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ABSTRACT -- The alow, ~emperature-sensltlve, 
acl':1--eatalyzed hydrolysis. ofsucro.s~ solutions 
(PaUmann n1ethQ<!) was employed to mea~ure average 
sub-sUrface temperatures over a period of ; 
JOJ days in the area of the Idaho Great Rift. 
Temperatures tend to increa.se to the south-

e west ,away from' the Rift "and towards the 
edge of the Snake River Plain where there 
is considerabl~ ma~ifestatlon: of geothermal 
actlvity~The data from~~is preliminary 
work indicate that the ..ethQd should be 
carefully studIed for po~sib~e application, 
in geothermal prosped,ing. 

Locating regions for exploratory geotherma.lpros­
pecting, including deep drilling, would be facilita­
ted by an inexpensive method of accurate shallow 

1/ This work was primarily supported by a granl 
from the Craters of the Moon Natural History 
Association. 
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temperature determi~ations pver large areas. A 
number of geothermal prospecting methOds hav~ been 
attempted but have met with limited success. Ground 
water analysis, for example, is seriously limited 
by uncert.ainties in water flow rates and consequent 
varying contact times with different. geochemical 
environments. Heat flow measurements, though show..; 
ing promiso, require drilling of cased wells and 
will probably prove prohibitively expensive for 
large-scale exploration. Instantaneous surface 
temperature measurement, aerial infrared mapping, 
and satellite surface temperature measurement have, 
also proven unreliable since any measurement of this 
kind is sUhject to short.-terlll temperature fluctuations 
resulting from variations in solar heating, vegeta­
-\.10n cover, moisture collection, and evaporation. 

Meaningful shallow areal tempera1;ure distribu­
tions require measurements integrated over an ' 
extended period of time in order to average out 
the short-term fluctuations. We have carried out 
a preliminary feasibility study of such a methOd 
based upon the slow acidic, hydrolysis of sucrose, 
samples•. 'fhis temperature measurement techniq.ue 
was originally develope~hyPallmanh, el:.,al. (1940) 
and was later l1tilized to moasure enviro~tal . 
temperatures by 0'Brien (1971). The .method takes 
advantage of the fact that the extent of a chemical 
reaction depends upon the temperature of the reaction 
mixture. Samples of acidified sucrose solutions 
placed a few feet underground and left for a period 
of months can subsequently be analyzed and the 
extent to which 'the react.ion has proceeded be as­
certained. The extent of the reaction is an ·iOOi­
cation of the temperature of .the environment of 
the sample averaged over the entire tIme that the 
sample was left underground. This system is capable 
of measurAng average temperat.ure differences of 
about 0.1 c. 

GENERAL GEOLOOY ao' THE AREA 

The Snake River Plain, about 560 km long and 
80-100 km wide, is a basalt plateau, curving 1n a 
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great a.rc across the southern part of the state. 
Extending northwest across the eastern part of the 
plaln~s a 100 km long f1ssu~ zone known as the 
Idaho RiftSystem (Prinz 1970). At the northwest 
end of the northernmost rift set lies the Great 
Rift which is partly wi~hin Craters of the Moon 
National Monument. Volcanic ma.terial there,the 
youngest on the Snake nfverPlain, has been dated 
by tree rings at about 1650 years B.P. (Stearns 196J) • 
Other material there has been dated at about 2000 
years B.P. (Bullard 1971). In the monUlne'n~ area, 
the volcanic ma.,terial is very fresh, wlthou~ sol1 
or much vegetat1orf~ Away from this yOWlg material, 
a variable thickness of loess covers the older flows. 
This loess is at least 1.2 meters thick where sam­
pIes were placed, but is almost entirely lacking 
in 'scattered are~s where basalts are at the surface. 

Several di ffererlt ideas concerning the origin of 
the Snake River Plaln i~cludedownwarping, down­
faulting, and rifting, ~rhaps associated with 
plate motlon.Whateveritsorigin, one can conclude 
that it is a fairly young geologic feature on the 
basis Qf its paleo~otany (Axelrod 1968), recency of 
the volca.rd.cs (at least locally), a.nd the presence 
of hot water: atyarlousplaces on the plain. Because 
of the probability of at least local high heat flow 
on the plain,arid, il)terest,-n :rapid, inexpensive 
geothermal prospecting, it seemed appropriate to 
test the Pallmann method aa a geothermal prospecting 
tool in an area where variation of heat flow could 
be reasonably expected. 

, SAMPLE DISTRIBlITt00 
\ 

The following assumptions formed a basis for the 
experimental plan. (1) a heat source beneath the 
Snake River Plain is suggested ~ yOWlg volcanics 
on the, plain, (2) the center of this heat source 
underlies the Great Rift, the site with the most 
recent volcanic eruptions on the plain, (J) Shallow 
temperature measurements (about 1.2 meters) might 
reflect this heat source, and (4) temperatures should 
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FIG. 1. Sample area in south central Idaho. Solid 
bold lines indicate region boundaries. Sample 

rlocations are shown as small circles. Grid scale! " 
~_division = I mile (1.6 km). Inset ~hows map of
 
Idaho with Snake River Plaln indicated by a con­

tinuous outline and faults by irregular lines.
 
Sample area is shown as a rectangle withi~ the
 
inset map.
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decrease away from the rift. 

Based on these assumptions. thirty samples were 
placed inside the Craters of the Moon National Monu­
ment. spaced over a distance of 4 km along the 
Great Rift (Fig. 1), and buried to a depth of 1.J 
meters in cinders. An add~tiona1 150 samples were 
placed along "art irregular 40 km traverse that runs 
generally SSW from the NW trending Great Rift. These 
samples we~e buried at an average depth of 1.2 ± ".1 
meters in loess •.," 

Sample boles were bored with a two-man gaso1ine­
powered auger. PVC pipes 1.5 m longand J.8 cm 
inside diameter were used as sample containers. 

SOIL SURFACE/
-------~--II I..-~--------'----

v
 
3.8 
~ 

CM 

SAMPLE
 

FIG. 2. Polyvinyl chloride (PVC) pipe sample stake 
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Each pipe was partially closed and sharpened to a 
point o.t one end, with Qpenings near the sample to 
.permi t free pa13Sl\ge of moisture (Fig. 2) • After 
all hi!)les were dug and pipes implanted, sediment 
was packed into the space around the pipes until 
they restnd firmly in place •. The samples wore then 
placed in the pipes and the. pipes filled with soil. 

Sampling problems ;;llong the traverse normal to 
the rift included those of access, necessitating 
the irregular plan of sample 10caUons (see Fig. 1), 
and impregnable hardpan or lava flows less than 1..2 
meters below the surface, accounting for a variation 
in sample depth up to 0.2 meters. 

PROCEDURE 

'remperature me:;Lsurem$nts were made using a 
modification of th~ method glven by Schmitz and 
Volkert (1959) as described by O'Brien (1971). 
Optical rotation angles measured with precisiono .. . . 0
of t 0.01 , were taken at 25.0 ~. 0.1 C with a 
Carl Zeiss 77677 polarimel:.er using a 1 dm thermo­
stated cell at a wavelength of 546.1 nm. In order 
to prevent bacterial deco)llposit~on of the sucrose 
solutions, all equipment and capsules were autoclaved 
prior to being used in preParing the original solu­
tion. In additlon, the sugar, salt, and sodium 
citrate were exposed to ultraviolet light for 
fifteen mlnutes, and the water was double distilled, 
boiled, sealed, and allowed to cool. 

All samples werc prepared from a single solution. 
The 0.750 glml buffered sucrqse solution was obtained 
by mixing 4500 g of sucr05e,62.6 g of sodium citrate, 
29.9 ml of 12 F hydrochloric acid, and 900 g of
 
sodium chloride (to prevent freezing) in a six-litar
 
volumetric flask •. Sterilized water was poured into
 
the flask until the flask was half filled. Suffi ­

cient formaldehyde was added to bring its concen­

tration to 0.1)% as an additional precaution against
 
bacterial decomposition. The solution was stirred
 
consta>ntly and small portions of 1oIate1.' 1oIe1.'e added
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periodically for four days until all of the solid 
material was dissolved. The resulting clear solu­
tion had a lit of J.7 an"- a specific rotation of 
+7J.2Jo. 

Individual samples were prepared by filling 
20 ml Beckman Poly QII vials and freezing the 
solution immediately. To ensure that the capsules 
would not leak, Teflon tape was wrapped around the 
threads of each vial. In order to allow the samples 
to be placed In the ground in the shorLest possible 
time, the holes were drilled and all of the sample 
stakes were put in place before the samples were 
taken into the field. The samples, stored in dry 
ice, were then emplaced. A total of three days 
was required to distribute the samples, while their 
recovery required two days, all samples, therefore" 
were left underground for JOJ * 2 days. 

As each sample was recovered, it was immediately 
refrozen in dry ice until analysis could be carried 
out. !twas found that ~ few samples had obviously 
deteriorated despite our precautions, and these were 
discarded. Some samples were also lost during road 
edge maintenance and through other causes. 

In the laboratory, the capsules were removed 
from the freezer three at a time and left at room 
temperature for approximately thirty m,inutes,to 
warm. 'After each sample had thawed, a small portion 
was used to rinse the thermostated polarimeter tube~ 
while the remainder was used to determlne the opti ­
cal 'rotation. Only a few minutes were required for 

;	 each l!IDlJution to equilibrate after being poured into 
the tube. Flve readings were taken and the average 
was recorded as the observed rotation,of the sample. 

The observed optical rotation is related to the 
specific rotation ~ the relationship 

(1) 

where (a]~6 is the specific rotation at 250 C and 
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546 rim, a i.s the observed rotation, 9 is the sucrose 
concentration in glml, and 1 is lhe Sample path . 
length 1n dm. ConversIon of the specific rotation 
to mean ~emperature can be accomplished by use of 
the relat.ionship given by Schmitz and Volkert' '(19.59)1 

(2) 

where 'I' in the temperature in degrees Kelvin, t is 
the Ume 10 days, Hi is the in1tidspocifio rot,ation, 
R is th~ specific rotation at time t,. and R is thet c
specific rotation upon completion of the reacLion. 
The constant a is the Arrhenius activation energy of 
thereacUon divided by 2.30) n where R is the gas 
law constant. 1'he constant b is related to the· Arr­
henius preexponenUal term and is concentration de­
pendent. 

Actual temperatures were not needed in this
 
study, and indeed an average temperature value inte­

grated over many months would have no apparent sci~
 
entific North. We therefore report our results
 
slmply as observed rotation values which are a
 
function of the 10llg-term time -averaged subsurface
 
temperature environments of the samples. .
 

. RESULTS 

To lacliltatetreatment of th~data, the sample 
area was divided ~nto five geographic regions, 
arra.nged in the general direct~on SSW "',0 NNE, Region 
I being the southernmost. A map of the area shaking 
the boulld~rles of the regions is shown in Fig. 1. 

. 'fhe Craters of the Moon National Monument comprised 
Reg10n5. Region J was further subdivided into 
three subregions, arranged in an east-weat orienta­
tion, Region JA being the easternmost. The means 
of the rotatIon values of the samples within each 
of thereglons are glven in Tablo1. "Since some 
sample spoilage had occurred, samples with obvious 
contamination were discardell and the data from each 
region were tested according to Chauvenet's criterion 
in order to statistically lsolate particularly 
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TABLE 1. Average observed optical rotation valuos of 
112 sucrose samples after 30) days underground. 
The lower the, l'otatlon angle, the higher the a.verage 
temperature. Region locations are shown in Fig. 1. 

Region Avg rotati~n 
angle 

staOdard 
deviation 

num~ 
samples 

1 51.51 0.52 9 
? 52.62 0.62 18 
) 52.77 0.69 26 
4 53.47 0.39 40 
5 53.79 0.51 19 

)A 5).26 0.25 1) 
3B 
)C 

52.8{ 
51.83 

0.)1 
0.72 

8 
6 

deviant'samples. The latter test resulted in the 
elimination of only six sa~ples from,the entire set 
of data before final means and standard deviations 
were computed. 

The data in Table I can be related to temperature 
diff~rences by noting that B larger rotation angle 
indicates a lower average temperature. The differ­
ence between the largest~nd thg smallest values is 
equivalent to approximately 4.7 C. 

From these data there appears to be an increase 
in subsurface temperatures in the direction away 
from the Great Rift and to the south, the Craters 
of the Moon National Monument (Region 5) being the 
coolest. The distance-temperature correlation . 
coefficient wa~ 0.92'with confidence limits greater 
than 9~. A similar but less well ,defined trend 
appears in the'eaet-west di~ction from the Monument 
a.S Beeri from the Reglons JA throughJB (correlation 
coefficient of 0.94, confidence limits slightly less 
than 9o,t;). ' 
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INTE:RPRETATI~S AND COOCLU3IOOS 

In this study, the lowest shallow temperatures 
were measured in the areas where the highest deep 
temperatul:es had been expected. Beforere jecting 
the assumption that shallow temperature measurements 
result from a deep h~at source, other explanations 
for theobGerved trend in temperature were, considered. 
First, since mean elevation gradually decreases from 
174.5 meters at the Rift to 1)80 meters at the SW 
end, it is possible that the wal:ming trend in that 
direction is a function of eleva.tion. Topographic 
maps in~ sufficient detail to test this suggested 
correlation are avallable only f?r Region.5. A 
correlation was found between altitude and,sample 
temperature over the 70-meter elevalion range in 
Region 5 (r = .46 with confidence limits greater 
than 99J'). However, temperatures were found to 
increase, rather than_decrease, with increasing 
elevation~ Aiso, throughout the samplearea,no 
correlation betwe~n tempe~ature~and elevation was 
observed 'on comparing the'temperatures of samples 
placed on buttes up to 100 m above the surrounding 
pl&in with those on the floqr ofih~ plain nearqy. 

A second possibility is that the sample temper~ 

atures reflect ins6lation differences. In Region 5, 
samples were plac~dboth on northern and southern 
sides of bu~tes, and thus were shaded for differing 
portions of the day. However, measured temperatures 
of the samples located in sunnier areas did not 
appear significantly higher than those of the samples 
which were in shadier sites. ., 

A third variable which might ~nrl~ence the 
meastrred temperatures is percolation of ground 
water around the samples. In fact, at the time of 
their removal,'some samples were very wet and others 
were completely dry. Despite this w~de moisture 
variation, however, there appeared to be no differ­
ence in temperatm'e between the two groups. 

A fourth consideration is that permeability 
of the soil to movement of air might affect shallow 
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sUbsurface temperatures. The samples in Region .5 
were nearly all in highly permeable volcanic cinders, 
among the five regions, measured. temperatures there 
are lowest and standard devin-Hon is the highest. 
Both effects may be due in part to air permeation. 
On the other hand, in the loess regions oulside the 
Monument, there is no evidence of Ii correlalion 
belween temperature and sol1 permeability. The 
smooth trend .in te~perature rise to the southwest 
and the small standard deviation values both suggest 
that permeability effects are negligible. . 

On the basis of the above considerations, it 
appears that, contrary to expectation, shallow 
subsurface temperature increases toward the southern 
edge of the Snake River Plain, away from the area of 
the Monument. Three explanations may account for 
this effect. 

First, higher deep subsurface temperatures may 
actually be present along the Plain border and a 
uniform conduction/convection system from one end 
of the traverse to the other may account for the 

. observed difference in shallow temperaturos. 
, Second, uniform deep subsurface temperatures may 

be reflected as higher shallow temperatures near 
the edge of the Plain due to increased heat flow 
resulting from plain-margin faulting. Third, 
uniform, deep subsurface temperatures may be more 
effectively insulated in ,the Rift area toward the 
center of the Plain due to the presence of less 
faulted, thicker, and more recent lava flows and 
to l~tercalated sediments. 

The information bearing on these possible
 
explanations is very sparse, consisting mostly
 
of the following observations. Carr and Trimble
 
(1963) noted a northeast-trending set of small
 
faults near American Falls (7.5 km southeast of
 
the Monument) which they believe relates tu a
 
N45°E fault zone along which the Plain subsided.
 
Numerous north-trending Basin and Range type
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faults terminate along the southern border of the
 
Plain. AsPrlnz (1970) noted, these north-trending
 
faults ~rallel the southern part.of the Idaho
 
Rift System. there are several hot springs aS8odi­

a ted wlththese falll ts along the southern edge of
 
the Plain, ne::i,r .the s04thernmost end of the traverse.
 
Kn~w~ geotherm~l highs, such as those at Raft River
 
and at Boise, are along the margin of the Plain.
 
Higher elevations alopg the Rift suggest a thicker
 
section of basalt and intercalated sediments there.
 
If volcanic activltyalong the Rift were more
 
explosive than to the southwest, resultant ~rmeable
 . . .' 27 
structures such as those studied b1 Niccum-might
 
also account for decreased heat flow to the surfaea.
 

I n summary, the presence of· faul ts along the' 
southern edge of the eastern Snake River Plain may' 
explain the apparent temperature increase in that . i 

.direction. 1'hese faults might be responsible for 
increased he~t transfer b1 percolating ground waters 
or thrOUgh simple dry conduction. Heat flow would 
be relatively inhibited near the center of the 
Plain b1' the thicker sequences of flows and sedimanto 
thero. Roganllessofthe reason for the temperature 
relationship, it carinot be explained by known charac­
teristics of the Snake River Plain. . 

The efficacy of the Pallmann technique for
 
ascertaining geotherm<:'l.l hea.t distrlbutlon'io still
 
open to question. More extensive testing is reqUired
 
before a donn!te determina.tion of its workability
 
can be established. Perhaps numerous traverses .
 
across a known "hot spot" with temperature measure­

ments at several hundred points would provide a
 
clearer understanding of the factors controlling
 
the distribution of heat at shallow depth. ---~
 . ~-

'!:./ Niccum,M. R. 1969. Geology and permeable struc­

ture in basalts oftha oastcehtral Snake River
 
Plain near Atomic City, 'Idaho.· Unpublished M. S.
 
tt~sis, Idaho State University, Pocatello, Idaho.
 

22 



LITEl1ATURE CITED 

Axelrod, D. I. 19&\.. Tertiary flows and topographic 
history of the Snake River Basin, Idaho. Geol. 
Soc. Amer. Bull. 791 713-7]4. 

Bullard, F. M. 1971. Volca.nic history of the Great 
Rift, Craters of the Moon National Monument, 
south central Idaho. [abs.] Geol. Soc. Amer. 
Abstracts with Programs, p. 2]4. 

Carr, 'I •. J., and D. J!l. Trimble. 1963. Geology of 
the American Falls Quadrangle, Idaho. U. o. Geol. 
Surv. Bull. No. 1121-0, 44 pp. 

O'Brien, P. J. 1971. Pallmann method for mass 
sampling of ~oil, water, or air temperature. 
Geol~ Soc. Amor. Bull. 821 2927-2932. 

Pallmann, H. E., E. Eichenberger, and A. Hasler. 
1940. Eine neue Methode derTemperaturlllessung 
bei ~koiogischen oder bodenkundlichen Untersuch­
ungen. Ber. Schwe1z Bolan. Ges. 50' 337-362. 

Prinz, M. 1970. Idaho Rift System, Snake River 
Plain, Idaho. Geol. Soc. Amer. Bull. 811 941-9'RJ. 

Schmitz, 'I., and E. Volkert. 1959. Die Messung von 
Hitteltemperaturen auf reaktionskinetischer Grund­
lage mit .dem Kres1polar1meter und ihre Anwendung 
in Klimatologie un~ Bio"kologle, speziell 1n 
Forst- ,und Gewasserkunde.' Zeiss' Mittellungen 
1 8/91)00-337." (Translated by U. S. Dept. of 
Commerce, E. S. S. A., as document wn/'l'-110, 
TT67 62408.] 

• I. Stearns, H. T. 1963. Geology of the Craters of the 
Moon National Monument, Idaho. Craters of the 
Moon Natural HiStory Asso~latlon, Arco, IdRho,Y'" pp. 

23
 


