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A Pleistocene lava tube cave in southeast Oregon has
a seasonaily fluctuating lake occupying the last 1200 to
2000 feet., Three endemhg@invertebrate species inhabit the

lake: Kenkia rynchida Hyman; Asellus sp.3 and Stygobromus

hubbsi Shoemaker, Little is knowvn however, about their en-
vironment,
The purpose of this study was to describe various

physical and chemicsl parameters of Malheur Cave lake,



Parameters studied include: dissolved oxygen; pH; total
alkalinity; Ne, K, Ca, Mg, As and Hg concentrations; water
temperatures; water level fluctuations and turbidity;
plankton content; and geothermometry. A food chain is
hypothesized for the endemic invertebrate species, Data
was collected monthly, excluding March 1975, from November
1974 through June 1975 at six stations on the lake.
Malheur Cave Lake has a low biological oxygen demand,
is circumneutral in pH, and low in ion concentrations, No
thermocline exists, and the lake is homeothermic regard-
less of changing epigean ambient temperatures. Geothermal
activity maintains homeothermy and a temporal constant
water temperature of approximately 16°C, The lzke, with
its three endemic invertebrate species, is essentially an

island, with a high degree of stability.
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MATERIALS AND METHODS

In general, data on the lake were collected monthly,
excluding March 1975, from November 1974 through June 1975.
Six stations were designated on the lake at 200 ft intervals
by yellow tags placed on the North wall of the cave; with
the first station 1800 ft from the entrance. At each sta-
tion, dissolved oxygen was recorded at 1.0 and 6.0 ft depths
with a Yellow Springs Model 51A Dissolved Oxygen Meter, and
pH was recorded with a Corning Model 6 Field pH Meter. Sur~
face and bottom water samples were collected in polyethylene
cubitainers for ion analysis. No bottom water samples were
obtained in April, May, or Jurne, Weter turbidity was ob-
served at the 2000 ft mark, utilizing & six~volt headlamp
directed perpendicular to the water for illumination, and
yellow tape placed on the dissolved oxygen probe at 1.0 ft
intervals., A water guage was placed at the 1760 ft mark
November 29 to measure vertical water rise, The water on
this date was the lowest observed during the study and was
arbitrarily set a2t 0,00, Benthos samples were collected in
November znd May with an Eckman Dredge for examination of
plankton content. The dredge material was diluted to 1 liter
with distilled water, and two 100 ml aliquots were filtered
with 0,45 micron membrsne filters (type HA Millipore) and

exzmined microscopically at 400 x. Two weater samples from
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throughout the study. The range of K concentrations during
the study was from 2.6 to 3.6 ppm, Calcium concentrations
showed no general increase during the study, with a range
from 9.0 to 10.4 ppm. Magnesium concentrations showed a
general increase from December through June, with a range

from 2.2 to 3.1 ppm.
VI WATER TEMPERATURES

Surface and bottom temperatures recorded during the
study varied a maximum of 1.1%, Slight decreases in temp-
erature at both surface and bottom occurred from January
through May (Table V). June surface temperatures showed a
slight increase. During the study, maximum surface and bot-
tom femperatures were 16.8 and 16.1°C respectively. Minimum
surface and bottom temperatures were 16,0 and 15.0% respec-
tively. Maximum fluctuation for any one station and month
was 0.8°C.

ViI WATER LEVELS
AND TURBIDITY

December, January, and April water gauge data showed
the largest influx of water into the lake (Table VI). Feb~
ruary and May increases were slight., Data recorded May 14
and May 23 show the peak water level for the study. The
water reached its highest level early in May, peaking at or
near May 14, dropping slightly the latter part of May, and

dropping significently during June, Total vertical water
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rise observed was 3.0 ft, while the distance from the cave
entrance to the lakeshore decreased a total of 725 ft, from
1750 ft to 1025 ft down-tube (Table VI),

In November, with a depth of 8,0 ft at the 2000 ft
mark, the bottom was clearly visible (Table VI). TFrom De-~
cember through April, with depths from 8.65 to 10,70 ft,
visibility was approximately 2,0 ft. From May 14 through
June, with depths from 10,95 to 9.85 ft, the bottom was clear-~
ly visiblé again, |

VIII ESTIMATED MINIMUM THERMAL
RESERVOIR TEMPERATURES
(GEOTHERMOMETRY )

The température of Malheur Cave Lake was relatively
constant during the study (Table V), and higher than region=~
al mean ambient temperaturés of approximately 8.0°C (Water
Information Center, 1974). The high, consistent temperatures
suggest geothermal activity.

Data for most geothermal waters cluster near a straight
line when plotted as the function log(Na/X) +-ﬁ10g6/5§/Na)
versus reciprocal of absolute temperature, where ﬁ is either
1/3 or 4/3 depending upon whether the water calibrates sbove
or below 100°C (Fournier and Truesdell, 1973),

Data for Malheur Cave Lake (Table VII and Figure 1)
calibrated below 100°C, hence B = 4/3. The estimated minimum

thermal reservoir temperature was 75%¢C,




DISCUSSION AND CONCLUSIONS

The dissolved oxygen levels of Malheur Cave Lake indi-
cate little demand is placed on the oxygen in the water by
biological activity and/or waste material, The rise in dis-
solved oxygen levels coincides with the inflﬁx of water, but
there appears to be no solid explanation to account for the
increase, It is assumed that no significant fluctuations in
atmospheric pressure occurred, the temperature of the lake is
relatively constant, and reactions occurringin the surround-
ing rock would not account for the higher levels.

The pH changes in the lake coincide with water influx.
The entire soil region of the cave is characterized as alka-
line, and it is believed the surrounding basaltic rock con-
tributes carbonate species to the lake, raising the pH.

The pH levels of the lake are not uncommon for waters in the
area, and similar to tested regional geothermal springs (Mar-
iner et, al., 1974).

. The water levels of Malheur Cave Lake vary seasonally,
with a lag period relative to regional precipitation. A
specific water source for the lake would be unfeasible to
hypothesize, since arid region groundwater exhibits a great
deal of lateral movemert, but it is believed that Malheur
Cave intersects the groundwater table(Longwell,Flint,Sanders,

1969), A reservoir, constructed during the 1940's, is locat-
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ed approximately 1/4 mile North of the cave, and could con-

tribute water to the cave lake. However, 2 water gauge

placed in the reservoir showed no correlation between water
levels in the cave and reservoir, ZExtensive ceiling drip

is present above the lake portion of the cave, but would not
account for the large influx of water. The cave entrance
does contribute a small amount of water to the lake through
a small stream which, during February through April, did
reach the lakeshore,

Vater entering the lake appears to’do so through the
floor and/or walls beneath the water level. The presence of
a geothermal reservoir at some depth beneath the tube offers
support to this contention. During 2 period of rapid water
influx into the cave lake, one would expect a cooling and
equilibration of water temperatures. However, as the data
illustrate, the temperature of the lake remains relatively
constant, This can only be due to the presence of a geo-
thermal source at some depth, and a characteristic movement
of water to the lake, Water movement into the cave lake
most likely follows a downward and/or lateral percolation
to the geothermal source, upon which it is heated and subse-
quently moves upward into the cave. This pattern of move-
ment would zccount not 6n1y for the stable water temperatures,
but also the obeerved turbidity, which results from bottom
sediment disturbance, |

In determining thermal reservoir temperatures, there

~are five basic assﬁmptions which should be enumerated:
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(1) Temperature dependent reactions occur at depth; (2) There
is ean adequate supply of the constituents that are used as a
basis for geotherﬁometry; (3) Water-rock equilibrium occurs
at reservoir temperature; (4) There is negligible re~equilibe-
rium at lower temperatures as the water flows from the reser-
voir to the surface; (5) There is no dilution or mixing of
the hot water coming from depth with shallow water, With the
possible exception of (4) and (5), the basic assumptions
probably apply to Malheur Cave. It is feasible, due to the
temperature of the cave lake relative to the estimated ther-~
mal reservoir temperature, that dilution of the hot water and
re~equilibration at lower temperatures occurs as the water
flows from the reservoir to the surface, If indeed a dilu~
tion and re-~equilibration is occurring between the thermal
reservoir and cave lake, the estimated temperature for the
geothermal reservoir of Malheur Cave Lake (75°C) would be much
higher. If no dilution and/or re-equilibration occurs, the
estimated geothermal reservoir temperature may be accurate,
and the geothermal source may be "wesk",

The concentrations of Na, K, Ca, and Mg in the lake are
low compared to regional geothermal springs, but possible
contributing sources are limited due to non-exposure of the
lake to the surface, Sodium is the principal cation, which
correlates with tested regional geothermal springs (Mariner
et, al,, 1974). Arsenic and Mercury, often associated with
geothermal waters, were found in minute concentrations in the

“lake, The amount of mixing that could occur between the geo~
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thermal source and the lake by other waters may contribute to
the low values, »

It is hypothesized that the three endemic invertebrate
species occupying the lake have a detritus food chain, Re=-
duced carbon sources could include: organic debris contrib-
uted through human activity, such as wood planks, garbage of
various sorts; bacterial and fungal types, referred to as
fcave slime" and "moon milk", present on the walls in the
region of the lake; and dead invertebrate material, The in~
vertebrates are probably low in population and metabolic ac-
tivity, as is common with troglobitic species (Poulson and
White, 1970), such that a large demand for nutrients may not
exist., It appears that many of the parameters studied coin-
cide with and support data on the environment of endemic
cave species, that is: the pH is at or above neutral, the
temperature is relatively constant, and the water is "clean"
or "good", referring to high dissolved oxygen levels, Such
is the environment of Malheur Cave Iake,

In conclusion, Malheur Cave Lake has a low biological
oxygen demand, is circumneutral in pH, and low in ion concen-—
trations., No thermocline exiéts, and the lake is homeotherm-
ic regardless of changing epigean ambient temperatures., Geo-
thermal activity maintains homeothermy and a temporal con-
stant Qater temperature. The lake, with its three endemic
invertebrate spécies, is essentially an island, with a high

degree of stability.













TABLE 1V

VARIOUS ION CONCENTRATIONS OF
MALHEUR CAVE LAKE

ION CONC. (ppm) I0N CONC, (ppm)

DATE SAMPLE Na K Ca Mg DATE SAMPLE Na K Ca Mg
1800-s 40.4 2,7 9,0 2.3 2200-s 40.2 2,7 9.8 2.6

1800-b 39.8 2,7 10,0 2,2 ‘ 2200-b 43,6 2,8 10,0 2.8

2000-s  39.5 2,7 1:0.3 2,2 2400-s 41,0 2.7 9.6 2.6

2000-b 40,3 2,7 9.8 2,2 31 December 2400-b 44,0 2,8 10,0 2.7

(cont.)

2200-s  39.9 2.7 9.9 2,2 2600-s 41,2 2,7 9.8 2.6

29 November 2200-b 41,0 2.7 9.8 2.3 2600-b 42,0 2,7 10.1 2,7
2400-s 39,7 2,7 9,6 2.5 2800-s 41,8 2,7 9.8 2,6

2400-b 40,0 2.7 9.8 2,4 2800~-b 42,8 2.7 10,0 2.7

2600~-s 39,8 2,7 9.5 2.4 1800-s 45,0 2,9 9.6 2.8

2600-b 40.2 2,6 9.5 2.4 2000-s 45,0 3,0 9.7 2.8

2800-s 39.8 2,7 9.6 2.3 2000-b 46.6 3,0 9,7 2.9

2800-b 40,3 2.7 9.4 2.4 31 January 2200~s 43.8 2.9 9.5 2.6

1800-s 42,3 2,7 10,0 2.4 2200~b 47.1 3.2 10.1 3.1

31 December 2000~-s 42,3 2,7 10.0 2,6 2400-s 44,0 3,0 9.2 2.7
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- JON CONC. (ppm)

TABLE IV - CONTINUED

DATE SAMPLE "Na K Ca Mg
2600-s 42,5 2.8 9.5 2.6
31 January 2600~b 47.0 3.6 10.3 3.1
(cont.)
2800-s  45.3 3.0 9.5 2.9
2800-b 46,5 3,4 9.6 3.1
1800-s 46.1 3,1 9.5 3.0
2000-s  45.2 3.1 9.8 2.8
2000-b  47.5 3.2 10.4 3.0
2200-s 45,0 3.0 10.0 2,7
2200-b 46,4 3,2 10.0 3,0
22 February 2400~s 42,7 3.0 9.5 2,5
2400-b 46,4 3.1 9.9 2,9
2600-s  45.7 3.0 10,0 3.0
2600-b  47.5 3.2 10.0 3.0
2800-s 46,1 3.0 10,0 2.8
2800-b _ 46.6 3,1 10,1 2,9
26 April 1800~s 45,4 3,1 10,0 2,9

ION CONC. (ppm)

DATE SAMPLE "Na K Ca_ Mg
2000-s  45.6 3.1 10.0 2.8
2200-s 44,8 3.1 10.0 2,7
26 April 2400-s  46.0 3,1 10.0 3,0
(cont,)
2600-s 45,6 3.0 10.1 2.9
2800~s 45,7 3.1 10.1 2.9
2000-s  45.4 3.0 10.1 2.8
2200~s  45.0 3.1 10.2 2.9
23 May 2400-s 44,8 3,0 9.8 2,9
2600-s 45,4 3,0 9.5 2,9
2800-s 46,0 3.1 10.1 3.0
1800~s  43.5 3.0 9.7 2,7
2000-s  43.6 3.0 9.5 2.8
14 June 2200~s 43,3 3,0 9.6 2,7
2400-s  43.0 3.0 9,8 2,6
2600-s 42,8 3,0 9.8 2,5
2800-s  43.8 3.0 9.9 2.7

L



DATE

TABIE V

WATER TEMPERATURES IN °¢
OF MAIHEUR CAVE LAKE

LAKE STATIONS

18

31 December
31 January
22 Februarj
26 April

2% May

14 June

b 2200 2500 2800

SURFACE BOTTOM _SURFACE BOTTOM _SURFACE BCTTONM
16,8 16,1 16.8 16,0 16,8 16,1
16,0 15,2 16.0 15,1 16.0 16,0
16.0 15.0 16.0 15.1 16.0 16,0
16.0 15,0 16,0 15,0 16,0 15,5
16.0 15,0 16.0 15.0 16.0  15.0
16.6 15,0 16.5 15.0 16.5 15.0
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TABLE VI

WATER ILEVEL OF MATHEUR CAVE LAKE
RELATIVE TO ZERO POINT ON GAUGE,
AL, DISTANCES MEASURED IN FEET

LEVEL CHANGE
GAUGE TRELATIVE TO CUMU- DISTANCE TO

DATE IEVEL LAST LEVEL LATIVE TLAKESHORE WATER
29 November 0,60 0.00 0.00 1750 clear
31 December 1,25 +0,65 0.65 1475 turbid
31 January 2.20 +1.05 1.70 1300 turbid
22 February 2.45 +0.25 1.95 1050 turbid
26 April 3.25 +0,80 2.75 1030 turbid
14 ﬁay .50 +0,25 3,00 1025 clear
2% May 3.30 -0,20 2.80 1035 clear
14 June 2.40 ~0.%0 1.70 1060 clear
.28 June 2.20 ~0,20 1.50 1300 clear




TABLE VII

DATA FOR GEOTHERMOMETRY
LOG K¥*= LOG(Na/K)-fﬁlﬁG(/Ca/Na)

ION CONC, (MOLALITY)

20

MONTH Ta X Cz___ I{(N2/X) L(/Ca/Na) I0G K*
Nov. .001732 ,000069 .000295 1,39967 .95995  2.67960
Dec, .001818 ,000069 ,000295 1,42062  .93892  2,67251
Jan, .001849 ,000072 ,000237 1.40960  .92044  2,63685
Feb, .002067 ,000082 ,000249 1,40140 ,88315 2,57893
Apr. .001949 ,000079 ,000249 1,39217  .90870 2.60371
May .001958 ,000079 ,000254 1.%9140 ,91089  2.60860
June .001906 ,000077 .000247 1,39358  ,91619 2,61508
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APPENDIX I
TAXONOMY OF ENDEMIC INVERTEBRATE SPECIES

Platyhelminthes
Turbellaria
Tricladida
Planariidae

Kenkia rynchida Hyman, 1937

This, the only species in the genus, is known only
from the type locality, Malheur Cave, Harney County,

Oregon,
PHYLUM: Arthropoda
CLASS : Crustacea
ORDER : 1Isopoda
FAMILY: Asellidze

Asellus sp.

is species, as yet unidentified, collected from

Malheur Cave, Harney County, Oregon,

PHYTUM
CLASS
ORDER
FAMILY:

.0

Arthropoda
Crustacea
Amphipoda
Gammaridae

Stygobromus hubbsi Shoemaker, 1942

The species is known only from the type locality,
Malheur Cave, Harney County, Oregon,
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