evolving since uplift of norihers Thalland 1in
the late Tertlary. Initial surface dreinage was determined by tectonlc and atructursl
controla end at this stage the Nam Mae Lana may heve been a tributary of the Ham Lang.
Underground drainage was guided by these major structural lineationa. Deprgasiona were
moat likely to form initially &t the intersectlon of two or more joint or fault planes,
a process which was sutocatalytic because as thaip catchments enlarge, =so they attract
more runoff and grow faater. in time surface dralnage became deranged eXcept where
allogenic atreams such as the Nam Lang malntalned some of their course on the
limestone. However, the basic geometry of the karat was maintained as the limestone
mass was reduced by lowarling of both depressions and divides.

Development of Yarge depressions end caves was Travoursd where aggressive waler
concentrates on non-carbonats rocks before reaching the limestons, and was f(urthar
enhanced both by rapid lowerlng of base level sSprings and by gravel treins 1in the
caves. Cave development in the smaller depresslons 1s 1limited and 1s aubject teo
negative fesdback processea.
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DISCUSSION

Further exploration, particularly in Tham Susa and in the upper levels of Tham Nam Lang
should add te an understanding of cave developmant. Close attention should be paid te
gealoglical structure both within the caves and -on the surlace, to eatablish the
influence of -structure sgnd of stratigraphlcal variations.

All speleclogical exploration to date hes been carpled out during the dry seasson, sinca
the caves are inaccessible for much of the wet season. However as MWilliams [1972b)
emphasizes, [(luvial proceases are central to an understanding of the evolution of
pol¥gonal karst, end these processes will be most evident at the height of the wat
segson,; particularly the relative algnificance of overland, through- and subcutaneous
Flow, The plateau south of the Nam Lang in particular needs to be prospected imn asuch
conditions:

GLOSSARY

Features in Tham Nam Lang =nd Tham Suss have been named using transliterated
Thai, employing the romanized system recommended by the Royal Institute, Bangkok:

BAN: wvillage, home of ... (a peraon) Dol mountain

BAN KEONG RAMASURA: Home of HAamasuras |(a mythological demi-god helf-ogre half-divine
gIN: rock, stone HFUAI: stream, creek

KENG: raplds KNAENG-KNAD: bat

KEWAE: tributary EHLON; mud

KALONG: cansl, waterway ERUAT: gmravel

MAE NAM: large stream, river NON MOK: [oggy corner

NAN: water NOI: small

(PHRA RACHA) WANG MEKNALA: Pelace of Mekhsls [besutiful goddess of Thal mythology)
SAr: sand SgNG:  high

THAN: cave, opr caveprn or chamber within B cave
THEI ARAEN KLANG WAN: lunch=eating place

THI THA RUA LUANG: place for launching the yellow boats
TEAM BAN KRONG EWAN; Cave home of Kwan (& spirit residing in the head, responsible
for heglth, wealth snd general comfort]
UNONG: ‘tunnel ¥Yar: large, big
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HISTOPLASMOSIS AND AUSTRALIAN CAVE ENVIRONMENTS.

T. J. Harden end P. J. Hunt

Abscract

Histoplasea capsulatuym 13 a fungus which L3 the causatlve agent of
histoplasmosis, a disease of worldwide distribution. The prevalence of this
disenase and its manifestation In clinleal oases of dissase |lp humans arae
described. The asscociatlon of this rfungus wWwith dung enriched scil is discussed,
particularly in relatlion to cavea which are frequented by colenfial bats. H.
capsulatus has been assoclated on several oopasions with the respiratory form of
histoplasmoaia In Australis but has only been isclated from the Church Cave. It
Is suggested that although ¥. capsulatum In Australla has been found in
assooiation with only Minjepterus schreipersii, other genera of bats may also
harbour thia fungus.

INTRODUCTION

The disease histoplasmosis has for many years been recognlsed by
spaleologists as "cavers' disesse" or "cave sliokness". Although commonly found Lln
many overssaa countries, partlicularly Americs, there have been only two reported
outbreaks of this diseasze in Australlia and each of these has been assooiated with
a4 visit to the Church Cave (Isbister et al., 1976; Hunt et al., 1984). This paper
reviews the disesse histoplasmosis and lts association with bats and caves,

THE CAUSATIVE AGENT OF HISTOPLASMOSIS

Histoplasmosla 1s & very common disease of worldwide distribution eaused by
inhaling the spores of the fungus Histeplaswa capsulstum. Fungl are most commonly
found in decaying organic matter and very few cause disease in humans. Fungl are
microscoplie in size and usuwally exist In one of two forms. The mycelial form
growa to produce hair-like strands whieh Llntertwlne unti{l they form &8 mycelium
which 1s large enough to be ssen with the naked eye. The other form of fungl are
the yeasts. These are unieellular In structure, reproduce by budding, and cannot
noemally be-seen with the naked eye. Some Tungi are dimorphic i.e. they can
gonvert from the unlcellular yeaat form to myeelial growth, or vice versa, in
appropriate environments. #. capswlatue llke 511 other fungl, reguires abundant
molsture and a supply of both organle matter and oxygen for growth. It also growa
besat at normal room temperature [(20-25°C) and reprodiuces by releasing millions of
spores lnto the atmoaphere, These spores are rapidly distributed by wind currents
and ecan then be inhaled by anlmals or humans.

., capsulatum la a dimorphic fungus. At room temperature Lt grows on
laboratory culture media 8a a fluffy myocelial colony either white or buff-beown in
celour producling numerous spores. However when the spores are Inheled by 2
ausceptible anlmal specles, it grows as a small budding yeasat in the tissues of
that indlvidieal, In its natural soll environment M. capsulatum Erows Ln the
mycelial form but i3 not visible to the naked eye as the fungal strands are
diapersed throughoat the soil particles.

THE DISEASE HISTOPLASMOSIS

#. capsuletum causes symptoms of widely varylng severity with approximately
95% of pases belng inapparent or subeclinical and only 2 few infectlions terminating
fatally (the latter cases usually ocour in individuals whose immune system L5 not
functioning competently or who are predispossd to such Infectlons due to other
11lness). The number of individuals who have been Infected by H. capswlatum In
the Unlted States;, whare the dlsease l3 recognised as & public health problem, 1s
estimated in the millions and surveys have revealed areas whare the Infectlon rate
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may be larger than B0% (Goodwin and Des Prez, 1978). It is estimated that 500,000
persons acquire histoplasmosls each year in the Unlted States and a recent
outbreak (1978-1979) lnvolved an estimated 100,000 residents of Indianapolis,
Indiana (Wheat =t al., 1981). In certaln parts of the mid-Unltea States,
histoplasmeosis is commonly called "Summer flu" since the infection ccecurs in the
upper resplratory tract following inhalatlion of the fungi from dry dusty soll.

Histoplasma infectlons most fregquently involve the resplratory tract and
infection i85 initlated after inhalation of apores of the organism. The term
"oagvers' diseasse" refers to a mild to severe form of asute pulmonary
histplasmosis, the symphoms of which may begin gradually or sbruptly, 10 days - 3
weeks after inhalation of the fungus. The sympboms of this form of the disease
are a non-productive cough, Fever, night sweats, Wweight loss, malalse, headache
and shortness of breath. An X-ray of the lungs of the affected Individual shows a
pleture very similar to that produced by an acute form of tuberculosls. Both the
X-ray pilcture and the symptoms of the disease genarally clear after N - 6 weska.
Treatment of the doute pulmonary form of the disease with antifungsl agents la
very rarely neceasary and thers are usually no leng term [1l-effects from having
contracted the dlsease.

Although this fungus has been fsolated from & yarlety of snimals, there ia
no evidence of animal-to-man or man-to-man spread of the disease., However animals
chronically infented with H, capsulatum (e.g. bats) may be an lmportant source for
seeding the soll with the fungus (Klite and Diercks, 1965).

THE ASSOCIATION OF HWISTOPLASNA CAPSULATUN WITH CAVES

is found throughout the world but grows in abundance
only in relatively reatridted envirommental conditiona. Fureolow (1958} and
Fonseca (1971) found that the climatic conditieons favouring growth lm an "open"
environment wers a mean temperature of 22 - 29°C, an annual ralnfall of
approximately 1000 mm and & relatlve humidity of 67 - 87%. Outside of these arsaa
with the appropriate environmental condlitions are the "olosed" environments e.g.
caves inhabited by bats and vlrda., Thus, although the surroundlng countryslde may
be too dry or cold for the sustained growth of the fungus, the protected and
relatlively stable conditlons inalde the cavea allow such growth.

H. capsulatum 1s capable of growth anmd proliferation ln soll and many of the
organle materialas that normslly accumulate ln the surface layers of soll can serve
a3 substrates for this fungus. However, . has been ahown Lo have &
predilection for dung-enriched solls (Geoos, 1965) and 18 thus commonly found in
s0il sontaminated with the droppings of birds, fowls and bats.

THE ASSOCIATION OF HISTOPLASMA CAPSULATUM WITH BATS

Avallable evidenge indicates that ecertaln bat apecles play a role in Lhe
eplzootiology of M. capsulatus (Hoff and Blgler, 1981)., It ls thought that the
fasces of bats and blrds serve as a source of nutrients to fungl in the soll and
provides a competitive advantage to H. capselatum 30 that It can develop with
greater puccess than it would in another habitat. Indsed, extracts of chicken and
starling manure have been shown to have s stimulating effect on the production of
apores by M. capsulatum [Smith and Furcolow, 1960).

It 1a believed that . capswletus from bat, to guano, to bat and that the
bat meoquires its Initial Infection by the respiratory route (as in man) by
inhaling infectious particles that are produced by the growth of H. capsolatum in
thelr roosting habitats (Hasenolever et al., 1969). Thias is supported by the many
isolatlons of the organism from the lungs of bata (D4 Salva, 1971), There ls also
evidence that the bat intestine contdins the yeast form of thls organiam in its
tissuea, however the efféct on a normal chiropteran host harbourlng the fungus is
not known. Emmons &t al,, (1966) have shown that K. capsulatum oan grow ln uloers
in the intestinal tract of bats and these Infepted bata odn then contaminate the
anvironment as they migrate to new caves and seed them with thia lungus. However,
the presence or absence of bat or blrd dung in the enviromment does not solely
govern the occurence of #. capsulatum In pature. Other scologleal factors must be
at play since there are many areas throughout the world populated with bats and
pirds that are apparently lCree from

The aptual pole of bats Lln human Histoplasmosis contracted outslde cave
environments is probably limited given the high infection rates chserved in bats
in arsas Wwhere thare sré low rates of human infection (D! Salve et &l., 1969).
However the majority of bat-asscelated cases of human histoplasmosls have been
traced to disorset environments e.g. caves and trees, where exposurs to Tungi
infested soll and guano can be more Llntense (Hoff and Bigler, 1981). The exagt
role of the bat In the epology of H. capsulatum particularcly in Auatralia, remains
uncertaln and additlonal knowledge of the phyalology, migration and othar habits
of bats is essential before It can be determined whether the bat is either a
vector or vietim, or both.
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In Australia, H. capsvlatum has been lsolated from the scil and alr of the
Church Cave at Wee Jasper (Hunt et al., 1984) which ls & recognised nursery site
for the bent-wing bat Niniopterus schreibersii (Dwyer, 1966). M. schreibersii 15
but one of 51 specles belonging to the 19 genera of bats found in Australia and 5
of these genera are the same as those from which #. capsulatum has been previously
isoplated outside Australia (Hoff and Bigler, 1981). Dwyer (1965) has reported
several breeding caves and maternity colonies of M. schrelbersii other than In
Churoh Cave, which have not yet been tested for the presence of

HISTPLASMOSIS IN AUSTRALIA

H. capsulatum has been lsolated 1n Australia on six occasions from patients
showing the signs and symptoms of the chronle or systemie form of histoplasmoais
(Dowe et al., 1953; Inglis and Powell, 1953; Ridley and Nowell, 1959; Murphy and
Rao, 1968; Nicholls et &l., 1980; Guard and Symes, 1981). Fewings et &l., {1970)
also reported a case of chronio histoplasmpsis and subsequentially isclated the
fungus- from the soil of & chicken ocoop in the Mt. Lofty Ranges near Adelalda.

Hunt et al., {1984) iseclated the fungus from the sputum of a cave investigator who
coentracted the acute pulmonary form of the disease and also from the soil and air
of the Church Cave. Chest X-ray Films coupled with the symptoms of acuts
pulmonary histplasmosis were alsc reported by two other investigators from the
Riverina-Murray Inatitute of Higher Eduestion during & T-yesr perlod of
tnveatigation of the Church Cave {(Hunt et al., 18Bb). In 1976, Iablster et al.,
reported that 13 of 16 people who vialted the Church Cave were clinicelly
dlagnosed as having acute pulmonary histoplasmoais although the fungus H.
capsulatum was not lsolated. Also, a survey carried out on 80 speleologista from
Australla and New Zealand showed 25 positive reactlons, Indicating that the lungus
iz present in the loccal envirconment (Frey,19T745),
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A SURVEY DATA REDUCTION PHOORAM AID FOR RADIO DIHECTION FINDING WORK

D.Jd, Martin

Abatract

A computer program that calculates the horizontal distance, magnetic bearing
gnd difference in elevation between the current point on a survey traversze and a
specified end point 1s described. It has been deslgned to assist In the survey
locatlion of surface pointa designated for radio direction finding work in
difficult terrain. The program has been adapted from & conventlonal cave survey
date reduction program and 1s switable for field use on a2 hand held microcomputer,

INTRODUCTITON

Radia Direction Finding (RDF) is & tephnlque that allowa @n underground
point to be located on the surface (see for example Glover, 1976). Normally a
transmlitting ooil ia positioned at the underground point {Peint B in Fig. 1),
Thia coil will produce a magnetie fleld of wvarying strength when fed with &n
osgillating current. IF this ecell 1s poaltioned vertioally the line of force from
the north to the south pole of the transmitter has infinlte curvature and hence
passes through the point directly above it on the surface (Point E in Filg., 1).
This line [a unlque as it 18 the only vertical line of foree produced by the
goil. The osclllating magnetic field will induce a voltage In & recelving coll
which = placed in the lield. If the receiver is turned until its plans 12
parallel to the lines of force 3 null point will be obtalned where there ls no
Iinduced voltage.

The receiving eoil will have logated point E when a null is obtalned for all
recalver orientatlons about a vertlieal axis. At any other locatlon enly one null
point can be obtained when the coil is held vertically, The vertleal plane
gontaining the receiver held In this null pealtion pasaes through polint E. A
triangulation or other similar proceas {5 used to approximately locate point E wvla
a tritangle of error. The accurate locatlen of polpt E can then ‘be made. The
limited range of this type of aquipment would, In some sircumstancss, make 1t
imperative to fierst obtain an approximate surfmpeoe location of the polnt belfore any
RDF work ¢an be started. Thia ¢ould be achieved by surface surveying.

If the coordinstes of the underground point (Point B in Fig. 1) are known
then the equivalent surface polnt (Point E) could be located by surveying from the
cave eptpance or cther known point (Foinmt A). This would be & trial and epror
progcess Lf conventional survey data reductlon methods were used. A programmable
galoulator or hand held miocrocomputer provides a means of eliminating the trial
snd error proceas. A conventlional eave survey data reductlon program (Martin,
1985) can be modified to calwoulate the horizontal distance and magnetic bearing
between a survey statlon and a nominated end point. This paper describes such &
program. The program RDFSURVEY was developed for a partlicular ppplleation in Papua
New Guines where the nature of the karst terralin (grykea, dense reinforest) made
it impossible to Lraverse From points A Lo E on a single bearing.

ROFSURVEY PROORAM DESCRIPTION

The initial data requirsd by the program are the coordinates (eastings,
northings and helghta) of points A and E In Fig. 7. The program then caleulates
the stralght 1line magnetlc bearing and horizontal distance from A to E. Difflcult
terrain may mean that it ia not posaible to follow the bearing caleoulated by the
program, The survey tesm takes the easlest route and the flpat leg of the survey
becomes A to C1, the second €1 to C2 and 30 on.

The survey data lor pach leg 1s entered into the microcomputer as it 1=
aurveyed, At each new survey Btation C the program ecaloulates the straight line
bearing (BRG 1n Fig. 1) and horlzontal distance (HRZ in Fig. 1) from C to E. This
provcass ls repeated until point E Ia reached; the last survey leg wlll be along
the bearing calculated by the program.

In Fig. ' the dashed line with bearing BRO and length HRZ from C terminates
pot at point E but at point D. The program and the survey will Iocate polnt D.
The horizontal dlatance between polnt U {(the end of the aurvey) and point E (the
trus surfape polint ebove B) 1a the total plan misclosure of the survey.
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N c3 Surfage Survey Traverse

RANGE OF RDF
EQUIFMENT

Previously recorded and
paloulated ocave survey

RODF TRIANGLE
OF ERHDR

FLAK

No signal la obtained when recelver eoll ia
VERTICAL LINE rotated about the vertioal Exla

QOF FORCE
Wull point can only be cbtained
-r-ﬂﬂaf'”ﬂﬂrﬂf in one peceiver coll position

ROF RECELIVER

LINES OF FORCE OF
MAGHETIC FIELD

REF TEANSMITTER

VERTICAL SECTION

Flgure 1. The principles of Radio Direction Finding and tha
gurvey lecation of the RDF point on the surface
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The method described rélles on knowing the coordinates of the underground
polnt in guestlon relative to 2 nearby accessible paint. If the orlginal survey
data 1s not avallable the logatlon of the designated point relative to the cave
entrance could be scaled from the cave map.

ROFSURVEY PROGEAM OPEHATION

The program ADFSURVEY (Fig. 2) has been written specifieally for the Caslo
PE-100 but could be easily modified to suit other mlerccomputers with similar
specifications. The PB-100 is programmed In & simplified version of BASIO. With
the memory expansion kit, which this program requires, Lt has 1.5 kBytes of random
accass memory. 1ts dimenaions are 165 mm x 71 'mm x 10 mm and {ts welght is about
120 g. Its small size and long 1ife lithium batteries make it suitable Tor field
use,

A simplified flow chart of program execution ls glven In Fig. 3. Meszsages
(prompta) are displayed whenever a data input is required. Data input prompts are
always Indicated by a gqueatlon mark. An input of elther ¥ or N la requlred to
indicate yes or na ln response to specific questlons. After each set of numeric
data {coordinates or traverse dete) is entered it 12 diaplayed on the the screen.
If a mistake has been made the data may be re-entered by uslng the N optlon at the
OK (¥/N) 7 prompt. This feature I8 nét shown on the flow chart. The command DEFM
52 i858 needed to gllocate sufflcolent memory to varlables.

The Firat data required by the program is: the survey atation labela and
coordinates of the point that has to be located {END STH 7, X' %, ¥ 7 and Z ?
prompta) and the polnt where surveying is to commence (START STH 2, X %, ¥ ¥ end 2
? prompts). The survey statlon labels may be ‘alpha-numeric strings of up to 7
gharacters. An axis offset (AXIS OFFSET 7 prnmpq} may also be specified; thie is
in degrees and is added to all compass bearings, ~ The offset will be zero unless a
compass calibration or the use of & nom magnetsc coordinate system {eg map grid)
ls requlred.

Onoe the start and end coordinates have been entered the horlzontal distance
{HRZ ln program outputs), bearing {BRG) and difference in elevation {(DZ) between
the two polints are caloulated and diaplayed. Traverse data for up tio 15
conseoutive survey legs may then be entered. For each leg the order of data lnput
prompts 1s: MEXT STN 7, TAPE 7, COMP 7 and CLINO 7. WNEXT 8TN refers to the next
new atation in the traverse.” Usuglly this will be the station the surveyor ia
glghting to. In the case of a ba tght when using the leapfrog mebhod it will be
the atatlon the surveyor is sighting“fros. DBackslghts are lndieated by enterifg
TAPE as a negative numbar. The program will then calcpulate the backbearings. "The
prompta COMP 7 and CLINO 7 'refar to compassa Bnd clinometer readings in.degrees.

After the data for each leg has baen entered and verlifled as correct the
distance, bearing and difference in elevation between the current station and the
end atatlion sce calculated and displayed. When data for 1% survey legs has been
entered or LT END Ls entered at the NEXT STN ? prompt each survey statlon and lta
ecordinates may be displayed. This output may be bypassed (PRINT COORDS (Y/N) 7
prompt) or displayed a aecond tlme (PRINT AGRIN (Y¥/N)} ? prompt) I(f desired. Alfter
the epordinates have been displayed the total tape traverse length (LGTH) and
average survey leg length (AY L) for that aet of data are giwven.

Program exescutlon may be ended by entering ¥ a2t the next prompt (END (Y/N)
7). An'N entered here allows more traverae data to be entered; this muast follow on
from the last entered station. The coordinates of this station are automatlically
aaved, The whole program must be re-executed LI the traverse contalns junctlons,

Fig. 4 givea the meanings of the single character varlable names used In the
program. Given the limitations on naming and using #rrays ln Casio BASIC 1t 1s
gasler to use the array A lor ell ecoordlnates and A% for survey statlon labels.

Memory capaclity limits date storage to 15 survey legs. A conventlional cave
purvey dats reductlon program wrltten for the Caails PE-100 can store coordinates
for up to 30 aurvey legs (Martin, 1585). With more memory the program oould be
enhanced to store more coordinates and provide for the pessiblllity of branching
traveraes, Other enhancements which could be used with the PE-100 include the
addition of & printer and a cassette. These, however, mieke lleld use & little
more difficult.

DISCUSSION

Lt the stert of program executlon the user must enter ccordinates for the
end point of the aurvey. ln normal olroumstances the coordinates of point B and
therefore the plan coordinates of point E are known., The elevation of polnt E
will not be known. The program therefore cannot caleulate slope distances and
glinometer resdings to polnt E., It ls suggesated that the elevatlon of point B be
used as the end polnt. The wvalue of DI caleoulsted at each step of the program is
therefore the vartical separatlon between the current survey point and the
ynderground point. In some cases the elevation of point E ecould be detarmined
from a topographical map.
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Both the underground traverse used to determine the RDF polnt's coordlnates
snd the tpaverae ugsed to help lecate this polnt on the surface are subject to the
ysual random and aystematle errors of cave gurveyling. Random errors for & glven
traverse may be determined glven Lraverse length, number of survey legs, average
leg length and survery grade (=ee for example Irwin gnd Stenner, 1975). Surface
surveying can only locate the RDF polint to within the limits of =ceuracy of the
surface and unterground surveys. This would normally be suffioliently accurate Lo
place the RDF receiver In range of the tramsmltter. *

Radie directlon flnding methods locate the surface poink with an agouracy
that t= indepandent of the length of the survey traverse to the undarground
point. Glover {1976) suggests a plan aocuracy of 1 to 2 m at depths up to 100 m
in ideal gonditlens. Bopwlick (pers comm) has reported that null points may be
located with a resolutlon of the order of + D,08 m for deptha up to 30.m. RDF
alsn azllows & determination of the vertical separatlon between the two polinta to
be made via a measurement of the diatance from the vertlcal line pf force to a
point where the angle of the magnetic Field Is known {usually 45 or 90 degrees)
and en appropriate equation. & null peint is obtalned with the receiver held at
the nominated angle, For these reasons RDF L= used to check the acouragy of
conventional cave surveying.

The combination of underground and surface aurveys with the RDF data
gompletes a loop. The distance betwean the and of the surfape survey [(Point D)
and the point located by RDF (Polnt E) may be taken as the plan misclosure of the
survey, There is now sufficient Information avallable to correct the plan of the
cave survey for misclosure, Apart from belng an ald In approximately logating the
HDF point the surlface survey also provides necessary information for correcting
the underground survey.

The vertical mlselosure cannot be determined as accurately due to the
limitations of the RADF depth determinatlon. Olover [(1976) suggests that depth may
be determined to within % m at depths up to 100 m. When the pull point for the
depth determinatlon ls found the yartical plane perpendicular to the receliver must
pass through the vertical line of force. Generally thls geometrle condlitlon must
be judged by eye and soma lnpccuracies will inevitably copur, An indication of
tne vertical misclosurs could be obtalned by determining the expected random error
For the survey in the vertloal direction and by looking at the difference bebwsen
the vertical separations cbtained by ROF and surveyling.

In some clroumstances the surface survey could be parrled out by methods of
more sophistication and greater precision than gonventional cave surveying. The
method and program described here ware designed for use in remobe Sreas containing
difficult topography by pecple familiar with conventlonal surveying tachnlques.

CONCLUSIONS

k program For 8 mlcroocompubter Lo assist with the surface survey lecation of
points designated fop ROE wWork has been degepibed. Apart from providing a me&ans
of bringing the RDF recelver intc the range af the tranamitter it also provides
necessary information for the adjustment of the cave survey for misclosure.

The program may be used for simllar purposaes not related to ADF work without
modification, A surfase feature, for example, may need to be reached [rom
informatlon obtained from sither thpographical maps or aerial photographs. The
mathod would be very useful Tor these purposss ln aress auch as denze ralnforest
whare It 18 difficult to obtaln elther an overview of the landscapa aor ke able to
see where you are headlng. The locatlon of the deslred polnts by surveying from a
known polnt is one way of solving the problem presented by the terraln.
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18@ INFUT "END STH ",;K#%:G=8

118°FOR D=1 TO 2

12@ INPUT "X “,A(Z6+D]

138 INPUT "Y ",A043+0)

14@ INPUT "2 ",A(E88+D1]

15@ SET MN:PRINT "STN " iAs(3+0)

168 SET F1:PRINT "x= "jAL26+0)

178 PRINT "Y= "3A(43+01,"2= "3ALGER+D)
1B@ INFUT "OK [YsHNI ",F%

198 IF F#="N" THEN 128

2B@ IF D=1;INPUT "START STM “.L%
218 NEXT O

228 INPUT "AXIS DFFSET "H

236 FOR D=8 TO 15

248 IF D=8:iA=0:B=0:C=0:E=1:6070 370
258 [NPUT "MEXT 5TN ",A$(11+0]

268 IF As(11+D1="END" THEN 430

27@ INPUT "TAPE ".fu "CBMP ";B, "CLINO ",C
28@ SET H:iPRINT "TD STHN "jA%L11+D]
23@ SET FL:PRINT "TAPE= "iA

38@ FPRINT "COMP= "3B, “"CLINO= “;C:EET N
318 INPUT "OK {YsN] "yF%

328 [F F&="HN" THEN 238

338 JF A>@ THEN 368

34@ A=-AiB=B+18B@:iC=-C

358 [F B>366;B=B-3682

368 B=B+H:G=G+A:E=0

370 ACZ28+E)=n(Z7+E1+A%CDS Cx5[N B
3E@ Al4S5+E)=Al94-EJ+AXCDS CxLOS B
300 ACBZ+EI=A(B1+EI+AXSIN C

480 I=AC(27)-AL2B+E) tJ=AC44)-AL45+E)
418 A=(1*I+J%J7%8.5

4280 B=ATHN(I-J1:C=ATB2+E1-ALRB1]

430 IF J<@;iB=B+1802:G0T0O 43

448 [F 1<BB=B+360

458 PRINT "FROM ";A&011+0),"T7TO0 "jK%
46@ SET FI1iPRINT “HRE2= "3

A7 PRINT "BRG= "3iB-H,"DZ= "iC

488 NEXT O

438 INPUT "PRINT COORDS [YsH] “.F8
Se IF Fe="N" THEN 588

51@ FOR D=8 TO E

528 SET MNIPRINT "STN " ;A$C]1+0]

S3@ SET F1:PRINT "H= "j;A(28+0)

548 PRINT "Y= “3jA(45+0],"2= " jALBZ+0)
358 NEXT O

SE@ [NPUT "PRINT AGAIN (Y/N]1 ", F*%
o8 [F F&="Y" THEMW 518

58@ PRINT "LGTH= "jG,"AU L= ",G-/EiG=0
598 TNRUT “EMD [YsN) “,F%

ERR IF F$="T";3END

Bl@ Ls=nAs{ll+E]:R{28I=ACZ2B+E]

BZ8 AC43)=RAL444E] :ALBZ]=A(B24+E]

B30 GOTO 238

6548 END

Flgure 2. Program Listlng for the CASIO FB-100 Program RDFSURVEY



1 START }
[

~ IwpuT

END STATION
AND COCRDS

INPUT
START STH
AND COORDS

INPUT
AXIS OFFSET

CALCULATE
HRZ, BRG, D2
FOR' START TO
END S5THNS

DISPLAY
HRE, BRG, D2

Figure 3.
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END

INFUT
NEXT STM

" mpuT

TAPE, COMP
AND CLINO

'END"

CALCULATE
COORDS AND
HRZ, BRG, DZ

FOR NEXT
STN TO END

IF NEXT STN =

4

DISPLAY
HHZ, BAG, DI

AFTER 15
STATIONS

PHINT
COORDS (E/N}2

DISPLAY
STATIONS
AND COORDS

DISPLAY
LENGTH
AV LEG

END {Y/N)R

Simplified Program Flow Chart for RDPSURVEY

L5 = R3(1l}
AS{12) to-ASiE6)
ALZT)

AlZa]

Al29) ta Al47)
Ald4)

AL45)

Al45) to AlEQ)
ALBL)

A{GRY

AlB3)

REDFSURVEY Program Varlable Assignments.

BTART SURVEY SITATTON
SURVEY STATION LABELS
EXO ETATION EASTING
BTARAT STATION EARSTING
SURVEY ETATION EASTINGS
FHD STATION NORTHING
START STATION NORTHING
SURVEY GTATION NORTHINGS
END STATION HEIGHT
START STATION HEIGHT
BURVEY STATION HEIGHTS



LETTER
DYKES AND CAVE DEVELOPMENT AT COLONG CAVES, NEW SOUTH WALES

The maln cave system at Colong Caves, with an aggregated passage length of
about € km 1s developed over a atrike length of about 1 km within a large body of
massiv- Silurian limestone bounded by Caves Cresk on the north and by Lannigans
Creek on the south and west.

The limestone has & well develaped north-south vertlsoal cleavage which has
controlled cave development.

The cave is divisible morphologically into two distinct sections (Fig: 1).

The northern section extending From the entrances to the Amber Cave consists
of a series of roughly parsllel strike econtrolled passages &t different levels and
Includes active stream passages. In three places, near the antrances, in the
Kings Cross-Maze region, and at the end of the northern szection in the Amber
Cave-Landslide srea the cave becomes more complex and exhlbits distinct east-west
development.

The southarn section, from the Amber Cave to the end of the cave in the Far
Chamber of Woofs Cavern has more complex development, lacking the almple elongate
passageways found In the northern section.

Comparlson of cave maps with the surface topography dndicated that the
boundary between these two sections of the cave colncides with a prominent
gast-west rift in the limestone (Flg. 2). Ilnveatigatlion of the rift ashowed It to
be the surface expression of a 1.5 m wide highly sltered basi® dyke. Other
smaller dykes are alsc exposed on the top of the outerop.

Dykes have not been previously reported In Colong Caves and the coineldence
of the large dyke with the change In cave morphology at the Amber Cave sugggested
that dykes might be an Important influence: on the development of the cave.

A preliminary investigation, on which this note is based, has revealed that
dykes have exercised significant control over the development of Colong Caves,
Three. dykes, the largest belng betwesen 0.5 m &and 1 m thiock, were fdentified in
the Amber Cave area (Fig. 3).

The first and largest dyke 1s exposed 1n the north western wall and roaf of
the Amber Cave and the wall of the Sharks Mouth Cave. It strikes towards, and ia
exposed in, small slde pasaages near the Landslide Cavern. This large area of
collapse ls probably related te the Intersectlion of the dyke wlth the western
boundary of the limestone.

The second dyke has eontrolled the development of The Cleft.

The relatlenship between dykes and cave development is well i{llustrated by
the third and smallest dyke exposed in the Low Tunnel. Here 2 dyke 270 mm thick
(Flg. 4) has, at flrat, blooked the passage of water through the limestone,
resulting in the development of B passage along the upstream face of the dyke.
Eventually the dyke was breached and cave development epontinued along the strike
of the prominent oleavage.

Other dykes are found at the end of the Terraces Cave, 1n the Hookfall
Chamber near Woofg Cavern and in & river passage below Kings Cross. The dyke near
Kings Cross la only 100 mm thick and rather than inhlblting cave development it
has provided a plane of weakness along whioh the limestone could be dissolved.
Only & tiny fragment of thls dyke remalns (Flg. 5).

A detsiled examination of the cave, locating and mepplng all the dykes, will
Erestly assist understanding of its morphology, hydrolegy and developmant.

The author would like to thank M. Scott, V.Jd. Morand, and A. Skea for their
assistance in the field, the Director, Netional Parks and Wildlife Service for
permiasion to undertake research ln Kanangra-Boyd Natlonmal Park, and M.G. Heoppell
for use of unpublished ceve maps.

R.A.L, Osborne

Department of Ceology and Geophysica,
University of Sydney,

N.5.W. 2006,

Australia
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Figure 1. Simplified map of the main Colong Cave system. A, Lower Entrances;
B, Upper Entrance: ©, Location of dyke near Eings Cross (Flgure 3)j
p-p' Boundary betwsen northern and southern sections of the cave;
E, Location of dyke near Woofs Cavern, Base map courtesy M.G. Hoopell.
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Figure 2. Enlarged sgir photo Flgure 1. Sketch map showing dykes in the
of the Colong Limestone out- Amber Cave section of Colong Caves. A, Low
crop showing prominent east- Tonnel to Kings Cross; B, Terraces Cave to
west rift. A, Caves Creek; Einge Cross; C, The Cleft; D; Amber Cave;
B, Rift; C, Lannigans Creek. E, Sharks Mouth Cavea.

Cave system runs approximately
Mot

betwesn "A" and "C"., Scale
bar = 500m.

Figure 4. Outcrop of dyke in the Low Figure 5. Remnant of thin dyke below
Tunnel (most northerly dyke in Flgure Kings Cross ("C" Ln Figure 1). HNote
3}. Kote how the side passage has cave development along dyke. Hand lens
developed along the upstream face of 7 Dmm.

the dvke.
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ERRATA

D.J. Martin. Mechanical testing and evaluation of screw-links.
Helictite 21 (1), 1983,

page 22, Table 1, 520 should read 260
320 should read 160
640 should read 320
B70 should read 435
310 should read 155
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