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S A - ABSTRACT

cood

. Izrvest:.gations of thermal areas in Yellcwstone Na:b:.onal Pa.rk include

the correlation’ of subsurface temperetu:tes determined by diamond drilling,.

surface temperature measurements, and remote sensor ‘data. This report,
in two parts, describes 1) the preliminary results of diamond drilling,

summa.rizing:.lithologr, subsurface temperatures and pressures in the drill

holes, and 2) a method of using heavy snow fall in calorimetric determing--

tions,

'the snow fa.ll method appears a.pplica.ble to repetitive photographic

'a.nd infra.red observatlon from spa.ce. Passive microwa.ve imaging ra.dio-

‘meters might a.ssn.st such stud.ies but ha.ve not y-e'b been tested. The

d.rill:.ng information is to be correlated with ana.lyses of surfa.ce mom.tor--v

L

:.ng and a.ircraft remo‘be sensor datea.
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" PREFACE
byﬁ
W. D. Carter

Remote sensing investigations of geologic and geothermal features of
Yellowstone National- Park (Test Site 11), Wyoming, began in 1966 with an
increas'e in transfer funds f'rom\' the Na.tionel Aeronautics and Space Adminis-
tration. Tt was decided at thet time that subsurface data should bé
obta.ir;ed_ in the géys’er basins in order to support and fully understand the"
surface infoimation to be a.cquired by remote sensors in aii'craft A modest

drilling progra.m was recommended, a.pproved and underta.ken, with actual

dr:.ll:l.ng opera.t:.ons mtiated in-April 1967. Dri.'ll:.ng contlnued through

!

October of that year and a.bou'b l/h of the total remains to be completed
durz.ng the summer of 1968f Although the project is no longer f‘unded by

NASA, studies of reniote sensor data acquired by three aircraft (H‘.R.B-. '

Singer, NA.SA and’ Univers:Lty of Mlchlga.n) are underw'a.y to determ:.ne the .

relationships between. surface a.nd. subsurfa.ce 1nforma.tion. :
This report, d:w:x.ded in two pa.rts, describes the Pirst résult's of.

studies under the Geothefma.l Investigations Task (160-75-01-52-10).

_Part I- “A Slmnna.ry Repor‘b of Diamond Drilling in Therma.l Areas of

Yellowstone Na:b:.ona.l Park' describes the l:.thology of the. cores: ta.ken

from the d.r:.ll holes, and the tota.l depth, temperatures and "over pressure"

involved in each hole. It will now be possible to ma.ke correlations

between these dats, ground monitor:.ng da.'ba collection during sircraft -

.overflights and zjexnote sensor ima.gery.




Part IT - "New Method for Determining Heab Flows of Thermal Areas"
gsés heaﬁy'individual snow fall in calorimetri? analysis. Because the
ground near prominent thermal featﬁfes'remaihs\baré'during such snow falls,
such studies appear to be applicable to repetitive photographic and infrared
observatioh framlspace. Such repetitive obsefvatiops,shouia.enable the
investigatdr to.develop_iéothermal contours of thermal areas; Becsuse -
the: snow’ pack increasés'inlthickness away from the thermal festures the
use of péssive-microwave imaging radiometers may eventually assist studies

of this type.




PART T - A SUMMARY REPORT OF DIJAMOND DRILLING IN THERMAL

AREAS OF YELLOWSTONE NATIONAL PARK

Project time from March through October was devoted almost exclusively
to a program of research diamond drilling in the thermal areas of Yellow=-

stone National Park. The drilling was carried out by Sprague and Henmwood,.

- - \
‘Inc., under contract (project 972555); 4,901 feet of 4"x5-1/2", NC, NX,

"and BX hole were completed with overall core recovery of 87.2 percent.

An additional 1,600 feet of dr:.]l:.ng will be conrpleted spring and summer

‘of 1968.  Summary data follows

Mascimum "Over-

Mumber Location = . Depth Temp. ~ pressure" Lithology

Y-1 Black Sand Basin 215 ft. l71°C 31 psi Sand, gravel, rhyolite flow
Y-2 Firehole Lake 516 203 57 . Sand, rhyolite flow

Y-3" 0jo Caliente =~ 514 196 4o " Sand, rhyolite flow

Y-k Nez Pierce Creek 691 194 87 Fhyolite flow

Y-5 Rabbit Creek 538 170 40 Ash-flow tuff

Y-6 Lone Star - 500 181 19 * Sand, rhyolite flow

Y-7 Biscuit Basin - 242 142 0 - Sandstone; rhyolite breccia.
Y-8 Biscuit Basin 503 170 ' 34 Sandstone; pumice breccia
Y-9 Norris 812~ . 196 107 Ash-flow tuff

Y=-10" Mammoth 370 73 4o Travertine, glacial sediments,/

Cretaceous sandstone

LooT
Core from all we].‘l.s was logged and intervals selected for detailed

la.bora.tory study Fluld samples were collected at well-hea.d and at depth. :

V Bottom-hole temjpera.ture mea.surements were-made as drilling prog:essed. )

Initia.l scientiﬁ.c results include:

- l) In sn.x holes temperatures increased nearly linea.rly with depth

until the pressure-corrected theoretical boling point curve was attained.
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The temperatures at greater depths were controlledib& the_boilingtpoint
curve until, in 3 holes, temperatures leveled off. 'In 3:other5holes'the
temperaturestwere-still increasing along the boiling-point curve at the
maximm depths drilled (214 feet, 516 feet, and 51& feet).

2) Water pressures meesured at the surface exceeded atmospheric
ih 9 hoies. These "artesian pressures generally became evident at depths
of 50 to 200 feet and commonly ranged from 30 to lOO psi, measured at ground
level. The high water pressures are related to self-sealing mechanisms in
the upper,_cooler parts of high temperature hot spring systems. driginal
high"permeabilities.of negr=-surface rocks and sediments have been decreased—
greatly by deposition of silica, zeolites and/or calcite.

3) The first occurrence of welded ash-flow tuff inside the Yellow=-

. .. . : \ )
‘stone caldera was encountered in the Rabbit Creek hole from 32 feet to the

bottam of the hole at 538_feet,' This hole is located on the flank of the.

structurally high resurgent dome central to the caldera.

4) Core logging provided a preliminary determination of the: nature

and'distribution of hydrothermal minerals. Most of the holes'iﬁ‘Uppera‘l‘

:MMidway,¢andtLower;GeysersBasinsuareAcharacterized«bynzeolites (dominant
. mordenite with subordinate clinoptilolite and araicite), calcite, quartz,
- pyrite, montmorillonite, and’ minor pyrrhotite and fluorite. Two of these
'wells contained abundant earthy hematite. The Norris hole was characterized
. by'white clay, no zeolites, and minor calcite and pyrite. - The Mammoth hole

‘ encountered abundant secondary pyrite and calcite,




Same' geologic mapping and related activities continued concurrently
withithe drilling, primarily in Lower Geyser Basin, the Nbrris-Rbating

Mountain area, and in the vicinity of the Lone Star drill site. Vo




PART II - NEW METHOD FOR DETERMINING HEAT FLOWS OF THERMAL AREAS

A semiduantitetiveAmethod-has'been developed?in Yellowstone for
measuring the total heat flow through hot greund adjacent to geysers and
hot springs.‘ The‘method utilizes heavy individual sndwfalls as calori-’
meters, extending Wakefield Dort's qualitetive.observations (Dort, i966,'
?:uhh39) tnat ground near prominent thermal features remains'bare.evenf
during heavy sncwfall and that the thickness of total snowpack increases
away frdm these features.

Optimum conditions for quantitative study are provided by an individual
heavy'snowfall 6f snprt duration, when daily temperature fluctuations are ~
not fer from'OoC. Time O isiwhen snow first starts to collect on bare

ground, and may commonly be fixed with an uncertainty of 1/2 hour or so.

. A detailed topographic map of the test area is essential; the method has

been tested in two areas in Upper Basin, one of which includes 014 Faithful..

At convenient intervals after a heavy fall has ceased, the lines that de-

mark snow fromdno-snou are mapped as iso-heat-flow contours.
At the time each contour is mapped, the contour is calibrated. We

had observed-that snow on boardwalks in the popular thermal areas retained

~their snow cover much longer than on adgacent hot ground because of in-
“:,sulatlon provided by the 2"athick boards. separated from the ground by
about 6" of air space. Where a snow-melt ‘contour crossed a boardwalk

the snow,of a specific area (1 ft used to date) was scraped into a pail;
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a pall of hot sﬁring water had been provided in the meantime, and thé
quantity of watef of known teﬁperature and heat content (such aé~50°C =

50 cal/ml) Just required to melt all of the snow from the measured board-
welk area wes determined. The heat per unit srea required to melt this
béardwalk snow is assumed to be equivaleht to the total natural heat flow
on the mapped contour of adjacent hot gréund. Conducted and probably some
'conveéted he;t in warm gases are both included without distinetion. Each
boardwalk control area is aséumed to have been influenced by the same gains
and losses of heat from solar and atmospheric soufces as the adjacent
grouhd that has juét lost its snow cover at the mapped contour. 'Thus,

most of the uncertainties coneerning thése external soufces of energy are
compensated. |

Two reaso;ably religble heat-flow contours have been mapped in the
old Faithful test area; these are 1020 and U470 x 10-6 cal/cm?sec,
—or roughly 680 and 396 times. the "normal" 1-1/2 heat-flow units. These
seemingly very high heat flows are consistenﬁ with other-évidence, in-
cluding the very high near-surface thermal gfadieﬁts found in the ‘drill
.holes,_ |
The method ‘is likely to be ﬁost useful in cases of large local

diffefencegfin héaﬁ flow. Uﬁder"févoréble:ciimafic.céndifiqns,'it;éan:

prbvide~mu¢h data with minimal timeAand expense.. One important,climaﬁic

s limitation recognizéd to date is that air temperature should have been near

0% for a few days prior to the snowfall. Heat-flow contouring was attempted

for one‘snowfall.When prior temperatures were considersbly above 0003




and when. "steady-state"” heat flow had adjusted to a relatively high inter--

facertemperature. The snow-fall calorimeter thus was influenced by excess

hegt stored in neasr-surface ground.

Reférence. \
Dort, Wekefield, Jr., 1966, Rapid reconnaissance of heat-flow patterns in.
snow-covered thermal areas: _Jcﬁr. Geophys. Research, v.-71,"

p,Ahh39-h§hO.




QOB OT-T jovees e ) i SRy ?u.!.t.l T '

] s e o T ang ey 9% lisesurnnnn. : ST 21 ceemeen
U 3T il ——— QIO 00 €% — — | Aea WAV §% me—e—m A,illu-_ﬂ TL o

s : Q. -
Rn qa.on‘ﬂ .su.oa 55:853 R:: [ 0T T OTT oor o6 08 ¥ s o ox x s,om&

LN

i .

agﬁsszugaaga

§ ot

i

T

S

59953883

10!

]
Ll

1338889386838

'
i

if'a 3.8 88|

§ 8 33 BRI

L.

2 8 3 8 8

"o

53«5 ﬂ‘qﬂ.oﬂ,.aﬂa wt 5.53 o O o 0 0 o 09 05 OF. o —
: <o .. 9 SHOTED NI . SEAVELDGL S e .




RN |
- g‘;,:: ;
; - S _’ —— e T_i:on :

6

cal/ cm°sec

P~ ur0 x .10'6..ca1/cm2,sec —~——1020 x 10~

M —

o

Figure 2. - Preliminary heat flow map of 014 Faithful a.i'ea, Yellowstone
National Park, Wyoming, using heavy snowfalls as a calori-
metric method. - g o




