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ABSTRACT

Available data on the Roosevelt area were synthesized to determine
the spatial arrangement of the rocks, and the patterns of mass and
enerqgy flow within them. The resulting model lead to a new inter-
pretation of the geothermal system, and provided "ground ¢truth”
for evaluating the application of soil geochemistry to exploration
for concealed geothermal fields. Preliminary geochemical studies
comparing the surface microlayer to conventional so0il sampling
methods indicated both practical and chemical advantages for the
surface microlayer technique, which was particularly evident 1in
the case of As, Sb and Cs. Subsequent multi-element analyses of
surface microlayer samples collected over an area of 100 square
miles were processed to produce single element contour maps for 41
chemical parameters. Computer manipulation of the multi-element
data using R-mode factor analysis provided ﬁhe optimum method of
interpretation of the surface microlayer data. A trace element
association of As, Sb and Cs 1in the surface microlayer provided
the best indication of the leakage of geothermal solutions to the
surface, while regional mercury trends may reflect the presence of

a mercury vapour -anomaly above a concealed heat source.




INTRODUCTION

Under the terms of Cooperative Agreement No. DE-FC07-79ID 12062
with the Department of Energy, Barringer Research Inc. (BRI) under-
took to investigate the application of soil geochemistry to explo-
ration for concealed geothermal fields using the Roosevelt Hot
Springs in Utah as a test area. The project was carried out in
four phases, with Phase I being the development of detailed three
dimensional models for the hydrological and geothermal regimes in
the Roosevelt Hot Springs area based on existing geological, geo-
physical and soil geochemical data. This portion of the study was
carried out by Hydrothermal Energy Corporation, with the results
forming the first segment of this report.

In Phase II, the practical application of soil microlayer chemis-
try as a low-cost exploration method for detecting "blind" geother-
mal reservoirs was tested by comparison with conventional soil
sampling techniques on selected profiles at Roosevelt Springs. A
wide range of elements was determined on these samples using a
combination of analytical methods including multi-element induc-
tively coupled plasma emission spectroscopy. The results of this
orientation survey, carried out by Barringer Research Inc., were
used to identify the elements that would be most effective for
detecting concealed geothermal activity, and established that the
surface microlayer as the preferred sampling medium for the next

phase of the project.

Phase III involved the collection of surface microlayer on a grid
system covering a total of 100 square miles, with subsequent multi-
element analysis of the resulting samples. A1l analytical data
were recorded in computer compatible form and merged with the
digitized sample Tlocations to produce contour maps for each com-

ponent.

The final report and interpretation makes use of factor analysis
to assist in data integration, and compares the surface microlayer
geochemical results with the known subsurface structure and hydro-

geology of the field. -




GEOLOGIC SETTING OF THE STUDY AREA




REGIONAL GEOLOGIC SETTING

INTRODUCTION

The Roosevelt Hot Springs KGRA 1lies near the intersection of sev-
eral geologic zones of major significance (Figure 1). These are:
1) the transition zone between the Basin and Range province and
the Colorado Plateau; 2) the Intermountain Seismic Belt; 3) the
Pioche Mineral Belt; 4) a zone of late Tertiary-Quaternary volcan-
ism; and 5) the geothermal belt of Lund-Thermo-Roosevelt-Cove Fort.

THE BASIN AND RANGE/COLORADO PLATEAU TRANSITION

The boundary between these two provinces lies east of Roosevelt
(Figure 1A). The Basin and Range province is characterized by
major block faulting and tilting dating from early Tertiary to the
present time. Typical of these Tlarge Basin and Range fault blocks
are the Mineral Range and the Escalante graben, between which
Roosevelt is Tlocated.

In the Colorado Plateau to the east on the other hand, while nor-
mal faults are common, vertical offsets are very much smaller and
the rocks are generally flat-lying, .except in local monoclinal
warps.

The boundary between these two physiographic provinces in this
part of Utah is relatively abrupt, and Ties along a discontinuous
series of faults along the west side of the Pavant Range, the
Gunnison Plateau and the Wasatch Range.

The development of the two physiographic provinces 1is part of the
Cenozoic evolution of the region. But this contrast between mobil-
ity to the west and stability to the east has a much longer his-
tory: the boundary also corresponds approximately to the transition
in the Paleozoic and Mesozoic between geosynclinal-orogenic belts
to the west and the more stable and relatively undeformed platform
to the east. Even the Precambrian rocks show a contrast between
high-grade metamorphic and granitic terrains to the east, and
relatively lTow-grade metamorphics to the west. '

The boundary thus had its beginnings in Precambrian times.
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THE INTERMOUNTAIN SEISMIC BELT

The Intermountain Seismic Belt 1lies along this province boundary
in this part of Utah (Smith and Sbar, 1974; Sbar et al., 1972).
This currently active seismic zone trends northward along the
boundary between the Basin and Range and Colorado Plateau prov-
inces, up into Idaho. In the area just southeast of Roosevelt,
however, the trend changes abruptly to west-southwest and the belt
passes obliquely across southeast Utah into Nevada (Figure 2).
The setting of the Intermountain Seismic Belt is more clearly seen
in Figqgure 3. The seismicity involves shallow focii, generally
less than 15 km deep. Earthquake swarms are sometimes Jlocated
along the zones of geothermal features (Smith and Sbar, 1974).

Based on the geophysical data, and the observations and discus-
sions of Sbar et al., (1972), Smith and Sbar (1974), and Keller,
Smith and Braile (1975)? the contrast in tectonic style and histo-
ry between the Basin and Range and Colorado Plateau provinces
appears to indicate different c¢rustral structures for the two
provinces (Archambeau et al., 1969; Roy et al., 1968; Blackwell,
1969; Julian, 1970; Prodehl, 1970; Roy et al., 1971).

The Colorado Plateau shows 1lower heat flow and a thicker crust
(about 40 to 50 km). The Basin and Range area here has a higher
heat flow, averaging 2 HFU, and a thinner crust (around 25 to 30
km). In addition, the upper mantle has a lower P-wave velocity
than below the Colorado Plateau. This contrast extends to about
100 km depth.

In order to clarify details of the crustal structure in the bound-
ary zone 1in this area, Keller, Smith and Braile (1975) made a
seismic refraction survey of the zone and found a thin crust
(around 25 km), a low-velocity layer in the crust at a depth of 8
to 15 km, and a Tow Pn velocity of about 7.5 km/sec from refrac-
tion at the boundary between crust and upper mantle. They conclud-
ed that a mantle upwarp of Tlow-velocity material 1is present along
the transition zone, and extends over 50 km east and over 30 km
west of the boundary. The transition in crustal structure lies
east of the province boundary based on seismic refraction work
(Keller, Smith and Braile, 1975; Ryall and Stuart, 1963; Braile et
al., 1974). Shuey et al., (1973) showed that a change in crustal
magnetization also occurs 50 km east of the province boundary.
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These geologic and geophysical data can be integrated into a model
in which the Intermountain Seismic Belt reflects motion along a
boundary between subplates of the North American plate. East of
Roosevelt the zone of movement trends N-S along the boundary be-
tween the Great Basin portion of the Basin and Range province and
the Colorado Plateau. In southwest Utah the seismic trend shifts
abruptly to WSW across the southern boundary of the Great Basin
plate. To the north, an east-trending seismic belt separates the
Western Rocky’Mountains from the Great Basin and the Snake River
Plain. This pattern (Fiqure 2) outlines the boundaries of the
Northern Rocky Mountain and Great Basin subplates, which are
moving west relative to the stable part of the North American
plate. This overall motion was considered by Smith and Sbar (1974)
as related to a mantle plume that tracked northeastward beneath
the Snake River Plain and is now below Yellowstone. In the south
and west parts of the Great Basin, deformation presently involves
NW-SE extension related to relative movement between the North
American and Pacific plates.

The Roosevelt area is thus 1located close to the intersection of
two subplate boundaries, the east margin and south margin of the

Great Basin subplate.

THE PIOCHE MINERAL BELT

Another major belt that crosses the Roosevelt region is the Wah-
Wah-Tushar mineral belt, which trends east and west. Such E-W
belts of mineralization, Cenozoic igneous activity, and faulting
have been described by several geologists, beginning as early as
Butler et al., in 1920. Geophysical anomalies, particularly grav-
ity and magnetic features, coincide with these E-W belts.

The Pioche belt of eastern Nevada (Roberts, 1964), and the Wah-Wah-
Tushar belt of south central Utah (Hilpert and Roberts, 1964),
were combined by Shawe and Stewart (1976) into the Pioche mineral
belt (Figure 4). Roosevelt lies close to its central axis.

The belt (Rowley et al., 1978), which trends slightly north of
east from Nevada across much. of Utah, is over 50 km wide and is
characterized by mineralization including Au, Ag, Pb, Zn, W, U, F,
Mn, Cu, Mo, and Ba (Cohenour, 1963: Walker and Osterwald, 1963;
USGS Utah Geological and Mineral Survey, 1964; Lindsey et al.,
1973 and 1975; Van Alstine, 1976). Many of the mineralized areas
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lie near alkalic rhyolite centers, ranging in age from Middle
Miocene to Pleistocene. This is especially true of the younger F,
W, S, U, and Be mineralization (Rowley, 1978). Most of the min-
eralization is mid to late Tertiary in age, though the belt may
have been in existence earlier,

The Pioche belt is a zone of structural and topographic highs,
encompassing the highest mountains in southern Utah, and bringing
relatively 1large areas of older vrocks to surface. East-west
faults and major lineaments can be traced across the area in sat-
ellite imagery and on the ground. Faults of similar trend may
play an important role in structural control at Roosevelt itself,
as discussed later in this report. |

The Blue Ribbon 1lineament (Rowley, 1978) is one such major linea-
ment that can be traced along the southern part of the Pioche
belt, through Thermo, and across into Nevada. It probably contin-
ues across the aeromagnetic quiet zone and becomes the Warm Springs
lineament. '

The belt of mineralization corresponds to a broad, very elongate
aeromagnetic high (Stewart et al., 1977). Many smaller highs and
lows within it correspond to volcanic centers and shallow plutons,
mostly of Cenozoic age (Hilpert and Roberts, 1964; Zeitz et al.,
1976). By far the most prominent of these granitic plutons is the
Mineral Mountains quartz monzonite, which with 1its metamorphic
roof forms the reservoir rock of the Roosevelt geothermal field.

The volcanics of the Pioche belt are basalts, andesites and rhyo-
Tites. There are a number of major volcanic centers, ranging in
age from Eocene or 0Oligocene to present. Four dated alkali rhyo-
lites along the Blue Ribbon Tlineament show progressively younger
ages to the east (Anderson and Rowley, 1975; Rowley et al., 1977).

LATE CENOZQOIC VOLCANISM

Late Cenozoic wvolcanics along the east edge of the Great Basin,
including the Roosevelt area, show a bimodal association of basalt,
or basaltic andesite, with rhyolite. The Mineral Mountains imme-
diately east of Roosevelt exhibit a series of well preserved and
very young rhyo1ite ‘domes and flows, with some ashes. Some of
these rocks hre only 0.5 m.y. old. Extensive Quaternary basalt
flows derived from a volcanic center in the Cove Fort area lap up
against the ndrtheast edge of the Mineral Mountains; these are




generally 1.1 to 0.3 m.y. old but there is evidence of some ex-
tremely recent activity. There are other basaltic vents in the
northeast Mineral Mountains. Ward et al., (1978) showed the dijs-
tribution of 1late Cenozoic volcanic rocks near Roosevelt, and
their estimated ages (Figure 4).

THE GEOTHERMAL BELT OF LUND-THERMO-ROOSEVELT-COVE FORT

A series of major and minor geothermal areas lie in a zone north-
east and southwest of Roosevelt, which at present is the only one
of them moving toward commercial production.

SUMMARY

From this outline of geologic and geophysical data relevant to the
regional setting of Roosevelt, it 1is clear that this Known Geo-
thermal Resource Area and the neighboring KGRAs of Thermo and Cove
Fort lie within the Pioche mineral belt near the Great Basin-Colo-
rado Plateau boundary. The area is characterized by a thin crust
and high heat flow. A mantle upwarp’ is probably present, along
the eastern margin of the Great Basin. Major, and seismically
very active, subplate boundaries 1ie nearby to the east and south.
Extensive(rhyo1itic and basaltic volcanism in the immediate area

is as recent as 0.5 to 0.3 m.y.




GEOLOGY OF THE MILFORD VALLEY

INTRODUCTION

The present physiography and geology of the area in which Roose-
velt 1is situated is dominated by the effects of Tlate Cenozoic
block faulting and volcanism. The most recent phases of tectonism
are discussed Tlater in this report, but before doing that the
earlier geology and history will be summarized as a background for
understanding the present evolution of the geothermal system.

THE CRYSTALLINE BASEMENT

The oldest rocks 1in the area are the regionally metamorphosed
Precambrian sediments and volcanics, which form a basement of
crystalline schists and gneisses. They crop out at the present
‘surface only in the Roosevelt area, an immediate pointer that the
geothermal area as a whole constitutes a major structural high,
with downfaulted blocks on four sides.

THE SEDIMENTARY SEQUENCE

Above the basement lies a sedimentary sequence of miogeosynclinal
rocks beg{nning with Eocambrian-Cambrian clastics and continuing
through the well-sorted sandstones, shales and limestones of the
lower and upper Paleozoic, into the Triassic and Jurassic.

Detailed accounts of the stratigraphy have been given by Woodward
(1968, 1973), Hintze (1973), Welsh (1973a, 1973b), Stokes (1973),
and Peterson (1974).

During the Jurassic the eugeosynclinal area further west had al-
ready begun its major deformation, but in the region encompassing
Roosevelt, it was during most of the Cretaceous that the sedimen-
tary pile was involved in successive phases of orogeny, the Sevier
orogeny. Large-scale eastward overthrusting followed the classic
orogenic pattern here, with decollements developing, particularly
at the base of the Eocambrian-Cambrian Prospect Mountain quartzite,
which, in different areas, is now seen overriding rocks ranging in
age from Cambrian to Mississippian (Armstrong, 1968a, 1968b; Nolan,
1943).




The interpretation of Sevier thrusts as gravity gliding plates
moving away from areas of uplift has been propounded by Eardley
(1968, 1969) and refuted by Woodward (1970). The classical inter-
pretation, rather than gravity gliding, is favored by the struc-
tural evidence.

The deformed rocks of the Sevier orogenic belt in the Roosevelt
area show Nand NW-plunging folds as well as the large-scale east-
ward overthrusting already described. They are overlain uncomform-
ably by late Cretaceous conglomerates. Laramide uplift and block
faulting followed the Sevier orogeny, the Cenozoic history was
dominated by block fault movements, and extensive volcanism dating
from 1late Eocene or early O0ligocene to the present (Erickson,
1973).

VOLCANIC ROCKS

In the Roosevelt area (Figure 4) mid-Tertiary volcanics (andesites
and basalts dated around 20 m.y. old), occur in the Black Mountains
southwest of Minersville. Rhyolites about 10 m.y. old occur just
north of these areas in disolated knobs just south of the Thermo
KGRA. Rhyolites around 8 m.y. old occur just south of Roosevelt
KGRA in Corral Canyon, and basalts about the same age occur just
east of Minersville. Basalts and rhyolites about 2 m.y. old occur
in the Cove Creek Domes north of Roosevelt. The Cove Fort basalts
just to the northeast span the range 1.1 to 0.3 m.y.; during part
of the same time span, the Roosevelt rhyolite domes and flows were
forming (0.8 to 0.5 m.y. ago). '

There is thus a very obvious bimodal association of basaltic and
rhyolitic volcanism during recent eVo1ution of this area.

IGNEQUS ROCKS

The Mineral Mountains granitic pluton itself is Tertiary in age.
Park (1968) gave it an age of about 15 m.y.; Armsfrong (1970) put
it around 9 m.y.; Ward et al., (1978) reported K-Ar ages ranging
from 10.0 to 12.6 m.y. and noted progressively younger ages to the
south., A1l of these dates may simply result from resetting and
the pluton 1is probably older. Lipman et al., (1978) reported
about 35 m;y. based on Rb-Sr (see also Bowers, 1978 and Nielson et
al., 1978), and Sibbett and Nielson (1980) consider it to be 20 to
29 m.y. old.




Exposures of the granite are very extensive and make this the lar-
gest area of exposed plutonic rocks in Utah.

STRUCTURAL BLOCKS

The most obvious structural elements of the Roosevelt area are the
horst of the Mineral Mountains and the Escalante graben of the Mil-

- ford valley. Roosevelt lies close to the fault zone between then.

The Mineral Mountains horst (Figure 5) is broken into three parts,
separated by faults that cross the range. The northern part was
mapped in detail by Leise (1957). The rocks are Cambrian in age:
the Prospect Mountain quartzite, the Pioche shale and a series of
dark grey limestones. A major thrust sheet was mapped here, with
klippen of Prospect Mountain quartzite forming the caps of the
hills. Unconformably above the Cambrian are outcrops of a conglom-
erate identified as the Cretaceous Indianola formation, but the
correlation is based only on lithologic comparison of this 112' se-
quence with the Indianola in the Canyon Range (Christiansen, 1951).

The southern part of the Mineral Range, south of the Pass Road
from Milford to Beaver, 1is made up of Precambrian metamorphic
rocks overlain by a sequence of Paleozoic and Mesozoic sedimentary
rocks, and Tertiary volcanics. The sedimentary sequence includes
Paleozoic dolomites and Timestones, overlain by the Topache forma-
tion (Mississippian 1limestones); the Permian Coconino sandstone
and Kaibab 1limestone; and a thin, possib]y Cretaceous, conglomer-
ate (Earl11, 1957). The volcanics are andesite to latite in com-
position, and dominate the southeast part of the Mineral Range.

The main, central section of the Mineral Range extends between the
County Line fault to the north, and the faults of Pass Canyon to
the south. . This <central block has extensive outcrop areas of
gneiss and schist on the west side of the range in the Roosevelt
area, but is mainly composed of the Tertiary granitic intrusion of
the Mineral Mountains pluton. Cutting this are the very young
rhyolite domes and flows of the area east of Roosevelt.

The known geofherma] field of Roosevelt is in the area where the
Precambrian metamorphic rocks are cut by the Tertiary pluton.

-10-
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The geology of the area of the field has been mapped by Earll
(1957), Peterson (1975), Evans (1977), Nielson et al., (1978) and
Sibbett and Nielson (1980). The map by the Tatter authors (their
Plate I) is the most up-to-date and detajled version.

On the opposite, west side of the Escalante graben are, from north
to south, the San Francisco Mountains; the Beaver Lake Mountains;
the Rocky Range; and the Star Range (Figure 6).

The San Francisco Mountains block (East, 1966; Butler, 1913) con-
tains an extensive overthrust slice, with the Cambrian Prospect
Mountain quartzite forming 1its sole, 1lying above Cambrian and
Ordovician carbonates. The thrusting also involves Mississippian
and Pennsylvanian 1limestones. Early Tertiary conglomerates over-
lie these rocks uncomformably, and mid-Tertiary volcanic flows and
pyroclastics cover most of the eastern part of the block.

The Beaver Lake Mountains have been described by Barosh (1960) and
Welsh (1973). Sevier thrusting carries Cambrian (and late Precam-
brian) quartzites and carbonates over Devonian dolomites (Simonson)
and Mississippian 1limestones (Monte Cristo). The Paleozoic se-
quénce includes Cambrian Prospect Mountain quartzite and Pioche
shale; Ordovician Pogonip formation, Eureka quartzite, and Fish
Haven dolomite; Silurian dolomite (Laketown and Sevy); Devonian
Simonson dolomite and Cove Fort quartzite; and the Mississippian
Monte Cristo limestone. Over Tlarge regions the sequence is cut by
Tertiary granitic rocks.

A few miles to the southeast is the Rocky Range (Whelan, 1973;
Whelan and Hintze, 1973; Welsh, 1973). Tertiary granitic rocks
occupy a large part of the range, and Tertiary volcanics cover
1argé areas to the northeast and northwest. The sedimentary se-
quence is steeply dipping, with N and NW strikes, and includes the
Permian Talisman quartzite, Toroweap and Kaibab-Plympton forma-
tions; and the Triassic Moenkopi. ' ‘

A few miles further south is the Star Range (Baer, 1962; Abou-Zied,
1968, 1973; Baer, 1973). Tertiary granite cuts the eastern part
of the Range. The sedimentary sequehce includes the Devonian Sevy
and Guilmette dolomites and Pilot shale; Mississippian Redwall
limestone; Pennsylvanian-Permian limestone; Permian Talisman
quartzite, Toroweap carbonates and gypsum; and Kaibab-Plympton
limestones; Triassic Moenkopi, Shinarump and Chinle formations;
and Jurassié Navajo sandstone. Bedding dips at moderate to steep
angles to the southeast.

-11-




TIALT

Qe ACHE AU
\ L FIGURE 6:
< ! ,
N ESCALANTE GRABEN
Ln !
:| j
_ e end
T N
- I,
. o~ e g
] -~
\ — ‘.\ /’{”.m. INAGGETY
\\‘ ~F \‘ “1\ :
N _}}' Ji_/_}\'\ ) ;
v ® s

5 SALT LAKE A

|
NS

;ufﬁ'SNI
! ~
—\/Jﬁsn(- N

RIOwW

—
PlavEE

LTI ATy

o
MILFORD

) t
] =
; / w
. ' _J
Iy d
<
] A~ <
: S L. _MILLARD COUNTY L
/ : BEAVER COUNTY | T
h -
, £
~ .
¥ i vt
-
® - g
i N\
. R e =
; pes - ROOSEVELT
L= e ——————
] -~ N HOT |
E %‘, @ | serines
1 & I oumr 4 .
/4'/ » & o - 27
! oKy N A
T ' w
/ o
/ =3
a

o
5‘\
QV
> T
29
o
S
-3
T~ r—\ﬁ
> h{ /
~ ;
~
—~

MINERSVILLE

1 8 7
: A A A
SCALE IN MILES
. BEAVER COUNTY .
IRON COUNTY 7 O —
. ey
5

ROOSEVELT HOT SPRINGS UNIT

LOCATION MAP
BEAVER COUNTY, UTAH




THE STUDY AREA
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GEOLOGY AND STRUCTURE OF THE STUDY AREA

INTRODUCTION

The area of sampling in this geochemical study was chosen to span.
a broad zone on each side of the known geothermal area, encompass-
ing the eastern half of the Milford Valley and the western part of
the Mineral Range. '

On the east it includes a major part of the central Mineral Moun-
tains and the KGRA itself. To the west it covers a wide strip of

the Escalante graben of Milford Valley.

THE MINERAL RANGE

The bulk of the Roosevelt section of the Mineral Range is made up
of granitic rocks of the Tertiary pluton. Precambrian metamorphic
rocks crop out at the ends of ridges east of the geothermal field,
and also for two or three miles to the south. The present Tand
surface is evidently close to the roof of the pluton, and produc-
tive geothermal wells intersect both the Precambrian metamorphics
of the roof, and the Tertiary p]utonic\rocks that intrude them.

Figure 7 is taken from Sibbett and Nielson (1980) and is a cross-
section along the line A-A' on the geologic map (Plate 1).

FAULTING IN THE MINERAL RANGE

Cutting the Mineral Range in this area there are several sets of
steep to vertical faults. One set that is particularly prominent\
trends about 30° west of north. Some of these faults are verti-
cal; others dip west at high angles.

Another prominent set of faults trends northward or, less commonly,
slightly east of north. The Opal Mound fault dis perhaps part of
this set. It may be better to divide this group of faults into
two sets, with the N-trending set representing extension, and the
other set a shear direction. |

A third set of faults 4n the Mineral Mountains trends between west

and west-northwest. The Negro Mag Wash fault is the best known of
these, but there are other important WNW-trending fault zones, as

-13-
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in Salt Cove half a mile north of Negro Mag Wash, in the cove two
miles north of Salt Cove, and in a zone crossing the range south

of Pinnacle Pass.

Further south, similar WNW-trending fault =zones have not been
mapped within the range, but can be extrapolated into it from
faults in the alluvial area to the west, as is discussed in the
next sectioh, on photo-interpretation of the Milford Valley.

Faults of the fourth set, that dip at low angles to the west, have
been interpreted as low-angle normal, or denudation faults (Nielson
et al., 1978, Sibbert and Nielson, 1980). In places, brecciated
zones up to forty feet thick are seen in these fault zones. Off-
sets of 1lithologic units by a fault in the area between Wildhorse
Cdnyon and Ranch Canyon are considered to demonstrate that rela-
tive displacement on the fault is consistent with this interpreta-
tion. However, it is difficult to demonstrate this conclusively,
as the fault cuts across the roof of the pluton and across a var-
iety of roof pendants, thus making correlation of markers across
.the fault rather uncertain.

An alternative interpretation is that the fault dis the wupper,
low-angle part of an upthrust, that is, a steep fault that involves
reverse rather than normal dip slip, and curves upward to progres-
sively lower angles of dip as lower overburden pressure near sur-
face changes the balance between vertical and horizontal principal
stresses.

To the north, in the area of Big Cedar and Little Cedar Cove a
fault of the same trend is much steeper; and the same is seen to
the south. This may support the interpretation of these faults as
part of a system of upthrusts, with steeper dips corresponding to
lower structural Tlevels at the time the faults were formed. How-
ever, the evidence 1is inadequate to do more than suggest this
alternative view.

Nielson et al., (1978) concluded that of the four sets, the Tow-
angle faults were the oldest; that the NNW-trending faults devel-
oped from movement on the first set; that the WNw-trending set
developed next; and that the N to NNE—trendinQ set formed last.

-14-




FAULTING IN THE MILFORD VALLEY AND THE GEOTHERMAL FIELD

The present-day fault activity, and some details of the structure
of the valley (the Escalante graben) can be inferred from the
traces of recent movement seen on the ground and in air photo-
graphs, and from the extensive geophysical data that have been
developed in the last few years.

Many of the faults mapped in the range are clearly seen on the air
photographs. On the other hand, many of the air photo linears in
the area of the range show no demonstrable displacement when exam-
ined on the ground, and Sibbett and Nielson accordingly do not
show them on their map as faults.

Interpretation of air photographs, as part of this study, has pro-
duced the map of faults and fractures shown in Figure 8.

The 1inears mapped on Figure 8 are related both to fault zones with
detectable displacement and to zones of fractures on which there
may have been no significant movement. Both are equai]y important
with respect to this study, as both may offer equally effective
upward pathways for geochemical transport.

The 1linears mapped in the valley are of particular interest as
they tend to mark zones on which very recent motion has disturbed
the present land surface. The shallow alluvial cover is obviously
not capable of sustaining and transmitting significant stresses.
The pattern mapped on.the surface 1is only the pattern of response
of the shallow cover to motions occurring at depth in more consol-
idated material. It is thus not surprising that the zones of
linears tend to be discontinuous, and sometimes contain sections
in which short linear features lie at a small angle to the overall
trend, en echelon. They are, nevertheless, excellent guides to
zones of present or very recent movement, and to the available
pathways for fluid migration. Their relationship to the location

and interpretation of geochemical anomalies found in this work, is
thus critically important.

The map of faults (Figure 8) appears, at first sight, somewhat
confusing, and it is accordingly dissected in terms of several
major fault sets, which are treated separately, one after the
other, in the following sections.
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WNWQTrending Faults

The Negro Map Wash fault is the best known example of the WNW-
trending faults (WNW-4, Figure 9). It appears to split after
about a mile west of its intersection with the Opal Mound fault,
with one branch continuing the WNW-trend and the other branch
trending more nearly westwards. Traces of WNW-4 are Tlost about
five miles west of the Opal Mound fault, but the main branch is
apparently seen again a few miles further to the northwest. A
parallel zone about a mile to the north of the Negro Mag Wash
fault (WNW-4) 1is here referred to as the Salt Cove fault zone,
WNW-3., It can be traced westward about ten miles across the val-
ley and at its west end appears to join the extension of the main
branch of the Negro Mag Wash fault just mentioned.

In the western part of its course, the Salt Cove fault breaks up
into three zones arranged en echelon at an angle, in a pattern
that suggests the zone may be a steep to vertical right-handed
strike-s1ip fault. '

Similar features are seen along the Negro Map Wash fault thought
they are not so marked. That fault is also probably a right-hand-
ed strike-slip fault. Where it is seen in the range, Sibbett and
Nielson show it as down-dropped on the north side. Crebs and Cook
(1976) on the other hand concluded that the fault had a down-to-
the-south displacement of about 60' in their N-S gravity profile
about 1,000' west of its intersection with the Opal Mound fault.
These geometric relations do not <consider lateral offset, and
would still be consistent with the interpretation that the most
significant movement on the fault has been strike slip. A sup-
porting argument can be made that the Negro Mag Wash fault offsets
the northward continuation of the Opal Mound fault to the east.

Another prominent member of the WNW set of linears lies two miles
further north, emerging from the range in the mid-part of section
23 (26S/9W). This zone (WNW-1 and www-é) can be followed west-
northwest for six miles across the valley, with a branch extending

NW from where the fault intersects the edge of the range.

South of the Negro Mag Wash fault about five to six miles, there
are two other prOminent WNW faults, one along the incised part of
Ranch Canyon (WNW-6), and the other half a mile to a mile north of
this (WNW-5). The Ranch Canyon' lTinear WNW-6 can be traced 5%
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miles wNw-ward, where it is cut off by a N-trending fault scarp of
a different system involving westward down-dropping. WNW-5 trends
more nearly northwest for about six miles and then meets an E-W
linear that cuts across the same N-trending fault scarp.

Relative offset on the two faults WNW-5 and 6 again seems to in-
volve right-handed movement. This can be inferred from their
effect on N-trending faults near Tlower Ranch Canyon Road, two
miles west of the Mineral Range. This point is discussed in more
detail later. It is notable that Crebs and Cook (1976) also con-
cluded that faults of this WNW orientation were right-handed on
the basis of their offsets of gravity features in the area of the
geothermal field. '

There are a few other shorter, less consistent, traces of the WNW
set of faults. One is the broad zone (WNW-7) about four mi]es
south of WNW-6. Another is a zone WNW-8 that would intersect the
Opal Mound fault in the northern part of the Opal Mound itself,
north of the 1line between sections 9 and 16 (27S/9W). WNW-9 is a
short zone just south of WNW-8.

N-Trending Faults

Fault scarps of this set (Figure 10) are quite pfominent, and were
in part mapped by Peterson (1975), Nielson et al., (1978), and
Sibbett and Nielson (1980). They often show visible evidence of
vertical movement, almost always with the west or valley side
being down-dropped.

They consist of discontinuous traces, straight or curving, that
form dirregular patterns that branch and intersect. They clearly
represent collapse strucfures in very shallow unconsolidated sur-
face materials resulting from upward propagation of displacement
in more consolidated material at slightly greater depths. These
are apparently major N-trending down-to-the-basin faults that are
currently active in the continuing evolution of this part of the
Escalante graben. (On the other side of the graben to the west,
beyond the area of this study, one can map similar N-trending
faults, forming a symetrical set; on. these, the east side is down-
dropped).

Figure 10 shows ‘the N-trending fault system. There are two main

zones. One passes a mile or two west of the geothermal field, and
the other lies four miles further west.

-17-
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The two zones cannot be traced continuously over the length of the
study area. N-1 and N-2 appear to correspond, but there is a large
gap between them. N-3 1is more continuous except between WNW-4 and
WNW-5.

These discontinuities may partly be explained by local erosion of
the scarps. But there 1is probably another factor. The crystal-
line basement and the Tertiary sequence above it have been sliced
into separate blocks by the major through-going WNW-trending
strike-slip faults.

In the different blocks between these faults, present day down-to-
the-basin movement is probably occurring on different members of
the fam11y of N-trending faults in each block: hence the lack of
continuity in recent scarps along any one of the N-trehding faults.

N-3 1is the westernmost member of this system within the study
area. It 1lies about 1% miles east of the railroad, in the south-
ern third of the area. Followed northwards, it dis cut by WNW-5
and then becomes hard to trace, but can be picked up again about
four miles to the north. Southwards, it curves to a southwest
trend as it passes out of the mapped area, before resuming its
southward course and passing east of Mijlford. The line of fault
scarps of N-3 is straight and almost continuous, with the surface
relatively down-dropped to the west. Short sets of  ENE linears
show tiny right-handed offsets of the N-trending zone.

From the intersection of N-3 with WNW-5, a branch curves somewhat
east of north, aligned with another set of faults that trend NNE
(NNE-6). The trace disappears between the Negro Mag Wash and Salt
Cove faults (WNW-4 and WNW-3), but it is again seen as NNE-8, a
series of fault scarps with west side down. NNE-8 finally inter-
sects with N-1 in the northeastern part of the area.

The second major N-trending zone (N-2) lies three to four miles
further east. In the southern half of the area there are two
lines of scarps that are much more irregular and broken than N-3;
they seem to from two péra1fe1 sets about half a mile apart, repre-
senting a very irregular response bf the shallow alluvial cover to
movements on two N-trending faults at Qreater depth. Above both
fault 1lines, which can be traged'moké than ten miles, the west
side appears to be down-dropped, but within the zone between them
there are locally some scérps down to the east where the cover has
broken into smaller horsts and grabens.

-18-




The southern part of N-2 crosses one of the gravity profiles of
Crebs and Cook, (1976) (profile B) and they interpret it as a
major fault, west side down, with a dip slip of 1500', using a
density contrast of 0.5 gm/cc (Figure 11). '

Although the two zones of N-2 are somewhat discontinuous and cur-
vilinear, it seems clear they are offset both by WNW-5 and WNW-6.
In each case the north side 1is displaced relatively eastward.
This seems to confirm the hypothesis that the WNW set of faults
are right-handed strike-slip faults, and to show that some of the
movement on them post-dates formation of the N-trending faults.

N-2 cannot be traced as far north as Negro Mag Wash, but seems to
reappear again after a 6% mile gap, as N-1. Here there are two
parallel zones that are fairly linear and persistent, three-quart-
, ers of a mile apart. Just north of the boundary of the map there
are two other short parallel linears a little east and west.

If these two faults comprising Nfl can be correlated with the two
faults of N-2, then right-handed offset by the WNW fault system is
again implied.

The fault zone N-2, at its southern end, shows the same curve from
a southward to a southwest trend that was noted 1in describing N-3.
This change in trend corresponds with the gravity pattern portray-
ed by Carter and Cook (1978) just southwest of the index number 4
on their figure 8 (p. 54) which is reproduced here as Figure 12.
A triangular fault block with unusually shallow basement is indica-
ted by the gravity data, which also gives major expression to the
fault zone of WNW-5 and WNW-6.

In the north part of the area, between N-3 and N-1, there is anoth
er segment of N-trending fault traces, this one without obvious
vertical displacement of the surface. It 1is 1labeled N-4 and is
about 3 miles long. The zone changes trend when followed south-
ward, and ends at its intersection with WNW-3 and WNW-4.

In summary, N-3 and N-2/N-1 correspond to major down-to-the-basin
normal faults,  based on seismic, magnetic and gravity data, and
other structural evidence (Figure 12A).

We thus arrive at a picture‘of»the basement cut into a series of

blocks by WNW-trending faults,. (especially WNW-4, -5 and -6),
which are right-handed strike-slip faults. These cut and displace
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the set of N-trending down-to-the-basin normal faults that control
the gross geometry of this part of the Escalante graben.

NNE-Trending Faults

Obliquely extending from the west edge of the fault map (Figure
13) there 1is a narrow triangular area, forming the northwést por-
tion of the map, which is dominated by NNE-trending faults. The
belt runs slightly west of Milford and can be traced on Landsat
imagery a long distance to the south, two or three miles beyond
Thermo, where it ends against the ENE-trending frontal fault of
the Black Mountain block. |

North of Milford, the same fault zone continues to an area about
2% miles west of the northern tip of the Mineral Range: there it
is truncated by a WNW Tinear that is very clearly displaced in the
imagery. The NNE-trending zone is about a mile wide, and can be
traced more than thirty-four miles on the imagery, without break
or deviation.

The east edge of this zone (NNE-1) can be clearly seen on the air
photographs, and can be traced as far as the Negro Mag Wash fault
but no further. However, it appears that WNW-1 and WNW-2 end
abruptly where NNE-1 would pass if its trace were projected. Of
all the WNW faults, only the Negro Mag Wash fault can be traced
across this NNE-trending zone.

West of NNE-1 there are a large number of short linears parallel
to it within the map area; NNE-2, -3 and -4 have been specifically
labeled.

East of it, there are far fewer, though some are seen near Ranch
Canyon (NNE-5) and two other zones 1lie a few miles west of the
Opal Mound and Negro Mag Wash fault intersection (NNE-6 and -7).

NNE-8 1is probably the extension of NNE-6, as mentioned earlier in
the discussion on N-frending’fau]ts, seeming to connect N-3 and
N-1, and to act.as one of the down-to-the-basin fault zones. Most
members of this system of NNE-trending faults, however, seem like-
ly to be steep or vertical strike-slip faults, rather than normal
faults, based on linearity, undeviating direction, and persistence
over more than thirty-four miles. However there is no direct
evidence of the dip of the NNE-trending faults, nor is there
evidence of the sense of displacements on them.

-20-
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One major NNE-trending zone lies immediately south of the area of
the fault map. It is seen very plainly in satellite imagery as a
broad zone extending NNE-ward from the westernmost point of the
southern Mineral Mountains to the area between Ranch Canyon and
Corral Canyon. On the ground it 1is seen to be a zone of Tless
sparse vegetation. On air photos a series of parallel fault
traces can be identified withiﬁ it. It lies west of the series of
rocky knobs that emerge from the alluvium in the broad embayment
of Milford Valley through which The Pass Road makes its way.

ENE-Trending Faults

A conspicuous Tinear feature trending ENE can be seen on the satel-
lite imagery to cross the northern part of the study area. It can
be traced into the area from the southern part of the Pavant Range,
across the northern margin of the Cove Fort basalt field and into
the northern Mineral Mountains just north of Pinnacle Pass. It
then continues across the Milford Valley to the southern part of
the Rocky Range. As it crosses the valley, it appears as a series
of two darkened zones, arranged en echelon. At the east edge of
the NNE-trending linear, NNE-1 it becomes difficult to follow any
further. '

On the air photos these features are not picked up well (Figure
14). At Pinnacle Pass, a series of air photo linears trending ENE
can be traced for about five miles (ENE-1) and at the Pass itself
these were mapped by Sibbett and Nielson (1980).

Parallel to this zone, and three miles north, 1is ENE-2 which is
traceable for six miles. Another two miles to the north, a third
lTinear (ENE-3) extends five miles.

These zones are important to the structural interpretation, not
only because the satellite linear appears to be traceable for at
least many tens of miles, but-because it corresponds in the Mil-
ford Valley to a major feature in the gravity picture developed by
Carter and Cook, 1978 (see Figure 12).

Faulting of this orientation can be inferred to produce several
effects on the gravity pattern. It appears to offset the main
north-trending fault zone on the east side of the graben, between
the index numbers 1 and 2 of Figure 12, with relative eastward
offset of the north side of the fault. Such right-handed motion
is consistent with the pattern of the two en echelon segments

-21-




/ / ! ~\ ; ' ] ' \ | ~— ﬁ\\} ~ . R8W
R10W I — _— S
/ ‘ \ ' —ENE-2 / \ s R9wW \ \\
JP - -
g |1nunmmxmnmlmﬁumnmmnn1u1nmnnnmnlnmnnnnn:lmnnns m&nmmmmnmn}&nm}nmmn:munmmnnnpmnnnnmmumnmnnnm\n\{ln\x?nmmmnmmnmnmnn!xxn!l1nmmnmmzmrmnmemmnmum L S
=/ ) | / / =
£/ — \ P~ Y \ - =
/ = ! - ' =
= - =
\ £ I N - 7 :
. = L - \ §
/g / \ = =
/ = i \\ / 4 =
r £/ =~ | ~ / o /7 -
~E N [~ \ \ \ =N =
/ N§ N Q N y ~—_ = =
E T ! -~ g
T = / 4 J | w - T y""/ E
28 = + \ J / N NN \ =
s = \ /1 o~ T . - ~ \ / =
= 1 N ~ =
= / / + > ‘ \ I N \ =
= ol a8 ~N \\ =
r = - \ 4 ~ I =
= o} AN N =
/ §/ al N / \ ~ , -
= 1 ~ ~ \ \ =
( =7/ i Y oS X~ | =
/ =/ | / \ — £
;;_ 1 \_/ R \ \ 5
- ;/ - 1l ~ \\ ,I —= < / — \ A n %
= 4 ’ —~ IO S g
= /\ S\ / N \ /T~ —= — —~ =
PN [ -~ 7 ~ / 9 pZ ~ =
% / /1 ~ d / SN . \ ~ =
= + 7 T o~ E
1 / i \ \\ / 7/ e —_— /g
= / / / 1 \ P \ oA =
/ £, St \ \\\\ _\\\ enNE— =
\ = Sl - \ —I - ° _— =
E { \\\ s =
\ = ’ =
Vs = i / \ =
= [ | N Figure 14 =
7 W\ E / - /1 _ \ / ENE-TRENDING FAULTS =
\ = /s / | 1 — / T~ / r ~ — =
~ = 1 _ =
JT// /‘L S Lop [ == =
s \ § ; ~ | E
§ 1 \ / . / =
= / 1 . >\ l . =
= 1 -9~ 7 =
. f 4 é
/ \//4:‘{ \} \{ , \ N~ g
/ / >~ ZK ] =
A/ 7/‘Q % ) DN =
/ ~ =
! / [/ / XL =
Vi ~ =
Z N Pl L — =< MMM Boundary of Study Area =
= / ———— =
— + S { // Pt / A“‘\ /;-"‘ ———— — W - - =
= i e ~w =
= / / L7 o LooT———— S 'm =
T = | g’\/ 2 //// / [ \ E
238 ?‘:zmmnnmmmmmxz!m 'mnnmuma’mwmmmmnm A AR s T :?mnnumnxm.,., T S S
""’/-
/ / ™~ -7, NN N\ \



re]ati?e to the overall trend of the satellite Tinear. From a
point on the gravity map just south of index number 1, the zone
can be inferred to pass WSW, cutting the graben into two markedly
different parts, with simple basin geometry to the south centered
around the index number 6, but with a much more complex geometry
to the northwest.

Other areas on the gravity map show evidence of faults of the same
orientation, for example trending southwest from index number 4.
Furthermore, the frontal fault of the Black Mountains block south
of Thermo has this same trend. The magnetics (Figure 12 A) show
the en echelon zone.

Faults of this ENE system, though they are not well represented by
linears visible in the air photographs, are sufficiently important
structurally that they are 1likely to provide major pathways for
upward geochemical transport and thus to be of significance in the
geochemical interpretation.

ENE-4 intersects the Opal Mound fault south of Negro Mag Wash, and
ENE-5 extends between N-3 and N-2 in the Ranch Canyon area. The
fact that tiny offsets of the scarps of N-3 are right-handed con-
firms the concept that these ENE-trending faults are right-handed
strike-slip faults, and are probably close to vertical.

SUMMARY

There are four major sets of faults in the northern part of the

Milford Valley. The simplest are the N-trending normal faults

which show down-dropping on their western side and control the

geometry on the Escalante basin, as indicated by the gravity pic-

ture. They probably dip west at around 60°. This set 1is cut

and in places dﬁsp]aced by the major WNW-trending set, which are
probably vertical rigthhanded strike-slip faults.

The NNE-trending fault zone cutting across the northwest portion
of the area perhaps post-dates the WNW system, since it abpears to
truncate them and remain undeviated by them. It probably repre-
sents a steep zone of strike-slip motion, though there is Tittle
evidence to confirm this hypofhesié except that the zone s
characterized by seismic activity with focal depths greater than
10 km, Ward et al., 1978). ‘

The ENE-trending faults appear to be major right-handed strike-slip
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faults. The en echelon zone appears to have major structural
effects, reflected in the gravity and the magnetic patterns.

The Opal Mound Fault

Interestingly enough, the Opal Mound fault remains something of an
enigma, as its strike lies between that of the N-trending and the
NNE-trending sets. Its strike is perpendicular to the WNW-trending
faults. Gravity data and present physiography indicate current
vertical motion on it, east side down; but this could merely be
the most recent motion. Its dip is not really known. It has not
been identified with certainty in the wells east of it, and is
shown in cross-sections with a 60° eastward dip only because of
the east-side-~-down displacement seen along its surface trace. It
could be vertical or dip west.

The best producing wells, 54-3 and 3-1, are too shallow to reach
the Opal Mound fault if it does dip east at 60°. They were
drilled to 2,882' and 2,728' respectively, while the Opal Mound
fault would be expected at about 3,300' to 3,400' in these wells.
(They could, however, intersect an wunnamed NNW-trending fault
mapped by Nielson et al., 1978).

In well 13-10 the Opal Mound fault would be expected at about
2,100'. Production comes from various intervals between 1718' and
TD at 5,351'. Thus the bottom 3,200' of this wei] would be in the
footwall of the Opal Mound fault, given the model of a 60° dip
to the east. The dip would have to be closer to 80° if the well
is entiré]y in the hanging wall of the fault.

Well 72-16 would have intersected the fault at about 1,500', but
TD was only 1,254".

" Thus the evidence does not demonstrate that there is a clear-cut
relation between production and intersections with the Opal Mound

fault, nor that the direction or angle of dip can really be deter-
mined from the well data.

NNW-Trending Faults

The Mineral Range exhibits a system of NNW-trending faults that
are particuTarlyt common southeast of the field (Nielson et al.,
1978; Sibbeft and Nie1son,"1980). A group of these appears to
trend right into the southeast part of the field from the ridges
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of Precambrian metamorphics, and it has been suggested that these
faults make a major contribution to the fracture permeability of
the reservoir. '

Faults of this kind have not been mapped in the present study of
air photos of the Milford Valley. They would appear to be present-
ly inactive, in the sense that no movement on them has left its
traces on the ground surface in the valley.
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SPATIAL ARRANGEMENT OF THE ROCK MASSES

The previous section dealt with the structural framewokk of the
Roosevelt region and with the major fault and fracture zones that
might provide the easiest pathways for upward geochemical trans-
port to the surface.

In this section, the region in and around the geothermal field
itself 1is examined in more specific detail. The relevant avail-
able data on the form and distribution of the different rock mas-
ses below the surface are reviewed, as a kind of geometric dissec-
tion in three dimensions.

In the mountains immediately east of the field, the ridges and
spurs coming down to the valley are made up of metamorphic rocks
intruded by Terjtary granitic rocks.

The contact between the two is complex, as the metamorphic rocks
form roof pendants in the Tertiary pluton, and numerous Tertiary
dikes cut the metamorphic rocks., Additionally, the contact is in
some places faulted.

The inevitable idirreqularity of such a contact means one cannot
easily determine the sense of displacement along faults that cut
it. Nor can one extrapolate very easily underneath the alluvial
cover in the area of the geothermal field.

The rocks intruded by the Tertiary pluton are of three types: 1) a
sequence of banded gneisses of Precambrian age; 2) hornblende
gneisses that are probably Precambrian; and 3) granodiorites of
unknown age which, to the southeast, cut Cambrian carbonates and

may be Jurassic in age {(Sibbett and Nielson, 1980).

The banded gneiss'sequence consists of light colored, well foliat-
ed genisses and schists that are somewhat variable in composition.
There is some development of migmatite textures. Isoclinal and
ptygmatic folds are common. The hornblende gneiss is a foliated
quartz monzonite which intrudes the banded gneisses. The hiotite
granodiorite or biotite-hornblende granodiorite is a dark colored
biotite granodorite .or biotite-~-hornblende granodiorite that 1is
only weakly foliated. .
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The Tertiary igneous rocks of the pluton in the area of the geo-
thermal field consist of syenites and leucocratic granite, biotite
granite, and some quartz monzonite, and are cut by dikes of aphan-
itic diabase, dark colored fine-grained granite, and microdiorite.
Ward et al., (1978) considered the pluton might be as young as 10
m.y. 1in age on the basis K-Ar data. However, the Precambrian
metamorphic rocks have given a similar date (10.5 m.y.) based on
K-Ar data, énd Sibbett and Nielson (1980) concluded that the Ter-
tiary pluton may be assumed to be 20-29 m.y. in age, with some
more recent thermal event resetting the date.

Production 1in successful wells has been entirely dependent on
fracture permeability in the granitic and metamorphic rocks dis-
cussed above.

One might expect that the various metamorphic and igneous rocks
would be characterized by different fracture densities, and that
some rock-types might thus prove to be better reservoir rocks.
" However, data on production intervals in the field seems to show
no correlation with rock-type, and no observer has commented on
such a relationship. Instead, the key feature seems to be the
intersection of major fracture and fault zones.

Over the geothermal field, between the Opal Mound fault and the
Mineral Range, the alluvial cover ranges up to about 700' thick.
Crebs and Cook (1976) published a series of gravity profiles, two
of which 1ie along E-W lines across the main portion of the field.
Depths to basement were interpreted using a density contrast of
0.5 gm/cc. The profiles show that at the Opal Mound fault, the
basement is deeper on the E side. They estimated the vertical
offset at about 165' on both profile 4,000 N, through the middle
of section 3(275/9w), and profile 2200 N, which runs approximately
through the middle of section 10.

Such relative movement down to the east of the Opal Mound fault
conforms with what is seen at the surface, where Peterson (1975)
observed that the ground was apparently downdropped at least 20'
to the east in the area of the Opal Mound (section 16). She added
that surface displacement at the north end of the fault is proba-
bly about 15' down fo the east.

West of the Opal Mound fault, Crebs and Cook indicated a horst

trending slightly east of north, with the Opal Mound fault forming
the eastern boundary of this upfaulted block. Depths to basement
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over this horst are in places less than 75' according to their
profile 2,200 N near the Opal Mound, and are 117' at hole DH 1 on
profile 4,000 N, some 6,000' further north.

Confirmation of the thinness of the alluvial cover in the area of
the geothermal field comes from other well data such as at well
3-1 (285'), 14-2 (about 260'), 13-10 (about 270'), 72-16 (about
480' but faulted), and 52-21 (about 590').

West of the 0pa1 Mound, the alluvium gradually thickens to the
west. Depth to basement in the center of the Milford Valley has
been estimated by different authors in the range 1.8 km (5,900')
by Crebs and Cook (1976), 1.5 km (4,900') by Carter and Cook
(1978), 1.8 km (5,900') by Tripp et al., (1978), and greater than
1.8 km by Gertson and Smith (1979).

It seems possible that the depth to bedrock in the center of the
basin may be considerab]y greater than 6,000'. Gertson and Smith
(1979) 1in their interpretation of a seismic refraction profile
across the Milford Valley concluded that the overall density con-
trast of the valley fill was much smaller than that used in the
calculations by Crebs and Cook (1976) and Carter and Cook (1978).
Their interpretation of the structure of the Milford Valley was a
three-layer model, in which the surface layer, ranging in thick-
ness from around 300' to around 2,000', corresponds to the Quat-
ernary alluvium. They concluded this upper layer has its maximum
development slightly east of the center of the valley.

The second layer below it was interpreted as a thick section of
Tertiary rocks, with no obvious correlation to any sequence of
rocks seen in outcrop at the edges of the valley. They discarded
the idea that this second layer could consist of Paleozoic or
Mesozoic sedimentary rocks, on the basis of gravity data. They
assigned a density contrast of 0.2 gm/cc but comment that if the
fifth-order residual they used contained 1local anomalies, then
either the density contrast must in fact be larger, or the valley
fi11 must be thicker in order to fit the observed gravity data.
This second layer ranges in thickness from over 4,000', at its
maximum, to zero at the edge of the valley where it wedges out
below the younger alluvium.

The maximum development of the second layer lies somewhat to the

west of the center of the valley (Figure 15, from Gertson and
Smith, 1979).

-27 -




r
b=}
;'E
("]
[+
Q
| .
3 =
| - x
o O —
£
n -
\ a -3
\ Wy 43
- =2
o< ]
o& O —
0(9 O —>
p o
(FY]
-
-
§ <
- >
Q
E o
O (# of
o
(T
= @O-—>
-
<I—J
lll[llllllll]T lllll
8 8 ¢ ~ = o
it (4¥]
' o ) ELEVATION KM(msl)
MGAL
Figure 15

CROSS-SECTION OF MILFORD VALLEY, FROM SEISMIC & GRAVITY DATA

-




To summarize and simplify the details discussed above, we arrive
at the following generalization:

If we could strip the overlying rocks away from the Precambrian
metamorphics and the Tertiary pluton, and Tlook directly at the
shape of the basement surface, we would see spurs of the Mineral
~ Range coming down to around 6,100' above sea level at the eastern
edge of the Milford Valley. In the geothermal field immediately
to the west, the basement level drops to around 300' to 700' below
the surface. At the Opal Mound fault, the basement surface is
upfaulted to a depth of only 75' to 125' before again falling
gradually to the west (with some abrupt steps down-to-the-valley
on two or three N-trending faults), before reaching a max imum
depth considerably 1in excess of 6,000' west of the center of the

valley.

On this basement surface, in this part of the Milford Valley,
there is a thick wedge of Tertiary sedimentary rocks that almost
fills the basin, but wedges out before reaching the margins.

Finally, over this Tertiary wedge, the surface Tayer of Quaternary
alluvium lies as a blanket over the va11ey,'its thickness varying
from 300' to 700' in the geothermal field (where it Tlies directly
on the crystalline rocks) to about 100' just west of the Opal
Mdund fault, and then gradually increasing to as much as 2,000’ in
the east central part of the Milford Valley, before thinning aga%n
toward the west side of the valley. ~

This, 1in essence, is the three-dimensional geometry of the rock
masses which we need to consider in conjunction with the pattern
of fractures and faults discussed earlier, in looking at the sur-
face geochemical patterns.

In the next section, the history and results of the exploration
drilling of the field are summarized in preparation for the de-
tailed discussion of the reservoir later in the report.

RESULTS OF DEEP DRILLING AT ROOSEVELT

The first drilling in the Roosevelt area was in Tate 1967, in the
area of the Opal Mound. Dr. Eugene Davie and Mr. A.L. McDonald
drilled to 80' and _found boiling water; they plugged and abandoned
the hole. A second hole was drilled a few hundred feet further
east to 165'; the water in the hole flashed to steam. This hole
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was also p]ugged, but was then redrilled the following spring to a
depth of 165' where the well became hard to control, flowing steam
and hot water. It was finally plugged and abandoned.

Phillips Petroleum Company began a series of production tests in
the spring of 1975, and additional wells were later drilled by
Getty and by the ATO group composed of Amax, Thermal Power, and
0'Brien Resources.

The well locations are shown on Figure 16. The commercially suc-
cessful wells are Phillips' 3-1 (the commercial discovery well)
54-3, 13-10, 25-15, and 12-35; and ATO0's 14-2 and 72-16.

The non-producing wells are Phillips' 82-33, 9-1, and 24-36; and
Getty's 52-21.

In summary, the results and details of deep drilling are as fol-
Tows, with the commercially successful wells described first, in
the order in which they were drilled.

PPC 3-1 (55-3): TD 2728'; 7" casing at 2210'. Production interval
2210'-2728: tested at over 1.2 million 1b/hr hot water. Loca-
tion: SW4% NE%, Section 3, T. 27S, R. 9W. Drilled April-May,
1975.

PPC 54-3: TD 2882'; 9-5/8" césing at 1804'. Production interval
1804'-2882': reported to flow in excess of 1 million 1b/hr hot
water, over SOOOF, and over 500 BTU/1b: rated "best well".
Location: SW4% NE4%, Section 3, T.27S., R.9W. Drilled July-August
1975.

PPC 12-35: TD 7324': 9-5/8" casing at 1814'. 7" liner to 4500°'.
Reported infiltration of cool surface water: thermal aquifer
above 440°F now lined off: impossible to test satisfactorily.
Location: NW4% NW4%, Section 35, T.26S., R.9W. From NW corner,
330" S., 990' E. Drilled August-October, 1975. '

PPC 13-10: TD 5351'; 9-5/8" casing at 1715'. Production interval
? 1718'-5351'; tested ‘above 1 million 1b/hr hot water at 75-125
psig. Location: Section 10, T.27S., R.9W. From NW corner,
1822' S., 200' E. Drilled October-November, 1975.
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PPC 25-15: TD 7500'; 9-5/8" casing at 2500f. Original TD
planned to be 6000': no flow data. Report of cooling by in-
flow of near-surface water. Less satisfactory than wells to
north. Location: Section 15, T7.27S., R.9W. From W% corner,
330'S., 330'E. Drilled August-November, 1976.

ATO 14-2: TD 6108': 9-5/8" casing at 1805'. Flow tested at
447,500 1b/hr. 355 psia. Maximum temperature 514°F, Net
enthalpy 485 Btu/1b around 4000'. Location SW4%, NW%, Section
2, T.27S., R. 9W. Drilled September-November, 1976.

ATO 72-16: TD 1254': 9-5/8" casing at 1098'. Flow reported at 1.3
million 1b/hr.. 4329 F. 355 psia. Maximum temperature
470°F. Hot water entries at 312', 500', 625' and 1244'.
Location: Section 16, T. 27S., R. 9W. from NE corner, 990'S,
990'W. Drilled November-December, 1976.

Data for the non-producing wells are as follows:
Phillips 9-1: TD 6885'. Bottom hole temperature 446°F; 1ow

perﬁeabi]ity. Very small flow. Location: NW4 NE%, Section 9,
T. 275., R. 9W. Drilled March-April, 1975.

Phillips 82-33: TD 6028'. Permit to deepen requested. 13-5/8"
casing to 575°'. Temperature between 300° and 350°F.
Possible injectidn well, Location Section 33, T.26S., R.9W.
From NE corner 1284'S., 77' W. Drilled November-December,
1975. ‘

ATO 24-36: TD 6107'. Location: SW4NW4%, Section 36, T.26S., R.9W.
Drilled November-December, 1977.

Getty 52-21: TD 7478'. Temperature 402.4°F at TD. No flow.
Location: NEY% NW%, Section 21, T.27S., R.9W. Drilled February-
May, 1978.

There have been no further deep tests since Getty's drilling of
52-21, except for a well about five miles WNW of the field that
was drilled to over 12,501 in March-July 1979. This is McCulloch's
Acord #1-26, in the SW4%, Section 26, T.26S., R.10W. Full results
have not been released, but economic reservoir temperatures were
reached.
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MASS AND ENERGY FLOW SYSTEMS

TEMPERATURE GRADIENT AND HEAT FLOW PATTERNS

By' 1977 shallow temperature gradients had been measured in at
least 39 holes, and the results were described by Si1l and Bodell
(1977). More recently, Wilson and Chapman (1980) have described
and discussed data from 53 holes, 39 of them s1im temperature
gradient tests, and four of them the deep tests 72-16, 14-2, 9-1
and 52-21, | |

Sill and Bodell published a series of three thermal gradient con-
tour maps based on data from different depth intervals: 30-60 m,

60-100 m, and below 100m. In the shallowest of these, for the
interval between 30 and 60 m they showed two maxima, one (960°C/km)
in the southern part of the field in the area of wells 72-16 and
25-15, and a second maximum (944°C/km) north of the Negro Mag
Wash fault about 3000 feet southwest of well 82-33 near the Salt

Spring south of Salt Cove.

In the series of measurements approximately on the east-west line
through wells 72-16 and 25-15, there is a symmetry on each side of
the area of maximum values, with gradients decreasing equally both
to east and west. The pattern gives no indication of a difference
between the productive area of the field of the Opal Mound fault,
and the apparently barren area to the west. In fact to the east,
at the boundary of the Mineral Range, the contours are shown as
indicating a continuing fall 1in gradient, whereas for several
miles to the west the values continue to remain high, slightly
over 200°C/km.

In the northern part of the field a lobe to the northwest is pre-
sent in the shape of the contours, though the details show that
the Tobe had to be drawn somewhat arbitrarily due to Tlack of data
points. One reading to the west, just north of Negro Mag Wash
fault gives 3939 /km, suggesting another interpretation of the
shape of the lobe that would involve a more westward or WNW-ward
trend to the axis of the lobe, rather than the NW direction which
is given. (Later data supported this rather different interpreta-
tion of the pattern, as discussed below).

The plot for the intermediéte depth interval from 60 to 100 m
again shows two maxima, the southern one in the same location as

I
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in the 30 to 60 m interval, near well 72-16 and 25-15. The north-
ern one is displaced about 1,100 feet from the equivalent 30 - 60
m maximum. In this intermediate level of 60 to 100 m, the maxima
are 5759 /km and 482°C/km, slightly over half the values ob-
served in the interval 30 to 60m. The number of data points at
this depth 1is much smaller, and contouring here shows a lobe in
the area southwest of the field.

The final map of the three, presenting data in those wells that
were drilled below 100 m, shows a curving ridge of higher values
that follows the Opal Mound fault, extending from slightly south
of well 72-16 up to the west of wells 54-3 and 3-1, through 82-33
and on to the northwest (though here again there is only a single
data point in that area to constrain the pattern that 1is inferred
from the data).

-Si11 and Bodell noted the coincidence of their patterns of maximum
temperature gradients with the patterns from the first separation
dipole-dipole work of Ward and Sill (1976, Figure 1). The resist-
.ivity pattern in the area west and northwest of the intersection
“of the Opal Mound and Negro Mag Wash faults may in fact have in-
fluenced the contouring of the temperature gradient data in that
area. It is interesting to note that one reading on the dipole-
dipole traverse 5950N just north of the Negro Mag Wash fault is
the lowest value in the whole survey, 1 ohm-meter, though this is
an isolated value among a series ranging from around 20 to 40
ohm-meters.

Wilson and Chapman, benefiting from the advantage of 14 additional
data points, show in their map of surface conductive heat flow
(Figure 17) a much more westward trend in the elongation of the
lobe northwest of the ffe]d. Their map shows a very striking
contrast between areas north and south of the Negro Mag Wash fault.
While some of this could be subjective because of the small number
of data points west of the field, the pattern is consistent with a
plume of near-surface hot water moving WNW on the north side of
Negro Mag Wash, with much less indication of such near-surface
flow south of Negro Mag. Wash. However, it could also indicate
near-surface leakage from the Negro Mag Wash and Salt Cove fault
zones west of the Opal Mound fault.

The average temperature gradient for Basin and Range conditions in
Utah 1is about 35 to 40°C/km; in the Roosevelt region observed
gradients range from around one third of that value to as much as
3331°/km in the near surface part of well 72-16.
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For this present study, it is important to interpret the pattern
of temperature gradients and heat flow in terms of conditions at
depth. Wilson and Chapman make a different interpretation than
the one preferred here. They admit that their procedure involves
computing conductive heat 1leaking from an obviously convection
dominated system. They do consider that the small lobe that pro-
jects eastward along the Negro Mag Wash fault is related to a
"near surface feature and does not necessarily represent the res-
ervoir geometry." And they comment on the strong fault control of
the heat flow pattern. However in projecting downwards from the
surface in order to assess the size and shape of the reservoir,
they conclude that the northwest plume area, and the eastern spur
| just mentioned, are features still present 400 m below surface
(Figure 18).

The avaijlable data on the reservoir are not sufficient to prove or
disprove the concepts shown in the figure for the reservoir shape,
with its e]ongaté reservoir extension to the northwest and west
north of the Negro Mag Wash fault. However, the method of calcu-
lation does not seem to be applicable to the sjtuation at Roose-

velt, for the following reasons.

Wilson and Chapman comment on the difficulty of separating conduc-
tive and convective regimes. At this point there is perhaps a
problem with semantics. In a well it is easy to break the temper-
ature-depth curve into isothermal sections thch clearly represent
convective circulation, and sloping gradients that represent con-
ductive cooling. Looking at the heat f1low map of Roosevelt, the
question 1is: what aspects of the map express an upward conductive
heat flow that would enable one to map out and delineate the field
at depth, and what aspects are distortions of that picture produced
by vertical upflow of geothermal fluids, and lateral motion in the
shallow subsurface of hot plumes of geothermal brine?

This s critically important because in interpreting geochemical
features at the surface, it is important to distinguish between
elements in.the heat flow pattern that are related to conduction
and express the Tlateral variation 1in temperature at vreservoir
depth, from elements in the pattern that are related instead to
shallow plumes. It is easy to see how geochemical signatures at
the surface  can be produced as a result of the massive upward
movement of fluids, and the existence of lateral flows of brine at
relatively shallow depths. It is less easy to see how a signature
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confined to the area vertically above the deep reservoir itself
could be picked up on surface, without being smeared out by the
near surface plumes.

It seems clear that the temperature gradients in the shallow holes
in fact portray the lateral yariation of temperature at relatively
shallow depths, and are profoundly influenced by near-surface
lateral flows of hot fluids fed to shallow Tlevels up the Opal
Mound fault and the Negro Mag Wash fault (and possibly a few other
minor vertical conduits).

However, Wilson and Chapman argue along the following lines. They
agree on the difficulty of distinguishing between convection and
conductive regimes, and propose to resolve it by separating the
zones above and below the water table. Above the water table,
they <consider that non-linearity in temperature/depth curves,
which produces the key problem in downward extrapolation from the
surface, could be caused by: 1) changing rock composition and/or
porosity; 2) water vapor movement from evapotranspiration; 3)
lateral heat conduction; 4) increasing water saturation as the
water table is approached from above; ahd 5) temperature-dependent
thermal conductivity. Discussing UU 75-1A, they observe that the
~rock in the hole is uniform, which rules out item 1. Item 2 they
compute to be negligible, and item 3 to be sufficiently small to
be ignored. Of the remaining possibilities, 4 and 5, they deter-
mine that the only significant effect is that of increasing water
saturation with depth.

Below the water table, non-linear temperature/depth profiles can
be caused by: 1) change in thermal conductivity as a function of
composition, temperature, and porosity; 2) convective lateral heat
transfer; 3) vertically flowing water; and 4) heat production from
exothermic clay alteration reactions. Again bonsidering Uu-75-1A,
item 1 is eliminated as being negligible. To evaluate the rela-
tive importance of the other three mechanisms, they agreed that it
would be necessary to solve simultaneous equations for the conser-
vation of momentum and mass flow, conservation of energy, and
Darcy's Law. Instead, they use an approximation which they admit
"neglects any contribution from free convection, turbulence, and
lateral heat transfer. Since no hydrologic information was avail-
able to analyze the magnitude ,of the contribution from convective
lateral heat transfer, it will .be ignored here. However, this
contribution could be substantial in the region above the reser-

voir."
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They determine that, ignoring 1lateral heat transfer, vertical
water flow is the dominant mechanism causing curvature in tempera-
ture profiles below the water table. They go on to say that their
"consistent assignment of gradients at 30 m does not define the
thermal nature within the deep geothermal system, but it is valu-
able in outlining near surface geometry and the extent of the
system." This is the key point. Their method "can be applied to
regions above a hypothesized reservoir where conductive heat trans-
fer dominates." Thus the method is valid for determining condi-
tions in the near-surface zone of upwelling and lateral motion of
shallow discharge, but it does not provide a picture of the deep
reservoir itself. -

The picture that seems to be most valid on the basis of the data
presently available is one of maximum heat flow along a line paral-
lel to the Opal Mound fault, with gradients falling symetrically
to the east and west, and with a southern termination correspond-
ing to the zone between wells 72-16 and 52-21. In the north the
zone north of the Negro Mag Wash fault appears to be leaking, even
west of the Opal Mound fault, and producing a noticeable plume of
near-surface hot brine flowing WNW along the main direction of
ground water flow.

It is interesting to note that west of the southern part of the
field the temperature gradients fall for about a mile and a half
and then begin to. rise again on the west side of the fault scarps
of N-2. Just beyond these fault scarps gradient holes GPC-14,
GPC-15 and TPC-10 show heat flow values of 336, 282, and 374
me'Z. At a distance of three quarters to one and a half miles
west of N-2 the gradients are higher again: in GPC-6, PPC-WW2, and

TPC-4 they are 430, 438 and 430 mWm ™2,

These measured gradients appear to indicate that further leakage
of hot brine may be occurring at depth in this zone. Wilson and
Chapman comment on the possibility of water leakage from an imper-
meable upthrown block in this area. In a later section, confirma-
tory evidence from well chemistry is discussed.‘
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THE SHALLOW GROUNDWATER FLOW SYSTEM

The shallow groundwater system in the alluvial valley-fill of this
part of the Escalante graben has been well described by Mower and
Cordova (1973, 1974).

Irrigation wells in very Tlarge numbers exist in the fifty square
miles south of the town of Milford, where agricultural development
has been extensive, and overpumping has produced large declines in
the level of the water table, as much as thirty feet in some wells.

Away from that area, well control is sparse, but it has still been
possible to develop a picture of the shape of the potentiometric
surface (Figure 19) from which the directions of ground water
flow, generally perpendicular to the contours, can be read.

In the area of the KGRA, contours were omitted for lack of data,
but they would clearly run north-northeast, with a progressive
steepening of the slope of the water table as the edge of the
range 1is approached. The movement of near-surface groundwater in
the area of this study would thus be towards the west-northwest;
velocities of water movement would probably be on the order of
feet per day.

Within the alluvium of the main part of the valley, three main
productive aquifers have been recognized and developed, with a
combined thickness that reaches a maximum of over 800; about twenty
miles south of Milford.

In the section of the valley west of the geothermal field, the
aggregate reservoir thickness seen in the wells 1is between 100’
and 300'.

Northwest of the field, this thickness is reduced over a wide area
to Tess than 100', a change that could correspond to a possible
flow path of mixed geothermal and non-thermal water; alteration,
coi]apse of porosity, or mineral deposition over a long period of
" time may have reduced aquifer capacity.

Mower and Cordova (1973) estimated that approximately 14 million
acre-feet are in storage in the valley, less than half of which
may be recoverable. Annual recharge in 1970 and 1971 amounted to
an average of 58,000 acre-feet while discharge averaged 81,000
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acre-feet, of which 56,100 acre-feet was pumped from the irriga-
tion wells.

In the main reservoir zones, Mower and Cordova (1973) estimated
the transmissivity as ranging from about 1000 to slightly more
than 40,000 ftz/day, the higher values being found in the cen-
tral part of the valley where the section is characterized by
thick, well-sorted coarse sands and gravels. The storage coeffi-
cient is estimated to range from about 0.001 near the central part
of the valley to 0.2 on the edge of the valley. Smith (1980), in
developing a model to test the hypothesis of interbasin flow from
the Beaver Valley into the Milford Valley, chose to use values for
hydraulic conductivity in the range 0.1 to 10 ft/day for the Mil-
ford Valley alluvium. For the Tertiary valley fill below the
Quaternary alluvium, Smith used the range 10'6 to 10'3 ft/day.

Water table depths in the Milford Valley west of the geothermal
field are generally a few tens of feet, increasing to perhaps as
much as 200' to 300' near the edge of the mountain range.

Composition of the shallow groundwater in the period 1970-1972
averaged 569 mg/1 TDS in the wells, and 530 mg/1 in the springs.
The geothermal brines by contrast generally have 6,000 to 7,000
mg/1 TDS.

To summarize the shallow, non-thermal groundwater system: a simpli-
fied picture adequate for the purpose of this work involves WNW-
ward movement of cold shallow groundwater within the alluvial
valley-fill across the area of the geothermal field and its sur-
roundings, down into the center of the valley where the flow turns
northward to an exit at the north end. The water table is from
100' to 300' below ground surface in the area under study. The
groundwater contains Tess than 600 mg/1 TDS.

Into this cold WNW-ward flow of groundwater, the geothermal fluids

rise: hot Tliquid brines, steam, COZ’ HZS’ and other gases.
The pattern of mixing between the rising geothermal fluids and the

shallow groundwater is expressed in the pattern of chemistry and
temperature of the near-surface waters, which are discussed in the
next section. '
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CHEMISTRY OF THE SHALLOW GROUNDWATER

In order to place in perspective the chemical data on the reservoir
fluids presented later, the available analyses of non-thermal
surface groundwaters in the Milford Valley, taken from wells and
springs, have been plotted in Figure 20A and B. The data are
biased by the Targe number of observations in wells in the
irrigated farming district immediately south of Milford.

However, most of the areas of the valley are represented in the
data. There is an obvious and striking contrast between the geo-
thermal brines, which plot in a very small field in the upper
right section of Figure 20 A, and the shallow groundwaters. The
- former averagé 6,000 to 7,000 ppm TDS; the 1latter average 1less
than 600 ppm TDS.

In Figure 20A and B, well samples 4, 5, 6, and 7 stand out as
atypical, with relatively high Na, K and Cl values, <closer in
composition to the geothermal brines than to the shallow
groundwaters of the valley. Total dissolved solids are: 4,600 ppm
(4); 2,940 ppm (5); 1,840 ppm (6); and 647 ppm (7). Locations of
these four wells are shown 1in Figure 21. The pattern suggests
that the analyses may be demonstrating an admixture of geothermal
brines into the normal Va]1ey groundwater.

While wells 4 and 5 are 1% to 2 miles west of Reed, and thus loca-
ted northwest of the field, wells 6 and 7 are due west of the main
section of the Opal Mound fault. As the hydraulic gradient pro-
duces a flow to the WNW from the Roosevelt area, the presence of a
component of ‘thermal water in wells 6 and 7 would only be consis-
tent with westward leakage of geothermal brines along the whole
stretch of the Opal Mound fault, and not just north of the Negro
Mag Wash, which would be another piece of evidence that tends to
contradict the idea that the Opal Mound fault acts as an imperme-
able seal, and constitutes a total barrier preventing geothermal
fluids from passing directly westwards from the main part of the
field.

However, an alternative explanation is, of course, that another
zone of leakage exists between the field and wells 6 and 7, be-
neath the alluvium of the Milford Valley west of the field. The
heat f]ow'pattern there suggests that this may in fact be occur-
ring, as discussed in the previous section'of this report.
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It is unfortunate that so T1ittle data has been published on the
chemistry of groundwaters immediately around the geothermal field,
because it is important for the present geochemical study to know
as accurately as possible which parts of the area are underlain by
groundwater containing some component of leaking geothermal brines,
and which are not.

The waters in the main area of irrigation wells typify the valley
fill groundwater (see the main cluster of points in the bottom
left quarters of Figures 20 A and B). They are calcium - magnesium
sulfates and bicarbonates, generally with less than 1,000 ppm TDS.

Spring samples 70 and 71 represent the recharge of calcium bicar-
bonate waters from the mountains.

However, much of the recharge to the shallow aquifers in the farm-
ing area around Milford is by infiltration from irrigated fields,
so the concentration of dissolved solids is tending to increase
there with time, and therefore to increase toward the north end of
the idrrigated area down the hydraulic gradients. At the same
time, chemical reactions are producing changes in composition.
Wells 8, 10, 12, and 13 are all within a mile or so of Milford, at
the north end of the idrrigated district. They 1illustrate this
effect, being displaced on the plot away from the cluster of sam-
ples from the main irrigated area. They are displaced in the
direction of the Na and K corner of the plot.

The trend representing this process 1is thus toward increase 1in
sodium and potassium but dinvolves a reduction in chioride, not an

increase.

The trend for wells 4, 5, 6 and 7 1is quite different. It involves
increase in sodium and potassium, but also an increase in chloride.

Hence, the conclusion drawn here that the wells 4, 5, 6 and 7 show
evidence of mixihg with geothermal brines, and that their composi-
tion is not a function of non-thermal geochemical processes in the

valley fill.
This conclusion has two implications. It implies that geothermal

reservoir conditions may exist west of. the Opal Mound fault, 1in
the valley.
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It also implies that 'the area southwest of the intersection of the

Negro Mag Wash and Opal Mound faults may be one of westward flow

of geothermal brines- in the shallow subsurface, similar to the
more obvious plume of brine long recognized to exist north of the

Negro Mag Wash.
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THE ROOSEVELT FIELD

EXTENT OF THE RESERVOIR

The location and extent of the reservoir at Roosevelt has general-
ly been defined on the basis of the temperature gradient pattern
and the results of the deep tests described earlier in this report.
The pattern of variation in temperature gradients has outlined an
area of high heat flow (Figure 17) centered roughly along a four
or five mile section of the Opal Mound fault, though the heat flow
anomaly is aligned somewhat more north and south than the trace of
the fault, and there is a pronounced lobe extending north and west
of the intersection of the Opal Mound and Negro Mag Wash faults.

BOUNDARIES OF THE RESERVOIR

The Opal Mound fault has wusually been regarded as the western
boundary of the field, on the basis of Phillips' well 9-1, which
proved to be hot but dry, and two other strat tests of Phillips,
one 1700' and the other 2300' deep. The horst between the Opal
Mound fault and well 9-1 is thought to be a strip of hot dry rock
sealed from the main reservoir to the east by the Opal Mound fault
itself.

However, the Opal Mound fault has clearly provided a major pathway
to the surface for geothermal fluids, and because the zone to the
west of it has been tested only by the single well 9-1, the con-
clusion that the zone 1is hot but dry is perhaps unjustified. (It
is tempting to draw that conclusion, however, as a basis for com-
paring the geochemical signature above a zone of hot dry rock with
that above a reservoir.)

The southern boundary of the field is usually taken to correspond
to two fault zones between the productive Phillips well 25-15 and
Getty's 52-21 about a mile to the southwest. This boundary cor-
responds with two faults that were inferred on the basis of resis-
tivity, gravity, and photo-interpretation (faults 2 and 4 of Ward
and Sil1l, 1976, Figuke 4)Y. It also corresponds to the noticeable
change in trend of magnetic features in the magnetic anomaly map

.of Carter & Cook (1978).
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The eastern boundary of the field is a rather more arbitrary zone
in the foothills of ~the Mineral Range in which the temperature
gradients gradually become 1less to the east. The boundary is
therefore economic, more than physical. There is no indication of
an abrupt break, though the fall 1in temperature gradients does
become more rapid once one passes somewhat east of well 14-2,
There is a lobe of high temperature gradiehts along the eastern
extension of the Negro Mag Wash fault, clearly related to the flow
of hot fluids near surface on that fault.

The northern boundary of the field is the most difficult to define.
The northernmost potentially productive well is 12-35, where infil-
tration of cool surface water was reported, but temperatures in
excess of 440°F apparently exist. The high temperature gradi-
ents continue to be observed for perhaps a mile north of 12-35,
but there have been no further tests in that area. A mile west of
12-35, Phillips' well 82-33 proved disappointing with temperatures
between 300°F and 350°F.

In some of the temperature gradient data in this northern area,
there are temperature reversals at depth, and the heat flow pat-
tern to the north and west of the intersection of the Opal Mound
and Negro Mag Wash faults has generally been interpreted as relat-
ed to a plume of relatively near-surface hot water, "“overflowing
from the field and being carried northwest" by the general move-
ment in the near-surface groundwater regime.

However, the heat flow pattern (Figure 17) is not entirely consis-
tent with that interpretation but suggests rather that geothermal
fluids may be rising along the Negro Mag Wash fault in a zone that
extends west for at Tleast four miles from its intersection with
the Opal Mound fault. The temperature gradient pattern is in fact
consistent with the idea that geothermal fluids are rising from
depth in the WNW-trending zone of both the Negro Mag Wash and Salt
Cove faults. But defining the reservoir in terms of the surface
pattern of temperature gradients is. probably misleading in any
case. The temperature gradient pattern is clearly very much an
expression of upward movement of geothermal fluids into the near-
surface zone along the Opal Mound and Negro Mag Wash faults. The
heat-flow anoma1y is, in fact, centered'about the intersection of
these two faults.

A more accurate picture of the location and areal extent of the
geothermal reservoir might have been visible if the pattern of
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conductive gradients had not been so distorted in the upper few
thousand feet by the effect of major upward transport of hot fluids
along the two major fault zones.

Trying to define the field another way, in terms of results of
production tests, one sees more clearly how little the field is in
fact known. Looking again at the four boundaries of the field,
one sees that, to the west, the disappointing results of 9-1 dis-
couraged any further drilling west of the Opal Mound fault, al-
though Peterson noted that linear ridges west of the Opal Mound
fault may represent relics of earlier, now sealed faults that were
formerly part of the geothermal leakage system reaching the sur-
face. Also, Jjust south of the Negro Mag Wash, the Opal Mound
fault has a branch trending northwest, along which large areas of
silicified alluvium give clear evidence of earlier Tleakages to
surface in the area west of the Opal Mound fault.

To the south, the boundary has been defined solely by the single
unsuccessful well, 52-21. The eastern boundary is known only to
show gradual increase in depth to commercial temperatures, from a
gradient test and a single test well, 24-36. The northern boun-
dary is even Tless well known, with inconclusive data from 12-35
and no further dfi]]ing north of that.

Much more is known about the main area that has been drilled, and
the next section discusses the three-dimensional geometry of the

caprock and the reservoir.

DETAILED GEOMETRY OF THE CAPROCK AND THE RESERVOIR

To interpret the pattern of distribution of geochemical anomalies
at the surface above the known geothermal field, requires at least
a generalized picture of the three-dimensional geometry of the
rock masses, i.e. the depth and form of the cap, and of the upper
surface of the reservoir itself,.

Part of the cap is clearly visible at and near the surface along
the Opal Mound and Negro Mag Wash faults, but these zones of seilf-
sealed rocks are obviously upward projecting extensions from the
main portion of the cap produced by precipitation from hot waters.
flowing up along the faults and escaping at the surface.

Below the surface we have data from several wells, and can esti-

mate conditions in some of the other proprietary wells from the

casing programs.
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For well 14-2, Bamford, Christensen and Capuano (1980) have sum-
marized data on the caprocks. They interpret the zone of self-
sealing to run from around 800', or a little higher, down to 1800';
the base of the cap is thus around 1800' below surface.

In well 54-3, casing was set at 1,804', suggesting that the base
of the cap may be around 1,800' in that hole also. In 3-1 casing
was set at 2,210' which may imply that the bottom of‘the cap there
is slightly deeper, but still around 2,000'.

In 72-16, Bamford et al., (1980) considered the cap extends from
close to surface to 650' or deeper. The logs suggest the bottom
of the hole, below 1,245', may provide the major part of the pro-
duction. The base of the cap may therefore be close to 1,200' in
this part of the reservoir.

It hardly needs to be emphasized that the cap is not a totally
distinctive, continuous layer of complete alteration and self-seal-
ing in the granitic and metamorphic rocks, but is instead an ir-
regular and discontinuous zone characterized by varying degrees of
alteration and fracture filling, with idrregular upper and Tower
surfaces; its geometric details are related both to presently
active and to formerly active major and minor fluid pathways res-
ponsible for the formation of the cap in the past and at the pres-
ent time.

If we extrapolate from the data in the wells, using the assumption
that the cap 1is related broadly to the form of the isothermal
~surfaces as we see them today (which involves assuming that the
cap is mainly related to the form of the present geothermal reser-
voir) then we can formulate a picture in which the upper surface
of the cap lies somewhere between the surface and a depth of 1,000'
in the area close to the Opal Mound fault, and falls to greater
depths towards the east and west. The base of the cap (i.e. the
top of the reservoir) is generally 2,000' deep in the area where
the Opal Mound and Negro Mag Wash faults intersect. It is some-
‘what shallower a Tittle further south (about 1,200' at 72-16), but
becomes progressively deeper to the east, to the west, and to the
south. If well 52-21 is viewed as lying entirely within the zone
of self-sealing that constitutes the cap, then the base of the cap
rapidly deepens to the south of well 72-16 to more than 7,500'.
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North of the Negro Mag Wash fault, in the area of wells 82-33 and
12-35, data on the depth to the top of the reservoir are not avail-
able. In 12-35, a thermal aquifer in excess of 440°F is report-
ed to be lined off, presumably in the zone between 1,814' and
4,500"'. The top of the reservoir here may thus be somewhere in
this range below 1,800"'.

The base of the reservoir has not been reached in any of the pro-
duction wells.

RESERVOIR CONDITIONS

The geothermal reservoir at Roosevelt is hot-water dominated. The
reservoir fluid is very close to a pure sodium chloride brine in
composition, with between 6,000 and 7,000 ppm TDS. Silica ranges
up to about 380 ppm: pH is between 6 and 8 in surface samples.

Subsurface temperatures reach well over SOOOF, and successful
wells produce over 1 million 1b/hr of fluids. Pressure is slight-
ly over 2,000 psi.

Geothermometry gives estimated temperatures similar to those ob-
served in the wells with values up to 563°F from the Na-K-Ca
geothermometer. Equiiibration at reservoir temperature 1is thus
indicated by the chemistry. The reservoir volume appears to be
large relative to the present minor rate of discharge at the sur-
face, and the reservoir fluids evidently have a relatively 1long
residence time.

The reservoir rocks are the granitic intrusives of the Tertiary
Mineral Mountains pluton and the metamorphic gneisses and schists
which it intruded. Intergranular porosity of the reservoir rocks
is essentially zero, and the reservoir depends purely on fracture
permeability. '

Strong convective movement seems to be occurring within the reser-

voir, taking advantage of the throughgoing fractures: chemical
analyses show very little variation from one well to another.
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FLUID CHEMISTRY

Table 1 gives chemical data from production wells 54-3, 3-1, 14-2,
and 72-16; from the "dry" wells 9-1 and 52-21; from the springs of
Roosevelt Hot Springs, and from the small seep about 1,300' north-
west of the springs.

Figures 22A and B are plots of these analyses, showing how similar
in composition the waters from the producing wells are to one
another, and to the discharge that formerly occurred at Roosevelt
Hot Springs. '

The chemical composition of the seep indicates that some mixing
with a small proportion of cold surface groundwater has probably
occurred.

The waters in wells 52-21 and 9-1 also appear to be mixtures of
reservoir fluids with a small percentage of groundwater, perhaps a
little 1less than 10%. Such an interpretation would, if it s
correct, refute the concept that the horst west of the 0Opal Mound
fault is completely sealed and prevents reservoir fluids from
passing westward into the area of well 9-1; and that the southern
boundary of the field is a similar zone of total sealing between
wells 72-16 and 54-21. Wells 9-1 and 52-21 may be in communica-
tion with the reservoir. The Tlower temperatures and slightly
diluted compositions found in 9-1 (BHT 446°F) and 52-21 (BHT
402.5°F) would be compatible with this concept of mixing, for
example if the hot water component of the mixture in 52-21 were
around 480°F. ‘

The alternative explanation, of course, is that the hot waters
sampled in wells 9-1 and 52-21 belong to separate, isolated flow
systems, and have equilibrated at the lower temperatures observed
in the area of these two wells. But Na-K-Ca geothermometry, how-
ever, gives 504°F for well 9-1. (For 52-21 it gives about
425° to 440°F).

MINOR ELEMENT CHEMISTRY

To supplement the data on compositional variation 1in the major
elements in the geothermal fluids, Table 2 is a 1listing of avail-
able data on minor element composition of the reservoir fluids.
These data are significant in terms of the patterns of element
distribution seen in the hydrothermal alteration zones, in the hot
spring deposits, and in the soils and the surface microlayer.
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ROOSEVELT
54-3 3-1 14-2 72-16 9-1 52-21 H.S. SEEP

a b a b a b ¢ a b c a - b c a b a b. c
Na 2000 2000 2437 2150 2200 1800 2000 2072 2210 2000 1780 1845 1900 1900 2080 2500 1840 4200 1800
K 400 410 448 390 . 410 380 400 403 425 374 440 237 218 216 472 488 274 378 280
Ca 7.0 10.1. 8.0 - 9.2 6.9 12.4 12.2 31 83 41 69.1 106 114 107 19 22 122 133 107
Mg 0.1 0.24 0.01 0.6 0.08 0.29 0.29 0.26 -- 0.74 1.0 5.2 3.9 4.0 3.3 0 25 17 23.6
C1. 3600 3400 4090 3650 3650 2110 3260 3532 3800 2140 2860 2810.8 2885.1 2881.6 3810 4240 3210 3800 3200
HCO3 200 200 180 185 185 181 181 181 -- -- 485 602.9 550.0 615.0 158 156 298 536 300
504 55 54 5 78 60 33 32 48 122 67 120 78 86 85 65 73 120 142 70
S1'02 _ ' 364 362 190
TDS 6700 6442 7067 -- -- 6074 6444 6752 - 6520 -- 5940 5727 5677 7040 7800 6063 7506 5948
pH 6.2 6.7-7 6.3 5.9 6.2 7.83 7.53 5.0 -- 5.9 7.3 6.4 7.3 7.3 -- 7.9 6.5 8.2 6.43
T(OF) -- 260 205 14 9 -- -~ 92 -- -- 70 -- -- -- .83 55 25 17 28
Geother-
mometer
Na-K-Ca 295 293 292. 256 293 289 288 274 262 -- 227 219 219 293 284 235 246 239

TABLE 1: Summary of Chemical Analyses, Geothermal Brines




TABLE 2: Minor Element Composition of Reservoir Fluid

Element ppm
Ba 10.26
Cu 0.2

As 3.-3.6
Li 15 - 28
B 23 - 38
F 2.8-6
Br 5

Pb 0.18
Zn 0.2

Mn 0.2

Rb 3.9

Be 0.004
Cs 5

Sr 1.5

Ce 3

Source: Bamford et al. (1980)
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One notable point is the high boron content. Along with the struc-
tural setting and other features, the evidence suggests that the
Roosevelt reservoir as it is presently known may be a differentiat-
ed, high-level reservoir that is connected with and evolved from a
-.deeper geothermal system. This 1is an important and encouraging
point in terms of the geothermal potential of the areas surround-
ing Roosevelt.

ORIGIN OF THE RESERVOIR FLUID

The origin of the reservoir fluid has been discussed by Bowman
(1979) and Rohrs and Bowman (1980), whose work on hydrogen and
oxygen isotopes (Figure 23) indicated that the reservoir fluid is
derived almost entirely from surface water of local meteoric ori-
~gin: rainfall and snow melt in the Mineral Range could provide
most if not all of the recharge. The possibility of some small
contribution from the Tushar Mountains (the next range east of the
Mineral Mountains), by interbasin flow across the Beaver Valley
and under the Mineral Mountains, was found unlikely in Smith's
(1980) simulation using reasonable patterns of hydfau1ic conduct-
ivities and gradients.

Work on isotopes has also confirmed the picture of minimal perva-
sion of the massive reservoir rocks by the reservoir fluid, and
permeability that is confined almost totally to the fracture sys-
tems.

THE RESERVOIR FLOW SYSTEM

The reservoir system is most easily examined by looking first at
the reservoir and then at the system of leaking fluids and gases
which rise to the surface from it.

Detailed data on the reservoir are unfortunately fragmentary,
because of the proprietary interests of the operators. Phillips
is in the especially difficult position of developing the field
while some of the other lease holders in the KGRA have not signed
the unit agreement for field development; yet its staff has been
extremely cooperative and helpful in the work described in this

report.
The reservoir fluids are sodium chloride brines with about 6,000

to 7,000 mg/1 TDS. That the 1liquid mass in storage in the reser-
voir 1is large relative to the amount of discharge is indicated by
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the carbon isotope data, though this picture could be distorted by
thermal effects remobilizing 13C from the surrounding rocks.
However, a long residence time for water in the reservoir is also
suggested by the low tritium values (less than 1 TU) which indi-
cates an age greater than twenty years. (Data for 1local cold

spring water in the Mineral Mountains shows 50 to 70 TU).

Another piece of evidence pointing in the same direction is the
very close agreement between observed reservoir temperatures and
those calculated wusing various geothermometers. The reservoir
waters have reached equilibrium with the granitic country rocks at
reservoir temperatures. The 180 shift relative to meteoric
waters also shows equilibrium conditions, and a 1long residence

time at high temperature.

TEMPERATURE DISTRIBUTION AND CONVECTIVE CIRCULATION

Details of temperature distribution within the reservoir are not
well known. Apparently the production wells show isothermal con-
ditions below the point at which the reservoir is penetrated, and
it has been assumed that strong convective circulation is occur-
ring within the reservoir. If so, and if we assume theZOpa1 Mound
fault is at least a partial barrier to flow to the west, then we
might envision the main upward convective movement to be focused
along the Opal Mound and Negro Mag Wash faults, rising to the
shallowest parts of the reservoir. The downward moving paths
would generally be to the east in this area, carrying the brines
to greater depth, towards the poorly defined east margins of the
field. -

This picture is consistent with the fact that the well closest to
the intersection of the Opal Mound and the Negro Mag Wash faults
(54-3) is rated as the "best well," showing a temperature well in
excess of 500°F and with enthalpy of more than\500 Btu/1b. In
14-2 the temperature is 514°F.

There are no temperature data for 3-1 and 13-10. 72-16 had a
maximum temperature of 470°F. Temperature in 25-15 is not known,
but 52-21 showed a maximum temperature of 402°F at TD (7478').
West of the Opal Mound fault, well 9-1 showed a maximum tempera-
ture of 446°F at almost 7,000°'. In 82-33, northwest of the field,
temperatures reached 300° to 350°F; TD is 6,028".
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There have been eXtensive long-term flow tests, the most recent
being a flow test of 54-3 in the winter of 1980-81. It is not
known what interference between the wells has been demonstrated.
Indications of convective movement, and the relative similarity in
composition of fluids from different parts of the field, have
encouraged the idea that there is relative good mixing within the
reservoir,

Open factures, and zones of intense fracturing appear to be the
important keys to production. In 14-2, for example, hot water
entries have been inferred in short intervals between 800' and
1,400', 1,600' to 1,800', 2,850' to 2,925', and 5,400' to 5,800
(Glenn and Hulen, 1979). These correspond well to the hot water
entries discussed by Bamford et al., (1980). -In 72-16, similar
zones of hot water entry occur around 312', 514', 628', and possi-
bly the most important zone, at 1,245'. In the unproductive well,
52-21, no hot water entries were detected by chemical means.

PATHWAYS TO THE SURFACE

The cap of the reservoir has already been described. It has clear-
1y been breached for long periods of time by the Opal Mound fault,
the Negro Mag Wash fault, and other faults, which have provided
pathways to surface for the hot brines that precipitated the sili-
ceous sinter of the opal deposits, and cemented the surrounding
alluvium. The history of the faults seems Tikely to be one of
alternating sealing, and then fresh access to the surface as a
result of renewed movement along the fault. They still provide
channelways for liquid leakage and for gaseous emanations.
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GEOCHEMICAL PATTERNS IN THE SURFACE ZONE

HOT SPRING DEPOSITS

The hot spring deposits of the Roosevelt area (Figure 24) have
been mapped and described by several authors. The most conspicu-
ous deposits, and those which probably have the oldest history,
are the siliceous sinter aprons of the Opal Mound itself, along
the Opal Mound fault.

The second largest area 1is around the intersection of the Opal
Mound fault with the Negro Mag Wash fault: opaline siliceous sin-
ter occurs around Roosevelt Hot Springs, and there are numerous
large areas of alluvium that show cementing or coating with opal-
ine chalcedonic sinter, silica, hematite, calcite, and manganese
oxides. |

There is another Tlarge patch of cemented alluvium near well 82-33
in the northeast portion of section 33 (26S/9W).

It is significant that 1large areas of cemented alluvium Tie west
of the trace of the Opal Mound fault, generally along faults that
branch from it or along NW or WNW-trending faults. The patch of
cemented alluvium at the eastern margin of section 4 (27S/9W), for
example, is clearly along a NW-trending fault that intersects the
Opal Mound fault where it crosses the eastern boundary of that
section.

Other patches of alluvium that are cemented by hematite and manga-
nese oxides occur along the Negro Mag fault west of its intersec-
tion with the Opal Mound fault.

A Targe area of cemented alluvium occurring in the northeast cor-
ner of section 33 (26S/9W) is located along the WNW-trending Salt
Cove fault.

It is thus evident that the zone west of the Opal Mound fault was
at one time an area where reservoir fluids reached the surface,
whether or not it is now a zone of hot dry rock sealed from the
reservoir by the Opal Mound fault.

The hot spring deposits consist of laminated opaline sinter formed
on broad flat aprons, locally with steep laminations along narrow
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zones of upward flow.” In some p]acés the sinter 1is porous. It is
generally composed of opal, cristobalite, and microcrystalline
quartz, with alunite and some sulphur and traces of realgar.

Attempts have been made to estimate, on the basis of paleomagnetic
and other data, how long the hot spring deposits have been forming
(Brown, 1977a, 1977b; Bryant and Parry, 1977). The beginning of
sinter deposition has been estimated at various figures between
35,000 and 350,000 years ago.

The hydrothermal system is evidently older than the sinter however,
for the alluvium on which the Opal Mound sits contains eroded
fragments of hydrothermally altered rocks. In shallow drill holes
in alluvium that exhibits siliceous and carbonate cementing and
iron and manganese oxide staining, Hulen (1978) pointed out that
some of the fragments of metamorphic and granitic rock showed
alteration that had clearly occurred before their incorporation in
the alluvial deposit. The fragments show alteration very like the
hydrothermal alteration observed in similar crystalline rocks
above the reservoir; but in the alluvium they co-exist with eroded
fragments of unaltered pumice and perlite, thus dating the altera-
tion as prior to deposition.

PRESENT-DAY GAS DISCHARGE

Areas of hot ground have been noted, for example, by Petersen
(1975), near each of the areas of hot spring deposits. Encrusta-
tion of native sulphur have also been observed in these areas and
along the surface trace of the Negro Mag Wash fault, which is
clearly a major zone of de-gassing, with steam, COZ’ HZS’ and

ongoing sulphur deposition.

The presence of helium in anomalous amounts 1in soil gas samples
was described by Hinkle et al., (1978). They made two E-W travers-
es across the field and the area west of it. Interestingly, some
of the areas of highest values occurred in the area west of the
Opal Mound fault.

The samples also showed concentrations of COS in the range up to
220 ppb and CSZ‘ concentrations wup to 300 ppb. 502 and HZS
were not detected in these so0il gas samples (Hinkle and Harmes,
1978). The highest values occurred in the area east of the Opal
Mound fault, near the Negro Mag Wash fault.
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Anomalous flows of radon have been measured on both sides of the
Opal Mound and Negro Mag Wash faults. Strong signatures are ap-
parent for two branches of the Tatter. The Opal Mound fault show-
ed a smaller anomaly than along some zones east of it and along
the branching NW-trending fault underlying the cemented alluvium
of the northeast part of section 4 (27S5/9W). On a traverse across
the southern part of the field, where the reservoir is much deep-
er, radon anomalies are apparently more subdued (Nielson, 1978).

PRESENT-DAY LIQUID DISCHARGE

The hot spring deposits and cemented alluvium clearly show that
leakage of geothermal brines has occurred along various parts of
the Opal Mound fault and other nearby faults, and along the Negro
Mag Wash fault and Salt Cove faults, during at Teast the last few
tens of thousands of years, and probably over a longer period of

time.

Currently no leakage is observed south of the Negro Mag Wash fault,
though along that fault there are signs of Tleakage in historic
times in the northwest corner of section 3 of 27S5/9W (Peterson,
1975).

The Roosevelt Hot Springs (Figure 24), formerly known as McKeans
Hot Springs, were developed as a hot springs resort starting in
1902. The resort was still operating in the twenties. Lee (1908)
recorded a group of springs, one of which was flowing 10 gpm at
over 190°F. In November 1950, the temperature had dropped to
185°F, and the discharge was only 1 gpm. In September 1957, the
temperature had dropped to 131°F (Mundroff, 1970). In 1966 the
area was dry, and showed indications that flow had probably stop-
ped two years earlier. At present the site is dry, but fumaroles
are still discharging water vapor and gases.

A quarter of a mile northwest of the former resort there is a
small seep which is still leaking hot water. This is the "Roose-
velt Seep" mentioned by several authors in the Roosevelt litera-
ture. The flow is small and the recorded temperatures are in the
range 63° to 83°F.
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SURFACE GEOCHEMICAL PROCESSES

Where the geothermal brines have approached or reached surface, a
distinct pattern of surface and near-surface alteration has been
noted (Parry et al., 1977, 1978; Bamford, 1978; Bamford et al.,
1980). Acid sulfate waters appear to have developed by oxidation
of HZS’ with the formation of alunite, and precipitation of opal
as cooling temperature reduced the solubility of silica. Downward
percolation of the acid sulfate waters next to the zone of continu-
ing upflow of fresh geothermal fluid produces more alunite, a]ohg
with kaolinite and montmorillonite, in the zone between the surface
and the water table, which 1is generally deeper than one hundred
feet. Below the water table pyrite is observed coated with mar-
casite (placing a temperature 1limit, since marcasite goes to py-
rite irreversibly above about 160°C).

GEOCHEMISTRY OF THE SOILS

Capuano and Bamford (1978) and Bamford, Christensen and Capuano
(i980) have studied geochemical anomalies in soils in a narrow
zone along the Opal Mound fault, and in a broader zone to the

north.

They found that anomalies occur in a broad area around the inter-
section of the Negro Mag Wash and the Opal Mound faults, and in a
second area around the Opal Mound.

A portion of the data is shown as Figures 25 and 26. 1In the north-
ern area, the arsenic anomalies are more or Tless balanced on ei-
ther side of the northern extension of the Opal Mound fault. _On
the other hand, the mercury anomalies show asymmetry, with very
minor development on the east side of the fault contrasted with
very pronounced anomalies west of the Opal Mound fault.

In the southern area, around the Opal Dome, the arsenic results
again show no particular asymmetry, but this time the mercury
anomalies tend to be more marked on the east side of the Opal
Mound fault, notably close to well 72-16.

It is interesting to note that along the Opal Mound fault there is
a zone between the two areas of anomalies that shows only back-
ground values in both arsenic and mercury. The gap between the
north and south mercury anomalies is smaller, by about 4,000',
than the gap between the north and south arsenic anomalies.
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That barren gap in the mercury and arsenic anomalies led Bamford
et al., to assume this section of the Opal Mound Fault was not
presently a zone of upward leakage. The interpretation of the gap
that emerges from the present study is discussed in a later sec-

tion.

Bamford et al., (1980) also commented on the existence of anomal-
ous concentrations of other elements in traverses crossing the
Opal Mound fault near Opal Mound. Antimony is concentrated 1,500
west of the fault, and tungsten is concentrated at and near the
fault, closely associated with the arsenic and mercury anomalies.
They also tentatively identified anomalous concentrations of tin
and thorium, and broad anomalies of Tlithium.

A detailed comparison of these soil data with the results of the
present work on the surface microlayer will be made in a Tlater
section, but first the geochemistry of the shallow subsurface, and
then of the caprock and the reservoir zone are discussed, in the

next two sections.

GEOCHEMICAL PATTERNS BETWEEN SURFACE AND 300 FEET

Bamford et al., (1980) published data showing lateral variation in
chemistry of samples from different drill holes in and around the
field. Their published diagrams are for the depth interval be-
tween 100' and 200', for samples of whole rock and of fractions
with specific gravity greater than 3.3 (magnetic materials remov-
ed). Similar data for the dintervals from 0 to 100' and from 200
to 300' are open-filed.

There is an unfortunately Tlarge gap in the area of sampling west
of the Opal Mound fault, due to the absence of available wells in

that region.

The data on arsenic give a picture of maximum concentrations in
the region of the field, with values falling off to NE and SE
outside the field; there is possibly an extension of the anomaly
in the WNW direction along the trend of the Negro Mag Wash and
Salt Cove faults (Figure 27).

The mercury data give a sketchy picture of highest values close to

the central part of the field and along the Opal Mound fault, with
other high values to the northwest of the field.
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Manganese shows lows in the west part of the field, and a peripher-
al high to the northwest, though this appears to be related to
data at the single 1location, hole GPCR-8. However, despite the
distortion that may be introduced by that single sampling location
there still seems to be a peripheral anomaly. to the north and to
the southeast and southwest.

Zinc, 1like manganese, shows a similar low in the general area of
the field, with a peripheral high to the southeast, plus a spot
high to the northwest of the field at UU786-TG3.

Bamford et al., (1980) concluded that these peripheral zinc and
managnese anomalies are not related to earlier episodes of mineral-
ization, but are related to the present geothermal system.

Less clear anomalies were shown for Tlithium and iron, cerium and
Tanthanum. Weak 1ithium anomalies were described over the geother-
mal field and to the south of it. Iron 1is regarded as being
strongly redistributed by geothermal processes especially in the
area of the field, and immediately to the north, but apparently is
not transported very far and is probably derived locally. This is
consistent with the well known observation that a magnetic 1low
characterizes the area of the field itself, which has been inter-
preted as showing the destruction of magnetite in the crystalline
rocks by hydrothermal alteration. (see for example Bamford, 1978).

Cerium and lanthanum are shown as having almost identical patterns,
with lows at two locations in the central part of the field and
highs at a 7JTocation just southeast of the field, at UU75-3CC.
However, the data are so sparse that such contouring and interpre-

“tation is very difficult and uncertain.

Discussing molybdenum, tungsten, and tin, Bamford et al., suggest-
ed there may be anomalies, related to geothermal processes, arrang-

ed peripherally to the field.
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GEOCHEMICAL PATTERNS IN AND ABOVE THE CAPROCK

In 1978 the hydrothermal alteration seen in well cuttings was
described for well 14-2 by Ballantyne, for well 72-16 by Rohrs and
Parry, and for well 52-21 by Ballantyne. Mineral assemblages in
the altered zones include ch]orite, sericite, and various clay
minerals, K-spar, calcite, hematite, and epidote.

Bamford et al., (1980) suggested that some of the epidote, which
is found at all depths, may be related to pre-geothermal events,
while other epidote may have formed in an early stage of the geo-
thermal development when the field was much Targer and at present,
a possibility discussed elsewhere in the present paper. Without
detailed data on the variations in composition of the epidotes it
is difficult to draw conclusions about the physico-chemical condi-
tions and history.

Within these three wells a number of zones have been interpreted
on good evidence as hot water zones, the centers of which repre-
sent points of influx or passage of geothermal fluids. The remain-
der of the zones represent diagnostic arrangements of characteris-
tic minerals, seen in the well both above and below the entry
point, with specific series of mineral assemblages at increasing
distances from the center of the zone. These "hot water entries"
correspond well with what one might interpret as major zones of
fracturing from the geophysical and mud Tlogs, from the drilling
history, and the geologic data. (The term "hot water entry" is
perhaps misleading in the sense that the phenomenon being describ-
ed is a major channelway for geothermal fluids. It becomes an
entry only when a well is drilled through the zone, and the fluids
bypass their normal flow pattern, and instead enter the well).

In well 72-16, entries are considered to occur at 312' and 628'
(the Tatter possibly contributing part of the well's production
through imperfect cementing at 1,098') and at 1,245', which is
probably the top of the main production interval between 1,245'
and 1,245"'.

In well 14-2, entries occur in the interval between 1,600'" and

1,800', and between 2,850' and 2,890' with specific entries occur-
ring at around 2,860' and 2,890'.
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It was noted in an earlier section that no signs of hot water
entry zones were detected in the cuttings from well 52-21, imply-
ing that chemical zoning related to entries may be ephemeral.

In the zones of hot water entry, arsenic and 1lithium give the
clearest picture, with anomalous concentrations close to or at all
of the inferred entries, often restricted to the zone 10' on ei-
ther side of the entry points. Lithium in addition seems to show
a widespread enrichment throughout well 72-16 and in parts of well
14-2.

Bamford et al., (1980) concluded that these arsenic and lithium
anomalies that form around active hot water entry zones persist
even after the entry is entirely self-sealed; but the evidence for
this is not clear, since the fact that a hot water entry now ap-
pears to be sealed where it dis intersected by the well does not
preclude the possibility that the zone is still free a very short
distance away from that point.

The dissue 1is important because we are trying to distinguish be-
tween geochemical features that remain as fossil evidence of for-
mer geothermal conditions, and those which can be relied on to
give details of current geothermal conditions and are rapidly lost
when conditions change.

In this case it is important to know whether the mineral assem-
blages of an active hot water entry zone do or do not remain long
after the channelway becomes inactive.

The mercury data give a less coherent picture. Mercury is present
through-out the self-sealed rocks that characterize the entire
~depth of well 52-21. It is concentrated in 14-2 within the cap,
and in well 72-16 it is specifically concentrated near obvious hot
water entries within, or very <close to, the base of +the cap.
Bamford et al., (1980) note that mercury concentrations are low
around the deeper entry zones in 14-2, and it seems clear that
mercury distribution is marginal 1in the reservoir, as one might

expect.

High mercury values are found near surface in two of the shallow
holes just west of the Opal Mound fault (UU75-1A ‘and UU76-1).

It seems clear that much of the mercury data can best be explained

by vapor transport.
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Zinc and manganese anomalies are observed in the upper parts of
the cap in well 14-2, and also in well 52-21. It appears that
~while zinc and manganese may both be enriched in the zone around
the reservoir and particularly around hot water entries, zinc is
slightly enriched within the reservoir rock itself.

Strontium, in contrast to the metals discussed above is noticeably
depleted around the hot water entry at the 2,890' Tevel in well
14-2 and probably also around the hot water entries of 72-16.

There seems to be some evidence of an association between antimony
and arsenic and mercury, particularly the former, though antimony
anomalies have not so far been defined as clearly in relation to
hot water entries as those of arsenic and mercury. (This associa-
tion 1is strongly apparent in the surface microlayer and is discus-
sed in a later section of this report).

Beryllium tends to be slightly enriched within the cap, and at hot
water entries, and in the zone very close to the surface. /Bery1—
lium is very strongly enriched in the siliceous sinter deposits
along the Opal Mound fault and in alluvium that has been cemented

with manganese oxides.

Tungsten 1is concentrated in some of the hot spring deposits and
the soils over the Opal Mound fault, along with the mercury and
arsenic anomalies there. Broad anomalies of tungsten may exist

peripherally to the reservoir in the near surface.

Molybdenum seems to show a general association with zinc and man-
ganese in the shallow rock above the cap in well 14-2, with marked
enrichment in the hot water'entry zone between 2,860' and 2,890'.
In the near-surface, molybdenum appears to be anomalously present
peripheral to the reservoir, and is also anomalously high in well
52-21.

Bamford et al., (1980) 1list a group of elements that show some
signs of being mobilized and redeposited by the geothermal system,
but about which data is very scanty at this time, including Mg.
Fe, P, Ba, V, Cr, Co, Ni, Cu, Zr, La, and Ce.

Before comparing these geochemical data with those found in the
surface microlayer work, the problem of inherited geochemical
imprints from earlier episodes of mineralization and geothermal
activity is discussed, in the next section.
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INHERITED GEOCHEMICAL PATTERNS

GEOCHEMICAL PATTERNS FROM EARLIER STAGES OF GEOTHERMAL EVOLUTION

The area around the Roosevelt field has obviously been character-
ized by a flow of hot brines and gases to the surface or near-sur-
face zone over a very long period of time. Some of the surface
geochemistry may therefore be related to cumulative effects of
these flows prior to the present day. Other aspects of the sur-
face chemistry may reflect more ephemeral episodes presently occur-
ring. It is desirable to separate the two. The older effects are
of dimportance in unraveling the geothermal history of the reser-
voir. The present-day effects are much more important in terms of
exploration, and for developing tools useful in elucidating details
of presently active geothermal systems.

To do this, one would need to understand in detail the history of
the geothermal system, but the available data are not yet suffi-
cient to give a very certain picture of the evolution over time of
the geothermal field at Roosevelt. We thus lack a good case-his-
tory background for separating the effects of the long-term cumula-
tive geochemical processes from those that are actively occurring
at the present time. In the main body of the field south of Negro
Mag Wash, one may reasonably conclude that the reservoir may have
contracted, with the southern part around well 52-21 having for-
merly been geothermally active but now being a zone in which self-
sealing has pervaded the entire rock mass down to at Tleast the
bottom of that well. (It s interesting to note that Bamford et
al., 1980, were able to detect no geochemical signals of hot water
entries in that hole, whereas such diagnostic mineral assemblages
were found in the actively producing 72-16 and 14-2. This may
suggest that the characteristic mineral assemblages mapped around
active hot water entries are later Tost when a zone becomes sealed,
as in 52-21).

Similarly, to the west there are signs of earlier leakage in a
zone about a thousand feet west of the Opal Mound, and along the
fault that branches northwest from the Opal Mound fault just south
of Negro Mag Wash; yet at present, temperature gradients in 9-1
and in nearby stratigraphic tests are much lower than in the field
itself, and it is usually considered that the Opal Mound fault now
seals the reservoir fluids from péssing west of 1it. This again
suggests shrinkage of the fiéid, in the west as well as the south.
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To the north of Negro Mag Wash the picture is less clear, as there
is far Tess available data related to that area. While a general
picture .of progressive reservoir shrinkage from heat 1loss and
precipitation of silica can be argued, it 1is equally possible for
new reservoir zones to develop as a result of breaching of the cap
by active faulting, which obviously continues to occur.

In summary, little more can be said on earlier stages of evolution
of the geothermal field at Roosevelt. The southern and western
margins do show signs of being former reservoir zones that are now
at least partly self-sealed.

EFFECTS OF PRE-GEOTHERMAL MINERALIZATION

There is a problem in separating the geochemical manifestations of
present geothermal events and processas from those inherited from
earlier hydrothermal episodes of mineralization during the Ter-
tiary, related to the emplacement of the Mineral Mountains pluton.

That episode of mineralization probably occurred about ten million
years ago and is best known in the Bradshaw mining district of the
southern Mineral Mountains. Contact metamorphic deposits occur
there, involving gold, silver, copper, lead, zinc, and tungsten
mineralization. Throughout this whole region the Tertiary mineral-
ization involves these elements, and manganese (Crawford and Bur-
anek, 1957; Ear11, 1957; Bullock, 1976).

The Mineral Mountains were in fact the site of the first produc-
tion of lead-silver in Utah, during the middle part of the last
century. Economically successful exploitation of base and prec-
ious metals appears to have been confined to the southeastern
portion of the Mineral Mountains, 1in the Bradshaw district, the
Granite and North Granite districts, and the Shag Hollow area.

In the area of the Roosevelt KGRA there are some test pits that
were evidently dug following the observation of coatings of mala-
chite. These copper occurrences 1in prospect pits are in altered

mylonites (Sibbett and Nielson, 1980).

Just north of the mouth of Ranch Canyon there is a group of shafts
in an area of pyrite-chalcopyrite mineralization along a fault
zone; and between Ranch Canyon and Corral Canyon, near the Upper
Ranch Canyon road, there are scarn deposits that have been worked
for copper and perhaps precious metals.
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It is interesting to note that on the eastern side of the Mineral
Mountains, along the possible 1line of extension of the Negro Mag
Wash fault, there 1is 1intense brecciation, with propylitic and
argillic alteration, and with minor copper mineralization (Sibbett
and Nielson, 1980). It thus appears that the WNW-trending set of
faults may have a long history, and that the mylonite zones of the
denudation faults are also old.

This Tertiary mineralization in the Roosevelt region predates the
present geothermal system and adds some compiexity to the inter-
pretation of surface geochemistry, since some of the geochemical
patterns may result from remobilization of the elements involved.
There is also the ever-present possibility of the effect of detri-
tal grains derived from erosion of the older mineralized material
and transportation into the area of sampling in the valley.

In the next section, ideal geochemical tools for geothermal explor-

ation are discussed, and the results of the microlayer work are
analyzed.
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GEOCHEMICAL INVESTIGATIONS AT ROOSEVELT SPRINGS
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INTRODUCTION

Field programs at Roosevelt Springs were conducted in two phases,
the first of these, (Phase II), being designed to establish the
optimum sampling medium and to determine the most sensitive ele-
ments for detecting concealed geothermal activity. The second
field survey, (Phase III), involved collecting a further 300 sam-
ples on a regular grid pattern over a broad region surrounding the
geothermal area. Phase IV constituted analysis, mapping and inter-
pretation of the surface microlayer geochemistry.
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REVIEW OF GEOTHERMAL GEOCHEMISTRY OF SELECTED ELEMENTS

As a matter of routine the ion chromatography and induction cou-
pled spectrometry used in the analysis of the samples for this
program generates data for a total of some twenty-four species and
elements. In addition, the non-routine atomic absorption and
other analyses produce data for a further sixteen elements. of
these Hg, As, Se, Sb, Zn; Be, Mn, S (as sulphate), Rn, Si, B, Cs,
Rb, Li, F, Pb, Mo, C1 and Br have been either used or proposed as
potential pathfinder elements in geothermal exploration.

However, the review of elemental behaviour in geothermal solutions
given below and the description of the data which follows, is
confined to those elements and species which appear to have gene-
rated data which are relevant to the Roosevelt Springs area.

MERCURY

Mercury 1is commonly present in a mobile form, perhaps as sulphide,
organic complexes or vapour, and in anomalous concentrations in
geothermal waters ({(Barnes 1979). This was discussed by White
(1967) and since then there have been a number of reports of the
application of mercury in soil or soil gases, to geothermal explor-
ation (Matlick and Buseck, 1976; Klusman et al 1977; Klusman and
Landers, 1978; Capuano and Bamford, 1978; Parry et al 1977; Phelps
and Buseck, 1978).

Mercury 1is probably released into the near surface environment in
the elemental form either via a disproportionation reaction of Hg
(I) ions within the geothermal solutions or by oxidation of
mercury minerals 1in the wupper levels of the geothermal system.
Excessive concentrations of mercury generally indicate the pres-
ence of permeable fracture zones and the element can be an effec-
tive indicator of leakage from hot water or steam bearing aquifers.
Gaseous dispersion, favored by the relatively high vapour pressure
of this element, is enhanced by the elevated temperatures associat-
ed with geotherma] activity. However, the concentrations in soil-
gas and the mobility in the gaseous state are strongly affected by
~diurnal temperature and pressure variations, soil moisture, organ-
ic matter, overburden porosity and climate.

Sorption of mercury vapour onto clays, iron oxides or organic
matter can lead to a surficial expression. Anomalous concentra-
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tions of mercury in the surface microlayer have been reported to
be associated with various types of sub-surface mineralization
(Thompson and Read, 1978).

CESTUM

Cesium has received little attention as a pathfinder element for
geothermal prospecting. However, as an element which 1is preferen-
tially concentrated in late stage volatile-rich granitic rocks it
may be expected to occur in geothermal solutions. Indeed cesium
has such a marked tendency to accumulate in the volatile phase,
that it may form its own mineral, pollucite, in some pegmatites.
Furthermore the large difference between the ionic radii of cesium
and potassium contributes to its preferential removal from feld-
spar, the principal host, during hydrothermal generation.

Furthermore, cesium is one of the very few elements whose concen-
trations in geothermal waters are not controlled by temperature
and pressure dependent equilibria, the chemistry being principally
governed by extraction and dilution processes.

Cesium concentrations in geothermal waters occur in the range
0.02-20 ppm (E11is, 1979) with values generally in the ppm range.
This dis 1in marked contrast to non-geothermal water (Sreekumaran,
et al 1979) where the values are generally of the order of a few
hundreths of a part per billion. Cesium rich waters are particu-
Tarly characteristic of an acidic rather than a basaltic heat

source.

Cesium released into the surficial material is rapidly and strong-
ly adsorbed by solid soil material (Davis, 1963) and perhaps,
therefore, cesium anomalies are to be expected in geothermal areas.

ARSENIC

Arsenic, with mercury and antimony, is one of the metals most
commonly precipitated at the surface, by geothermal activity.
Concentrations of several hundreds of parts per million are common
and they may reach several tens of percent (Weissberg et al
1979). Within metal-rich geothermal waters themselves, arsenic
levels occur within the range 0.03-40 ppm. The mobile form is
considered to be arsenite ion resulting from the hydrolysis of
sulphide at lower temperatures.
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It is not, therefore, surprising that arsenic is amongst the bet-
ter established elements used in surficial geothermal exploration
for geothermaT activity (Ewers and Keays, 1977; Bamford et al
(1980). This element would be expected to be of use in the Roose-
velt Springs area as traces of realgar are found within the opal-

ine sinter.

ANTIMONY
Antimony occurs in metal-rich geothermal waters with concentrations
in the range 0.1-0.45 ppm (Wedepohl, 1972; Ritchie, 1961). Anti-
mony rich precipitates at the surface are common and concentrations
may be as high as 30% Sb. In contrast, the levels in non-geother-
mal waters are very low and are in the range 0.01-0.08 ppb (Land-

strom and Wenner, 1965). In soils the levels are also low with
background concentrations of the order of 2 ppm. Transport of
antimony 1in the geothermal system is probably as sulphur or chlo-

ride ion complexes.

At Roosevelt Springs, Bamford et al (1980) were able to show that
anomalous concentrations of antimony occur 1in the sinter forming
the Opal Mound and 1in the overlying soils. Antimony anomalies
were also found to be associated with fumarolic activity and with
manganese cemented alluvium. However, in view of 1its common
association with geothermal activity and the extreme contrast with
the normal background, it 1is surprising that antimony has not
found greater application in geothermal exploration in the past.

LITHIUM

Lithium exhibits behaviour that 1is transitional between that of
the Group I alkaline metals and the Group II alkaline earths. It
has a very small idonic radius, a high idionization potential and,
consequently, an appreciable covalent character. Due to the small
size of the 1lithium ion, compared with that of the next alkali
meta1, sodium, there is only 1limited substitution of Li+ for
Na® in feldspar and as a result, lithium tends to accumulate in
late stage hydrothermal minerals. However, with appropriate
charge adjustment, Tithium can substitute in a silicate lattice,
for A13+, Fe2+ and M92+.
Lithium is present in sub-surface waters at low levels, generally
less than 10 ppb (Livingstone, 1963). By contrast, levels in
geothermal waters are much higher, normally over 100 ppb and fre-
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quently of the order of 10,000 ppb (White, 1970). However, the
concentration of 1lithium in geothermal waters normally reflects
its abundance in the surrounding rocks with high values being
associated with areas of granitic or andesitic rocks. Lithium
tends to decrease in concentration in waters migrating to the
surface due to the incorporation of the ions into low-grade hydro-
thermal alteration products such as clays and zeolites (El11lis,
1979). Lepidolite (lithium mica) has been reported from shallow,
hydrothermally altered rocks (Bargar et al 1973). The median
background concentrations of 1lithium in soils 1is 22 ppm {(Connor
and Shacklette, 1975).

Lithium . has been proposed as a potential pathfinder element in
geothermal exploration, Brondi et al (1973), Bamford et al (1980),
and Cannon et al (1980), have proposed that the lithium content of
accumulator p1ahts can be used to locate T1ithium-rich brines.

SELENTUM

Selenium is a member of the Group 6A elements of the periodic
tabTle. In its geochemical behavior, therefore, it closely resem-
bles sulphur. It is strongly chalcophile and its principal occur-
rence 1is in sulphide minerals associated with arsenic, antimony,
copper, silver and gold. It may also be accumulated by secondary
processes which result in the reduction of oxidizing waters, and
it is therefore highly enriched in black shales and sedimentary

uranium deposits.

Selenium may be expected to be enriched in metalliferous geother-
mal solutions, but Tittle work has been reported. However, Ewers
and Keays (1977), detected selenium concentrations up to 9800 ppm
in drill-hole material from the Broadlands geothermal area in New

Zealand, associated with epithermal type mineralization. There
appears to be a strong depth/temperature control of the deposition
of selenium which suggests that tﬁe stabilities of the mobile

species decrease with falling temperature and that the selenium is
co-precipitated with heavy metal sulphides.

The normal background concentration of selenium in soils is 0.3
ppm, and although this element has not been reported as a poten-
tial pathfinder in geothermal exploration, it is conceivable that
the deposition of metal-rich sinter in the near surface environ-
ment may Tlead to a potentially useful selenjum expression. Fur-
thermore, selenium may form a variety of volatile species such as
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H,Se  and dimethyselenide, ((CHB)ZSe). This latter species
is formed by bacterial action on inorganic, mineral precursors
(Fleming and Alexander, 1972).

RUBIDIUM

Rubidium, the fourth member of the alkali metal family has a very
similar ionic radius to the preceding element, potassium. As a
result, rubidium does not form minerals of its own, but it is
widely dispersed especially in the potassium minerals, feldspar
and mica and it becomes enriched in the later crystallizates such
as lepidolite, amazonite and microcline, where concentrations may
reach several percent.

Rubidium 1is enriched in geothermal water with concentrations be-
tween 0.01-7.7 ppm and a mean of 0.82 ppm (Wedepohl, 1972). These
values exclude the brines from the Salton Sea, where unusually
high concentrations of 60-169 ppm are reported (Helgeson, 1968;
White, 1965). The concentrations of rubidium in geothermal waters
are a reflection of the surrounding rock types with Tevels that
are low in basaltic areas and higher in granitic or andesitic
environments (Golding and Speer, 1965). By contrast, the concen-
trations in non-geothermal groundwaters are much lower. Pentcheva
(1965), reports rubidium values up to 0.8 ppb in groundwater.

As geothermal waters migrate towards the surface, the ions become
incorporated into clays and zeolites, with a resulting drop in the
concentration in solution.

The median concentration of rubidium in soils is 35 ppm. During
weathering rubidium is strongly held in adsorption positions on
clays (Goldschmidt, 1954).

BERYLLIUM

As a result of its low atomic number, beryllium has a high ioniza-
tion potential and a very small {ionic radius. It does not, there-
fore, behave as a normal Group II alkaline earth and it has a much
more covalent character. It does not.fit readily into the sili-
cate lattice as a cation and is normally found in substitution for
silicon. The difficulty with which beryllium 1is 1incorporated in
silicate minerals results in its accumulation in late-stage crys-
tallizates and beryllium bearing minerals commonly occur within
pegmatitic or metasomatic lithologies.
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Published data on beryllium dissolved in geothermal waters is not,
apparently, available. However, Bamford et al (1980) report
enhanced beryllium concentrations in the opaline sinter and the
manganese cemented alluvium at Roosevelt Springs. These values
were not reflected in the soils overlying the sinter.

ANION GEOCHEMISTRY

The total dissolved solids in geothermal waters may vary widely
from as little as 3% to as much as 50% dissolved solids by weight.
The concentration of solids depends upon the source of the water
and history. In brder of increasing salinity the four types of
water are:

1. Surface water (river or groundwater).
2. Connate water derived from within sedimentary sequences.

3. Metamorphic water released during the metamorphism of
water bearing minerals.

4. Magmatic water.

The predominant anion in these solutions dis chloride with subsid-
iary and varying concentrations of bicarbonate, sulphate, sulphide
(or hydrosulphide), bromide, iodide, and fluoride. The solutions
may range from quite acid to mildly alkaline. The principal ca-
tions balancing the solutions are, of course, sodium, potassium,
calcium and magnesium.

The discharge of geothermal waters onto the surface could conceiv-
ably lead to a build-up of these soluble species. However, the
deposits would be easily removed by any surface water activity and
would only be expected to accumulate in areas where there is a
development of saline horizons within the soils. Even in these
areas, the phenomena that would be most Tikely to control the
position of these accumulations are likely to be the climate and
the topography, rather than the point of supply.

RADON

Radon, a radioactive and inert gas, has three isotopes all unsta-
ble, of which the longest lived is Rn222 with a half-life of 3-8
days. The other isotopes have much shorter half-lives, which so
severely limits their distribution as to preclude their use in

222

geochemical exploration. Rn is generated during the radioac-

tive decay series of uranium, but the immediate parent is radium
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(Ra226) which is highly mobile in some reducing brines (Rose et

al 1979). Radium226 has a half-1life of 1622 years and there-
fore its potential for movement through a geothermal system is
considerable.

Radon has been detected in spring water from several geothermal
areas (Cadigan and Felmlee, 1977) and soil gas radon anomalies
may, therefore, be useful for detecting the presence of porous
leakage zones beneath overburden cover. Anomalous radon in soil
gas values have beén reported from the Roosevelt Springs KGRA
(Nielson, 1978).

Direct measurement of radon in soil gas is possible in the field

but absolute radon values may be misleading due to variations
brought about by climatic changes and varying soil composition.
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SURFACE MICROLAYER GEOCHEMISTRY

The entire surface of the earth, both land and sea, is covered
with a microlayer of surficial material that is in contact with
the atmosphere and contains both organic and inorganic components.
This surface microlayer is subjected to conditions not experienced
by deeper material:

1. The surface is irradiated by the sun and the ultraviolet
radiation can induce abnormal chemical conditions.

2. In arid areas the surface microlayer is often dry so that
mineral surfaces are in direct contact with gas. Clays
have a large absorption capacity in this state and micro-
bial activity is reduced to a minimum.

3. Evaporation of solutions rising to the surface in arid
areas can result in the accumulation of mobile ions as
strongly held species within the surface material.

4, The elements that are present within the underlying soil
profile are also found in the surface microlayer whether
the surficial particulates are from organic, botanical or
mineral sources. Strong evidence suggests that, if the
appropriate size fraction is collected, then the geochem-
istry of the surface microlayer accurately reflects that
of the underlying soils (Barringer, 1978).

5. In water covered areas there is a concentration of sur-
face active material at the air/water interface.

COMPOSITION OF THE SURFACE MICROLAYER

The surface microlayer is composed of clay, silt, sand, and peb-
bles throughout most of the Roosevelt Hot Spring Area. At each
sample site the fine fraction was treated with a few drops of
dilute hydrochloric acid (Figure 28). Generally, very mild or no
effervescence was seen on the east side and very strong reaction
on the west. This gradation is probably due to the development of
caliche toward the valley to the west. In the southern part of
the sample area, lobate areas of mild effervescence correspond to

areas of lag pebble pavement. In the northern portion of the area
a linear NNE trending area of mild reaction probably corresponds

with siliceous alteration localized along a fault trend.
The silt and fine sand fractions are depleted by wind erosion on

the east side of the area. At Tleast part of this material s
redeposited on the west side of the area.
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The coarse fraction 1is composed of pebbles, cobbles, and small
boulders derived from the Mineral Mountains. Granitic and vol-
canic fragments are most abundant. Limestone and quartzite frag-
ments are common. The amount of obsidian flakes and the area
covered by them is disproportionately large compared to the area
of obsidian outcrop in the Mineral Range (Figure 29).

Vegetation in the sample area consists of sagebrush and sparse
desert grasses. The sample area is periodicallly grazed by sheep,

but is neither irrigated nor cultivated.

SURFACE MICROLAYER SAMPLING

Collection of the surface microlayer for geochemical exploration
has a number of distinct advantages.

1. The material 1is readily available and can be collected
very quickly without the need for augering, pitting or
trenching.

2. The particulates are collected over a wide area at the
sample site and are thus more representative of the area
than a single spot sample.

3. Sampling along continuous traverses from moving aircraft,
vehicles or on foot 1is possible, resulting in highly
efficient programs capable of covering wide areas on a
reconnaissance basis.

4. The surface particulates frequently have different proper-
ties than the soils and may give a better expression of
underlying mineralization or other economic deposits.

5. The surface microlayer is universally present, even over
rock outcrop or vegetation.
Barringer Research has developed SURTRACE, a specialized system
for the collection of surface microlayer samples. The SURTRACE
equipment is manufactured 1in both airborne and ground versions.
The airborne equipment wutilizes a helicopter with a specially
designed sampling probe that 1is deployed beneath the aircraft.

A portable back-pack unit was used in this program. This version
utilizes a 1light-weight chain-saw motor to create a vacuum which
draws the surficial material through a pipe to a small cyclone
which separates it from the air-stream and collects it in a test-
tube. The wunit requires only one operator and samples can be
collected rapidly, giving high productivity. |
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ANALYTICAL METHODS

The wide variety of elements and species determined during this
program necessitated a number of different analytical and diges-
tion techniques. These techniques are summarized in Table 3 and
the analytical procedure is briefly described below.

Induction Coupled Plasma Emission Spectrometry (ICPS)

For analysis by induction coupled plasma spectrometry, the sample
is introduced into a gas, in this case argon, which has been rais-
ed to a temperature high enough to develop a plasma state, by high
frequency radio excitation. The elements in the sample are excit-
ed to strong spectral emission, and the output is analyzed by a
direct reading spectrometer.

Samples are conventionally introduced by nebulization of a liquid,
but during this program the Barringer LASERTRACE system was also
used. In this method the sample is selectively vapourized into
the argon stream, from a tape, by a pulse of laser light.

Atomic Absorption Spectrometry

The program entailed the use of conventional flame atomic absorp-
tion spectrometry (AAS) for Li, Rb and Cs, flameless, cold vapour
AAS for Hg; and flameless AAS of the hydride for Sb, As and Se.

ITon Chromatography

Ion chromatography was used to determine anions after a weak ex-
traction. In this technique the sample is carried through a col-
umn containing an 1ion exchange resin and each ionic species is
detected discretely as it elutes from the column.

Emanometry

Radon was determined during Phase II only in soil-gas in the field
by direct measurement of & -particle decay by scintillometry.
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TABLE 3. - Summary of Digestion Techniques and Analytical Methods.

Method Digestion Elements determined
detection levels
(ppm)
Cold vapour Conc. H2S04/HNO3 Hg(0.001)
AAS
Automatic HC104/HNO3 As,Se;Sb(0.1)
hydride

flameless AAS

ICPS LiBOp fusion Si (1.0); Ba (0.2)
1CPS HF /HC104 /HNO3 Ca(1.0);A1(0.1);Mg(2.0);
dryness redissolved K(20.0);Na(40.0);Fe(2.0)
in HCI Ti(0.1);Mn(2.0);Cr(2.0);
Sr(0.2);Vv(0.1);P(10.0);
Be(0.01);Ni(1.0);Co0(1.0)
Pb(4.0);Mo(4.0)
Flame AAS HF/HC104/HNO3 Li, Rb, Cs (0.2)
Ion Chroma- 12 hr. leach in F-(2);C1-(12);P03~~;
tography 0.004MNaHC03/0.0034 NO3(15);507-(8)
. NapCO3
Emanometry None (soil gas) Rn
ICPS Lasertrace B (0.1)
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PHASE II SAMPLING

Both surface microlayer and conventional soil samples were collect-
ed along four traverses designed to cover both background and geo-
thermally active areas at Roosevelt Springs. Sample locations and
numbers are indicated on a map at the scale of one inch to one
mile (Plate 2). Traverses A, B and C were essentially east-west,
while Traverse D followed a north-south 1ine across the geothermal

reservoir.

The sample interval was approximately one mile in the background
areas, closing to quarter mile spacing in the geothermal areas,
yielding a total of 89 sample pairs.

PRESENTATION OF RESULTS

For the purpose of making a direct comparison of the surface micro-
layer versus the conventional soil samples, the geochemical tra-
verses have been plotted in the form of stacked profiles, with the
surface microlayer result above the equivalent soil wvalue. The
profiles were prepared using the Barringer Research CANPLT Compu-
ter program with Tine printer output. ThisAprogram reduces the
analytical concentration of each element to standard deviation
units which provides a uniform method of comparison of geochemical
patterns. Obviously contaminated samples, such as those downslope
from the Montreal Mine at the west end of Traverse A, were removed
from all consideration in this study. In order to eliminate the
effect of spurious high samples remaining within the data set, the
initial mean and standard deviation are used to provide a threshold
of mean plus three standard deviations. Samples with values ex-
ceeding this threshold are eliminated from the data set and the
mean and standard deviation recalculated as the second pass statis-
tics. The plotting program then provides a profile in which each
symbol is equivalent to 0.5 standard deviations, starting at the
minimum value or mean -3 standard deviation whichever is the lar-
ger value. High values are occasionally truncated, but the geo-
chemical patterns for each sample type can be readily compared
with one another using this method. Comparative first and second
pass statistics for sof1 and surtrace samples are listed in Appen-
dix A, and the profi]es.Undér discussion are contained in Appendix
B. Table 4 lists the soil to surface microlayer correlation coef-
ficients for the non ICP elements.

-76-




C ) © C
CORRELATION MATRIX
SAMPLE SIZE 69

AS X AS X LT X RB X CS X SB X HG X AS Y SE Y LT Y RB Y CS Y SB Y HG Y

AS X 1.000

SE X .326  1.000

LI X .342 .411 . 1.000

RB X .129  -.008 .571 1.000

CS X .922 .133 .392 .242  1.000

SB X .88l .240 .204 .073 .835 1.000

HG X .010 .077  -.041 .139  -.031  -.065 1.000

AS Y 477 .525 .354  -.090 .336 .306 .047  1.000

SE Y .241 .440 .374 .032 .181 117 -.027 .673  1.000

LI Y .096 .343 .34% L4451 .155  -.027  -.i55 .380 .541  1.000

RB Y -.154  -.002 .508 .792  -.056  -.203 .082  -.167 -.069 .596 1.000

CS Y .141 .278 .496 .071 .179  -.018  -.132 .434 422 .661 .310  1.000

SB Y .111 .198 .034  -.203 -.028  .085 .042 .317 .087 -.010 -.202 -.015 1.000
HG Y .052  -.021 -.119 -.017  -.046 .026 .396 .270 .160  -.153  -,201 -.103 -.009 1.000
X = SURFACE MICROLAYER Y = SOIL

TABLE 4: Correlation matrix for selected elements showing
relationship between soil and surface microlayer results.




COMPARATIVE STATISTICS

A review of the tabulated statistics 1in Appendix A indicates a
close relationship between the means of the second pass statistics
for both soils and surface microlayer. Only six elements or ions
show substantial deviations from a one to one soil to surface
microlayer relationship in a plot of mean versus mean. These
parameters are Co, Pb, C17, SOZ and N0  which are
enhanced in the surface microlayer, and Ca which is depleted in
the microlayer. While the build-up of the anions C1°, SOZ
and NO§ can be readily explained by the —concentration of
salts at the surface due to the evaporation of groundwater, the
enhancement of cobalt and lead are not that readily interpreted.
Comparison of the corré1ation coefficients for cobalt in soil and
surface microlayer (Meyer, 1980) indicates a strong positive cor-
relation between Co, Ti, V and Fe in the surface microlayer which
is not evident in the so0il data. This combination may indicate
enrichment of cobalt along with a resistate mineral or with Fe
hydroxide accumulating at the surface. 1In contrast, Pb correlates
well with Zn and Mn in the surface microlayer, possibly indicating
a preference for Pb to be trapped in a Mn oxide-rich surface grain
coating or desert varnish. The increase in calcium in convention-
al soils as compared to the surface microlayer can probably be
attributed to the presence of caliche type soils, with calcium
concentrated in the caliche 1layer which 1is located at a depth
dependent on the amount of rainfall,

GEOCHEMICAL TRAVERSES

The soil and surface microlayer profiles of geochemical Traverses
A, B, C and D can be compared by reviewing the computer profiles
in Appendix B in relationship to the sample location map. A use-
ful point of reference would be the Opal Mound Fault which inter-
sects Traverses A, B and C at samples 119, 213 and 304 respective-
ly, while a broad chemical response might be expected on Traverse
D between samples 408 and 420. Significant positive and negative
correlations with these zones have been noted by drawing a contin-
uous outline of the profiles in the appropriate location.
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Mercury:

Surface microlayer results for mercury show a broader indication
of the region in the vicinity of the Opal Mound Fault on Traverse
B, and a generalized high zone on Traverse D (Figure 30). By
contrast, the soil values are sharply defined with a single strong
response at 213 (368 ppb) with a number of individual erratic high
values on Line D. In terms of establishing a rapid reconnaissance
method using mercury for the detection of geothermal targets, the
broader anomaly in the surface microlayer would appear to be more
suitable.

Antimony:

Surface microlayer results for antimony indicate a broad anomalous
region centered on the Opal Mound Fault at sample 213. This fea-
ture is not evident in the soil data, and both soils and surface
microlayer results are not particularly definitive on the remain-
ing lines. In its ability to detect the Opal Mound Fault on Tra-
verse B, the surface microlayer is superior to soil as a sample
for antimony (Figure 31).

Cesium:

The cesium data in this phase of the program is somewhat ambiguous.
On Traverse B the surface microlayer samples give a strong posi-
tive anomaly at .the Opal Mound Fault compared to a low in the soil
data (Figure 32). Conversely on Traverses A and D, the geothermal
area was apparently marked by strongly positive values for both
soils and surface microlayer.

Lithium:

Lithium exhibits a low 1in both the soil and surface microlayer
samples collected at 213 on the Opal Mound Fault. Traverse C
shows high values for both sample types, and anomalous values are
also present at the western end of Traverse B. The presence of a
low flanked by relatively high values at the Opal Mound Fault may
be useful 1in exploration, but no significant difference exists
between the soil and surface microlayer profiles (correlation
coefficient 0.848 (Table 4),.
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Selenium:

A close relationship betwéen soil and surface microlayer results
is again found in the case of selenium, with the single exception
of a positive soil anomaly centered on Traverse C that is not
evident in the surface microlayer. The relatively noisy pattern
on line D complicates the interpretation to the point that based
on Phase II data, selenium would have to be considered of marginal
use in exploration at Roosevelt Springs.

Arsenic:

The arsenic pattern is strongly similar to that of selenium, ex-
cept that the arsenic anomaly in both soils and surface microlayer
is better defined in the vicinity of the Opal Mound Fault of Tra-
verse B (Figure 33) than on the equivalent selenium profile. Arse-
nic values are less erratic in the center of Traverse D making
this element marginally of greater potential usefulness than sele-

nium.

Rubidium:
The rubidium patterns are soméwhat similar to the lithium profiles
(Rb-Li correlation coefficients of 0.596 for soils, 0.571 for
surface microlayer). No significant difference can be seen be-

tween the soils and surface microlayer response.

Beryllium:

There are very low contrast anomalies on either side of the Opal
Mound Fault shown on one traverse in both the soils and the sur-
face ‘micro1ayer samples. These anomalous values are, however,
lTower than those recorded in samples collected from the Mineral

Mountains.
Anions:

0Of the anions, sulfate and fluoride show a positive response in
both soils and surface microlayer in the vicinity of the Opal
Mound Fault on Traverse B, while a broad chloride high on line D
may be related to the subsurface geothermal reservoir. In the
case of chloride, the surface microlayer results provide a superi-
or geochemical pattern.
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Multi-element ICP Results:

A review of the ICP element profiles indicates potentially signi-
ficant patterns for Zn in both soils and surface microlayer over a
broad area. Ni and Co show marked anomalies in the surface micro-
layer samples from the vicinity of the Opal Mound Fault on Tra-
verse B, while Pb gave a positive response from this area in both
soils and surface microlayer. On the traverses sampled 1in the
preliminary study, none of the other major or minor elements ap-
peared to be helpful in defining the area of geothermal activity.

Radon and Temperature:

Radon gas analysis failed to detect the Opal Mound Fault on eijther
the A, B or C traverse. Relatively high values were associated
with granitic rocks and some areas of mineralization. Temperature
profiles were noisy and inconclusive, probably due to the absence
of a continuous recording control station.

PHASE TI CONCLUSIONS

The geochemical response of selected elements and idons to the
geothermal test area is summarized in Table 5. On the whole, the
surface microlayer samples proved advantageous in the case of Hg,
Sb, As, Zn, Ni and Co and were generally less erratic, providing a
smoother profile. This broadening of the anomaly is a distinct
advantage 1in reconnaissance for geothermal areas in that a wider
sample spacing can be used. As a consequence, surface microlayer
sampling was used exclusively in the Phase III regional sampling

program.
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TABLE 5: Comparison of soil and surface microlayer
geochemical response to geothermal activity at
Roosevelt Springs.

Element/Ion Surface Microlayer Soils

Hg Strong, broad Strong, narrow

Sb Strong, OM fault None

Cs Low on fault Low on fault

Li Low on fault, Low on fault,

possible halo possible halo

Se Erratic, noisy Erratic, noisy

As Strong, OM fault Moderate, OM fault

Rb Possible broad halo Low on fault,
possible halo

C1- Possib]e_broad zone None

S04= High on fault, erratic High on fault,
erratic

F- High on fault High on fault

NO3— Broad zone Traverse D Erratic

Zn Broad anomalous zone Low on fault, broad
halo

Ni Strong, OM fault None

Pb Broad zone, OM fault Broad zone, OM fault

Co Strong, OM fault None

Be Marginal anomaly, Marginal anomaly,

OM fault
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PHASE ITI FIELD RECONNAISSANCE

In this phase of the field program all samples were taken from the
surface microlayer using the Barringer SURTRACE backpack sampler.
The samples were collected over an area within a 25 ft. radius of
each site, thus providing an integrated sample more representative
of the site than a spot sample.

In this second field program, samples were collected 1in three
distinct schemes (Figure 34).

A. Background samples

Beyond the boundaries of the Roosevelt Springs KGRA, in the
background areas of the Escalante Desert and the Mineral Moun-
tains, samples were collected at section corners and, to the
north and west, at section centers. This gave an overall
sample denSity of 2-2% samples per square mile and yielded a
total of 107 samples.

B. Detailed samples

Within the KGRA the sample spacing was reduced, where possible,
to quarter mile centers on Tines spaced at half mile intervals.
The total area sampled at this density was 31 sguare miles
with 4.1 samples per square mile. This yielded a total of
some 127 samples.

C. Close spaced samples

Two lines of close spaced sampling were completed across the
Opal Mound Fault. Each line was somewhat over one mile in
length and the sample interval was 200 ft., yielding a total

of some 64 samples.
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DISCUSSION OF THE GEOCHEMICAL DATA
FROM THE PHASE III SAMPLING PROGRAM

MERCURY

Surface Microlayer Soil Grid Data

The most prominent features of the mercury data are two strong
contrast anomalies with maxima over 100 ppb (Figure 35). One of
these lies on Negro Mag Wash Fault, a 1ittle to the west of the
intersection- with the Opal Mound Fault. The anomaly cannot be
related to the presence of any of the surficial geothermal depos-
its of silica and is not near any of the producing geothermal
wells. The anomaly 1is due to a single, highly anomalous sample
with a value of 321 ppb Hg. This anomaly is not reflected in the
nearest samples to the north, south, east orn west.

The main geothermal area, the silica deposits and the Opal Mound
Fault do not have a recognizable expression in this mercury data.
There is a zone of low contrast mercury anomalies extending west-
wards along the 1line of the Salt Cove Fault, but the contrast is
not great enough to be of use in an exploration context.

The second major feature is again due to a single high sample, in
this case with a value of 110 ppb. The sample was collected from
the flanks of a small hill of Tertiary syenite which 1lies to the
north of Big Cedar Cove. The anomaly is not reflected in the
samples immediately to the east or west, but there are two elevat-
ed samples to the south which were collected from the alluvial
fill of the cove. There is no clear reason for this area of high
values, but the calculation of a trerd surface for the whole sur-
vey area, reveals this to be part of a regional high in the mer-
cury data. The implications of this are discussed later.

A value of 90 ppb on the contoured data on Bailey Mountain Ridge
derives from the sampling carried out under Phase II. This sample

also exhibits an anomalous concentration of zinc and, to a lesser
extent Tlead, and probably, therefore reflects the presence of

nearby mineralization.

An area of somewhat elevated values in the southern section of the
survey area, to the west of Ranch Canyon does not correspond with
any known geothermal activity, but it is an area of more frequent
faulting.
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In comparing the mercury data with Figure 29 which shows the com-
position of the coarse fraction of the surface microlayer, there
is a clear correlation between the higher values and the presence
of granitic rock fragments in the alluvial areas. In the areas
where obsidian and volcanic rock fragments predominate, the mer-

cury values are low.

Detailed Surface Microlayer Traverses

There is an expression of the Opal Mound Fault in the mercury data
from both of the closely spaced soil traverses (Figures 36 and
37). The mean mercury concentration for these sample sets was 28
ppb and the standard deviation is 7.7 ppb. On both traverses,
therefore, there is a single sample which may be considered to be
truly anomalous ( + 2 standard deviations) although on Traverse 1

_the anomaly is only marginal (Figure 36). Even when sampled at

this scale, there is no dispersion of mercury beyond the fault.

Conclusions

The mercury data may be considered to be somewhat discouraging as
the main geothermal areas have not been delineated on the soil
grid by this element. However, the principal anomaly on Negro Mag
Wash lies within the area of strongest heat flow and the fact that
it does not also correspond to macroscopic deposits of geothermal
origin may suggest that mercury has a role in detecting more sub-
tle expressions of geothermal activity. The Tlimited dispersion
shown by the detailed sampling across the Opal Mound Fault and the
fact that the main anomaly derives from a single sample suggests
that this element may be most useful on a detailed rather than a

regional scale.

These data do not compare well with the results of Bamford et al.,
(1980). The background values from both sets of data are very
similar but these authors were able to demonstrate the existence
of somewhat more extensive and more intense areas of anomalous
mercury values. However, the sampling was carried out on 500 ft.
centers and the discrepancy between the two sets of data can pro-
bably be ascribed to the different sample patterns.

The 4th order trend surface for the mercury data has been calcu-
lated and is shown in Figure 38. This reveals a major regional
high approximately centeped under Bearskin Flat, and elongated
north-south. It s possible that this regional anomaly 1is a
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reflection of a major heat source at depth and its position
approximately corresponds the site of the intrusive igneous heat
source postulated by Ward et al., (1978). However, whether this
is coincidental or not must, at this stage, remain speculative.

ARSENIC

Surface Microlayer Grid Data

The mean concentration of arsenic in the soils of the survey area
is 3.7 ppm, the standard deviation is 1.4 ppm and values above 6.5
ppm may, therefore, be considered to be anomalous (Table 7). This
corresponds well with the background of 4 ppm and the threshold of
6 ppm reported by Bamford et al., (1980).

The major feature of the contoured arsenic data (Figure 39) is a
series of strongly anomalous values that follow the 1line of the
Salt Cove Fault (WNW 3, Fig 9). The anomalous samples form a
quite coherent pattern running west northwesterly across the north-
ern part of the survey area, with a maximum value of 12.6 ppm As.
The anomalous values become more intense and more closely grouped
in the northwest corner of the survey where the Salt Cove Fault
converges with Negro Mag Wash Fault (WNW 4). A strong north-south
lTineament (N3), which may be projected to extend across the whole
area, also intersects these two faults at this point.

The vremaining prominent feature of these data is a moderately
strong/anoma1y‘derived from a single sample collected from near
the intersection of Opal Mound Fault and Negro Mag Wash Fault.
This anomaly is clearly related to, and is an expression of, the
geothermal activity.

The remaining section of the geothermal area including the areas
of opaline sinter and silica cemented alluvium, do not have an
expression with the arsenic data.

Arseni¢fis not strongly correlated with any single element deterf
minedv‘jn“this' survey, but there ére moderate corre]ations with
se1en1dﬁ, cesidﬁ; calcium, strontium and the anions ch1or1de anq
nitrate;‘ There: is also a moderate negative correlation with sili-
ca. prever,.tﬁe anomalous values are not, apparént1y, related to
the aréas_ showﬁpg a strong carbonate reaction that. were mapped
during the survey (Figure 28).
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The remainder of the area was, on the whole, geochemically quiet
in the arsenic data. An anomalous feature in the extreme south-
west of the survey may be ascribed to a single sample.

Detailed Surface Microlayer Traverses

The 1level of the arsenic data from these traverses is, overall,
Tower than that in the area as a whole, with a mean of 3.4 ppm and
a threshold of 4.8 ppm As. There is not, therefore, any indica-
tion of the geothermal activity on regional scale. Furthermore,
the position of the Opal Mound Fault is only evident on Traverse
1,'where there is a maximum in the data of 5.2 ppm to the east of
the fault and theré are two elevated values of 4.4 ppm which do
not, however, exceed the threshold (Figure 40). Traverse 2 does
not have any expression of the fault at all, despite the fact that
it crossed an area of opaline sinter (Figure 41).

Conclusions

It may be surmised that the 1line of arsenic anomalies along the
Salt Cove Fault outline an area of geothermal activity and that
the intersection of the three faults in the northwest corner of
the survey 1is highly prospective, but in the absence of drilling
in this area, this must remain speculative. However, if drilling
were to confirm the presence of a geothermal resource in this
area, then it would provide strong encouragement for the use of
arsenic in the surface microlayer as a reconnaissance exploration
tool.

It is unfortunate that the main geothermal area and the surficial
siliceous deposits do not have a recognizable expression in the
arsenic data. Bamford et al., (1980) report strong arsenic in
soil anomalies associated with this aresa and it is therefore proba-
ble that the wider sampling interval -s the reason for the absence
of an anomaly. It is to be noted that, even in the survey by
Bamford et al., the central section of the Opal Mound Fault is
overlain by soils with only background concentrations of arsenic.

CESIUM

Surface Microlayer Data

The mean concentration of cesium in the soils of the survey area
is 7 ppm and the standard deviation is 7.4 ppm Cs (Table 7),

-86-




Figure 40
o’ 1000’
(RN Sy Traverse 1
1:1200
Arsenic

ppb

A & A i P A A " W A & J

265 260 255 zéoT 245 240 235 gample Number




ppb

60 T Figure 41
Traverse 2
Arsenic
504
4.0
301
N
201
1O 0’ 1000’
1: 1200
269 275 280 285 290 295 300 Sampile Numbder

OMF




giving a threshold of 21.8 ppm Cs. However, these data include a
group of highly anomalous samples collected in the selective samp-
ling on closely spaced Tlines and these strongly and incorrectly
contribute to the high value of the standard deviation in propor-
tion to the mean. If the data from the traverses are removed

from the remainder of the results, then the mean drops to 6 ppm
Cs, the standard deviation to 4.5 ppm Cs and the threshold to 15
ppm Cs.

The cesium data shows a good correlation with antimony and a moder-
ate correlation with arsenic, both of which may be considered to
be geothermal indicators. There is also a moderate correlation
with the alkaline metals lithium and calcium.

The principal feature of the cesium data (Figure 42) has been
generated by a group of anomalous samples in the northwest corner
of the survey area. The anomaly is derived from a contiguous
group of four samples with a maximum value of 86 ppm. The anomaly
may, therefore, be accepted with considerable confidence as genu-
ine. The anomaly lies at the intersection of the Salt Cove Fault
with the strong north-south fault N3 (Figure 10). The second
strongest anomaly in the area is to be found some 3% miles to the
southeast, also overlying the Salt Cove Fault.

The geothermal area has a good expression in these data. There is
a low contrast anomaly at the intersection of the Negro Mag Wash
Fault and the Opal Mound Fault. This is close to Phillips well
54-3 rated "best well" and at the center of the heat-flow anomaly.
The sample came from the Negro Mag Wash, and there is no evidence
of macroscopic geothermal alteration or deposition in this area.
There 1is a second, more intense, single sample anomaly, centered
approximately 3/4 mile to the west of Opal Mound. This 1is close
to the area that was shown to be hot but with a small flow and Tow
permeability by Phillips well 9-1. Beyond these anomalous areas
the cesium data is extremely quiet.

Detailed Surface Microlayer Traverses

Soil traverse #2 includes a large proportion of samples that con-
tain highly anomalous concentrations of cesium. Therefore, for
the purpose of calculating the background and threshold values,
the two traverses have been treated independently. Viewed in this
manner, traverse #1 has two low contrast anomalies on either side
of the Opal Mound fault (Figure 43). A single, extremely low
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value in a sample collected some 600 ft. to the west of the fault
can probably be ascribed to analytical error, as this result is
outstandingly different from the remainder of the entire sample
set.

The second traverse (Figure 44) shows a very highly anomalous set
of samples extending 300 ft. to the west and at least 1300 ft. to
the east of the Opal Mound Fault. The maximum value is 48 ppm Cs,
giving a very high contrast on both a local and a regional scale.
This traverse extends across the southern extension of the Opal
Mound, but the anomaly extends well beyond the area of visible
opa]ine cement or opal fragments.

Conclusions

Cesium appears to offer promise as one of the most useful elements
for geochemical, geothermal exploration. This is strongly support-
ed by the extremely quiet background and the high contrast which
in effect gives two very distinct populations.

However, the usefulness of this element could only be confirmed or
denied by exploration along the Salt Cove Fault. If a geothermal
resource were proven in this area, then it would strongly support
the widespread determination of this element in the surface micro-
layer as a regional exploration tool.

ANTIMONY

Surface Microlayer Grid Data

The antimony data for this area are, generally, extremely quiet
and apart from 6 samples the concentration o antimony in all the
soils are uniformly 0.2 ppm or less. This concentration is Tlow
for an average soil (Rose et al., 1979), but can probably be as-
cribed to the poorly developed nature of the soils in the Escalan-
te Desert. The six samples showing higher concentrations have
produced four geochemical anomalies within the contoured data
(Figure 45). A small apparent anomaly 1in the west-southwest of
the survey area is an artifact of the computer contouring. Anti-
mony shows 11tt1e_porre1atfbn with the other elements determined
during this program, with the single exceptﬁon of cesijum with
which the correlation is moderately strong. There 1is a weak to
moderate negative correlation with sodium and aluminum.
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O0f the four genuine antimony soil anomalies on the contoured data,
the largest 1lies in the northwest corner of the survey. This is
due to a single sample, but it Ties within an area that has been
shown to be geochemically active in a number of elements. The
anomaly 1lies at the intersection of the extension of Negro Mag
Wash Fault, and the north-south fault N-3. A second anomaly Tlies
some 3% miles to the east-southeast and is again due to a single
sample. This anomaly occurs on the westward projection of the
Salt Cove Fault in an area where it intersects a number of east-
west en echelon fractures.

A strong, two sample anomaly is to be found at the intersection of
Negro Mag Wash Fault and Opal Mound Fault. The samples were col-
lected from the bottom of Negro Mag Wash and no visible evidence
of geothermal deposition was seen during the sampling. This 1is
the area of maximum heat flow and high hot water production.

The final contoured anomaly lies at the southern end of the Opal
Mound and has been generated by the high values 1in the center of

the detaijled soil traverse #2.

Detailed Surface Microlayer Traverses

The position of the Opal Mound Fault has been only indicated by
the antimony data on traverse #2 (Fiqure 46). On this traverse,
there is an anomaly 1000 ft. Tong extending mainly to the west of
the fault trace. The anomaly begins on,'but is not confined to,
the Opal Mound. The anomalous samples are not restricted to those
with visible siliceous deposition or opal fragments.

Conclusions

It would appear that antimony may offer some promise as a useful
element in geothermal exploration. This is made particularly true
of an environment such as this, where the background values are

l'oth low and quiet.

Bamford et al., (1980) report very strong enrichments of antimony
in the opaline sinter and the overlying soils, and in the manga-
nese cemented alluvium. - There is not a close correlation between
the antimony concentrations recorded by the two surveys. This may
be ascribed to either the different sampling media or to different

analytical Taboratories.
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As with many other elements, however, the real evaluation of this
metal in geothermal exploration depends very much on an investiga-
tion of the geothermal activity along the Salt Cove Fault and the
region in the northwest corner of the survey area.

LITHIUM

Surface Microlayer Grid Data

The most prominent feature of the contoured lithium data (Figure
47) 1is a 60 ppm anomaly which forms the southern end of a south-
west-northeast trending anomalous zone across the northwestern
corner of the survey area. This anomalous zone and its trend do
not conform to any known structures or geothermal activity, but
the anomalous area includes 5 samples with values greater than the
threshold value of 40 ppm Li.

Lithium has a strong correlation with rubidium and a moderate
correlation with cesium, copper, beryllium, calcium, magnesium,
lead and manganese. There is a moderately strong negative correla-
tion with silica. This suggests that the anomaly is probably due
to the alkaline conditions created by the drainage in this area.

The remainder of the area is geochemically quiet in 1ithium and
there is no indication of the geothermal area.

Detailed Surface Microlayer Traverses

The position of the Opal Mound fault has not been indicated by the
lithium data. Although the values on Traverse 1 tend to be higher
near the fault, the concentrations are not greater than the local
" threshold of 35 ppm Li (Figure 48).

Conclusions

Considering the acidic nature of the country rocks at Roosevelt
Springs and the high concentrations of 1lithium in the geothermal
waters, it is surprising that T1ithium in surface soils does not
provide a better guide to the position of the geothermal area.

However, Bamford et al., (1980) note that 1lithium tends to be

concentrated in the rocks and soils of the hydrothermally altered
areas and 1in the self-sealed zones. Furthermore, although they
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were able to demonstrate that Tithium was strongly enriched in the
sinter of the Opal Mound, the concentrations in the overlying
soils were strictly background.

Lithium would not, therefore, appear to be useful in this area in
geothermal exploration.

SELENTUM

Surface Microlayer Grid Data

The general tenor of the selenium values in this area is low with
a background concentration of 0.07 ppm Se (Table 7). This reflects
the poorly developed, inorganic nature of the soils. In this area
values above 0.13 ppm Se may be regarded as anomalous.

The only featdre in these data which, therefore stands out above
the background is a very well marked series of anomalies running
ESE-WNW across the northern section of the survey area (Figure
49). This line of anomalous values can be traced from the extreme
east of the area, where the samples were collected within the
Mineral Mountains, into the extreme northwest corner. This trend
coincides with and overlies the trace of the Salt Cove fault and
the more consistent, higher values in the area where this fault -
interects the north-south fault N3. '

Within the Mineral Mountains anomalous values appear to be associ-
ated with areas of Tertiary intrusives, but are not related to any
particular rock type. The Roosevelt Springs KGRA has not been
delineated by the selenium data.

Detajled Surface Microlayer Traverses

The position of the Opal Mound fault has 10 expression in the
selenium data.

Conclusions

The absence of any indication of the position of the known area of
geothermal activity in the selenium data is disappointing. How-
ever, a true evaluation of the usefulness of this element must
await the exploration of the Salt Cove fault area.
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RUBIDIUM

Surface Microlayer Grid Data

The rubidium soil data (Figure 50) contains no expression of the
geothermal area. In fact the area of greatest geothermal activity
is shown to be 1low in rubidium. Anomalous areas in the Mineral
Mountains appear to be associated with acidic Tertiary intrusive

rocks.

To the west of the geothermal area there are anomalies 1lying to
the north of the 1line of the Salt Cove fault but their signifi-
cance is not clear. Within the Escalante Desert, there 1is no
obvious association between areas that are anomalously high in
rubidium and areas that contain a large proportion of granitic
material in the surface microlayer.

Detailed Surface Microlayer Traverses

The rubidium data from the samples collected alony the closely
spaced sample lines do not indicate the position of “he geothermal

area.

Conclusions

Rubidium in the surface microlayer would not appear to have mater-
jally assisted in exploration. However, rubidium is a contributor
to Factor 3 in the data processing which, in combination with the
Tithium and beryllium data, indicates that a geochemical Tow in
these three elements occurs in the geothermal area.

BERYLLIUM

Surface Microlayer Grid Data

With a threshold concentration of 3.5 ppm Be, the only areas with-
in the contoured data (Figure 51) that may be considered to be
truly anomalous 1lie along the eastern edge of the survey area,
within the Mineral Mountains, and along the southern margin.
However, 1in comparison with the local, very quiet background which
applies to the remainder of the area, there appears to be a local-
ized anomaly centered over the intersection of the Opal Mound and
Negro Mag Wash faults. This anomaly is lobate in shape and the
contouring clearly indicates that it can be traced back along the

trace of the Negro Mag Wash fault.
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However, the fault also underlies the Negro Mag Wash itself, and
the most probable explanation for this anomaly is that it is due
to detrital minerals carried down the wash and dumped in the flat
area at its mouth. The areas that are anomalous in beryllium
within the Mineral Mountains appear to be closely associated with
the rhyolite domes which, presumably, are the source of the beryl-
1ium rich detrital minerals.

Detailed Surface Microlayer Traverses

The detailed soil sampling- has provided no indication of the geo-
thermal area or the Opal Mound fault within the beryllium data.

Conclusions

Beryllium would not appear to have been a useful indicator of the
geothermal activity in this area. Bamford et al., (1980) were
.able to detect highly anomalous concentrations of beryllium in the
sinter of the Opal Dome, but this was not reflected in the over-
lying soils. Enhanced beryllium concentrations were also associ-
ated with an area of manganese cemented alluvium,

It seems probable that the extreme immobility of beryllium in the
surface environment, limits its distribution within the soils.

OTHER ELEMENTS

The remaining non-anion parameters determined during this program
do not, when considered individually, contribute meaningful infor-
mation to the geothermal study area. However, the computer con-
toured maps for these elements are included as Figures 52-73.
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ANIONS

SURFACE MICROLAYER GRID DATA

Chloride

The contoured map of the chloride ion data shows that the area
can, essentially, be divided into two parts. The eastern part of
the survey is essentially featureless, and, as this includes the
geothermal zone, there s no expression of the Roosevelt Springs
KGRA (Figure 74).

There are a series of elevated samples running along the western
edge of the survey area. The result of this is that there are, in
effect, two populations of data, and this is the reason for the
very high standard deviation for this anion (Table 7).

The chloride data shows 1ittle or no correlation with the other
elements determined in this program, with the exception of nitrate,
calcium and magnesium where there is moderate positive correlation
and with silica, where there is a moderately weak negative anomaly.

Nitrate

The only feature in the nitrate data in the eastern section of the
survey area was collected from a small unnamed cove at the edge of
the Mineral Mountains {(Figure 75). The sample was collected from
an area of grazing land on which the vegetation had been recently
burned. This would undoubtedly result in the formation of a great
deal of nitrate, and is the most probable source of the anomaly.

To the west there 1is a single sample, high contrast anomaly.
Nitrate 1is well correlated with chloride and with calcium and

magnesium.,
Fluoride

The fluoride data (Figure 76) is more complex than that for chlo-
ride and nitrate. A1l of the anomalous values are in the Escalan-
te Desert and the majority are associated with an area in which
obsidian and volcanic rock fragments predeminate (Figure 29).
Fluoride shows only poor correlation with any of the other
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elements determined during this project (Table 7), suggesting that
the principal control of 1its distribution is 1lithological rather
than being related to a particular mineral species.

Although the anomalous areas of fluoride encroach onto a section
of the geothermal field, this data would have been of no use in

indicating its position.
Sulphate

The majority of the sulphate activity in this area is concentrated
to the west (Figure 77). Minor anomalies in the east are, in each
case due to single samples. One of these lies within the Mineral
Mountains and shows anomalous values of arsenic and mercury in the
same sample with a slightly elevated concentration of copper. It
seems probable, therefore that the sulphate 1is an indication of
nearby oxidizing sulphide mineralization.

The anomalous areas to the east are probably a reflection of salt

accumulation in the soils.

DETAILED SURFACE MICROLAYER TRAVERSES

There is no indication of the position of the Opal Mound Fault in

any of the anion geochemistry data.

Conclusions

Anion geochemistry in the surface microlayer does not appear to
offer any encouragement for its use as a method of exploration for
geothermal areas. It is probable that these species are too mo-
bile in the surficial environment to accumulate preferentially at
the point of discharge onto the surface, and are also subject to
changes in concentration as a result of weather conditions.
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FACTOR ANALYSIS

The handling and interpretation of a large number of geochemical
variables can be a time consuming task if all the elements are to
be considered separately. This problem is met in the case of the
34 chemical parameters measured in the Roosevelt Springs surface
microlayer survey. Statistical methods, such as factor analysis,
can be used to reduce the data handling problem. Factor analysis
is an approach whereby a large number of geochemical variables may
be simplified into substantially fewer factors (combination and
weighting of geochemical results) that contain essentially the
same information as the entire data set.

Two types of factor analysis are commonly used. The first, R-mode,
determines the inter-relationships between the variables while the
second, Q-mode, classifies each sample in terms of end-member
samples of distinctive composition. R-mode analysis is most use-
ful for isolating the effect of chemical and physical processes
within the environment, and it was anticipated that this form of
analysis would separate identifiable element associations in the

surface microlayer at Roosevelt Springs.

In R-mode analysis, a factor refers to the product derived from
the combination of a number of weighted variables, in this case
derived from the correlation matrix of the analytical results.
The computer sequentially determines the factor that accounts for
the largest proportion of the total variance within the data set,
and factor loadings, the weighting of the variables in that factor,
are determined for each geochemical variable. These factor load-
ings are numbers from -1.0 to +1.0, with +1.0 representing a per-
fect correlation between that variable and the factor, and -1.0
being a perfect inverse correlation. Factor 1loadings near 0.0
indicate that the variable concerned has no influence on the fac-

tor.

Factor scores may be computed for each sample once all the factors
and factor 1loadings have been determined. These factor scores
indicate the normalized correlation of each sample with the fac-
tor, and the spatial distribution of the factor scores can provide
a useful medium for the identification and interpretation of the
geochemical associations. Further discussion of this statistical
method may be found 1in Cooley and Lochnes (1962), McCammon (1975)
and Joreskog, et a].,\(1976).
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METHOD

The computer program used for the factor analysis was made avail-
able as part of the Statistical Package for the Social Sciences
(SPSS) described by Nie et al., (1975). As well as performing the
factor analysis, statistics provided by the program included means
and standard deviations (Table 6) and a matrix of correlation
coefficients (Appendix C). The factoring method used was that of
~principal factoring with ijteration followed by oblique rotation.
Output from the factor analysis is included as Appendix D, while
the oblique factor structure matrix indicating the 1loadings for
each eTement in the nine factor model is also included as Table
7. Factor scores were determined for the regional data and have
been plotted as a series of contour maps showing the spatial vari-
ation of the nine factors. The significance and meaning of the
factor model is discussed in the following section.

RESULTS

The nine factor models provided a simplification of the multivar-
iate data set into a meaningful grouping of chemical parameters.
These factors have been mapped over the Roosevelt Springs survey
area (Figures 78 to 86) and are described in the following sec-

tions.

Factor One: This factor exhibits a strong Tloading 1in elements
which are characteristic of a mafic-metamorphic mineral assemblage
(V. 929, Fe .914 and Ti .856). The factor score distribution
confirms this aﬁsociation, with strong positive scores coincident
‘with older metamorphic rocks on the western flanks of the Mineral
Mountains (Figure 78). Evidence of detrital dispersion of miner-
als derived from weathering of the more mafic rocks can also be

seen in the Quaternary alluvium located down slope from the area

of metamorphic rocks.

Factor Two: Strong positive loadings for elements and anions
forming seepage related surface precipitates characterize the
chemical grouping in Factor Two ($r 0.952, C1° 0.942, N0§
0.526, and Ca 0.521). The factor score distribution map (Figure
79) shows a zone of high values parallel to the trend of the val-
ley floor and 96meWhat coincident with the map of strong efferves-
cence in the surface microlayer (Figure 28) indicative of caliche

development.
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TABLE 6. Means and Standard Deviations for Surface Geochemical Data

VARTARLE

AY
GE
LY
RR
SE
HG
SR
™
¢S
E
NO3
504
CL
CR
Co
cu
PR
NI
ZN
RE
ZR
v
Ba
k
AL
FE
LA
MG
TI
MN
NA
K

F

S1

MEAN

37330
+0474
28.3167
101.7533
+1713
30.9947
287.7940
28.7730
7,0200
S.21067
22,7687
10.7120
60,2643
45.1730
15,2997
18.0217
22.8833

C 22,6823
P6,1393
243563
84.7960
693611
60,9333
743120
HA8B89 . 4667
F1329.0667
20008.2747
10607.,5800
4728.2667
PEE 7067
L6727.4233
23548, 2337
1019.7533
306321.0000

STANDARD DEV

1.4308

+ 0336

5. 3559
24,2932

« 1385
21,1495
166.0906
13,1366
7442386
4,4490
7hH.6533
12,3082
HEP . 3298
G7+6451
88,0486

He 6930
6.8989
G7.2965
29,7663

e Q437
11.9426
15,1697
101.8406
s H679
G971 .0667
7451 ,9918
15683, 3077
26076658
1093.,2078
278.4347
3088.3128
2294 .,998%5

4366337

24076 .7848

CASES

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
360
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300




Factor Three: Lithium, rubidium and beryllium form strong posi-

tive loadings on Factor Three (Table 7), and appear to reflect the
contrast between elements associated with clay-rich soils as op-
posed to sandy alluvium. Positive factor scores coincide with the
clay-rich residual soils of the Mineral Mountains, while negative
scores are associated with coarse grained sandy alluvium deposited
along the western edge of the mountains (Figure 80). Deposition
of clay-rich sediments in low energy areas of the valley floor may
explain the positive factor score anomaly in the northeast corner
of Township 26S, Range 10W.

Factor Four: This factor 1is characterized by strong positive

loadings for Cr (.988) and Ni (.984), with minor support from Cu
(.328) and Co (.300). A metal association of this kind may well
be indicative of previously unreported'minera]ization or a unique
rock type in the vicinity of Little Cedar Cove (Figure 81). As
expected, Factor Four is most strongly correlated with Factor One,

representing the mafic association.

Factor Five: This negative factor with strong loadings for Cs

(-.757) and Sb (-.549) is of particular interest due to its poten-
tial hydrothermal association. Examination of the distribution of
factor scores (Figure 82) shows a negative factor score pattern to
be coincident with the surface trace of the Opal Mound fault, with
a high near the intersection of the Opal Mound and Negro Mag
faults. The negative factor pattern extends to the northwest
along a zone which may be related to down-gradient movement of
cesium and antimony-rich waters. The strong Factor Five anomaly
occurring on the floor of the valley at the break of slope may
represent a seepage zone for these same cesium and antimony-rich
waters, or <could be directly related to a separate subsurface

source of geothermal waters.

Factor Six: Rhyolite domes, and alluvium derived from the weather-

ing of these rhyolites, are outlined by the positive factor score
distribution (Figure 83), with high loadings of Zr (0.715) and Si
(.471). Negative loadings of Mn (-.705), Zn (-.698) and P (-.675)
provide a pattern which is most closely associated with Tertiary
granites and quartz monzonites and may well represent a late-stage
mineralizing phase related to these intrusives. Down slope dis-
persion can also be traced from the area of quartz monzonite north
of Negro Mag Wash, to the seepage zone in the northwest corner of

the survey area.
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TABLE 7. Oblique Factor Structure Matrix for Nine Factor Model
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Factor Seven: This negative factor with high Tloadings for Th
(-.680) and Be (-.634) shows a distribution pattern which 1is pro-
bably related to the concentration of heavy detrital minerals with
alluvial deposits at the mouths of canyons draining areas where
rhyolites are being eroded. This is particularly evident in the
case of Negro Mag Wash and Lower Ranch Canyon (Figure 84).

Factor Eight: High positive loadings for potassium (0.767), alum-
inum (0.760) and sodium (0.656) give factor scores with an anomal-
ous distribution immediately to the north of Negro Mag Wash (Fig-
ure 85), perhaps related to a zone of hydrothermal alteration.
Sibbett and Nielson (1980) noted areas of albitization in the
eastern part of Negro Mag Wash.

Factor Nine: This factor may well be related to sulfide minerali-
zation, with high factor Tloadings for As (.507), Se (.507), ZIn
(.467) and Mg (.466). The strongest factor scores are found within
an area of Tertiary quartz monzonite to the north of the Negro Mag
Fault (Figure 86). Salt Cove fault is also anomalous, but it is
not clear whether this pattern represents downstream drainage from
the quartz monzonite source, or leakage of mineral-rich fluids

along the fault zone.
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CONCLUSTIONS

Phase II sampling showed that the surface microlayer was the
optimum sampling medium for geothermal exploration 1in the
environment existing 1in the Roosevelt Springs area. This
approach has clear cut advantages in terms of sampling speed,
with potential for helicopter reconnaissance of large areas.
Furthermore, some elements, notably As, Sb and Cs showed strong
expression of the Opal Mound Fault in the surface microlayer,
which was absent in the underlying soils.

If a limited number of elements are to be used to explore for
Roosevelt Springs-type geothermal activity, the results of
this survey suggest that the preferred elements are Hg, As, Sb
and Cs. However, Bamford et al., (1980) also suggest that Mn,
W, Li, Be, Zn, Th and>Sn may be of use. It is probable that,
in a different soil and fluid flow regime, these elements may
become more prominent. For example, in the data from this
survey the geothermal area is occupied by an area in which the
surface microlayer is Tlow in 1ithium and beryllium although
both of these elements have been deposited in anomalous con-
centrations within the opaline sinter. It is probable that
the low values are in fact due to the masking effect of highly
si]ﬁceous detritus derived from the Mineral Mountains, a pro-
cess clearly unrelated to geothermal activity.

Multi-element ICP analysis proved useful as an interpretation
aid when combined with R-mode factor analysis to develop a
model of the geochemical processes controlling the distribu-
tion of elements in the surface microlayer. Aqueous geother-
mal components are typified by the Factor Five distribution
based on Cs, Sb and As in the surface microlayer (Figure 87).
This factor has a surface distribution which closely reflects
the heat flow pattern in the vicinity of the Opal Mound and
Negro Mag faults, indicates Tleakage of geothermal-related
fluids along the Salt Cove fault zone, and is enhanced at the
intersection of the Salt Cove and N-3 faults. This Tlatter
area may well be related to a separate source of heat at depth
or to leakage of geothermal fluids moving westwards along the
Salt Cove Fault Zone.

The smoothed mercury data (Figure 38) has indicated the pre-
sence of a regional high, situated over the possible
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location of the dry heat source (Figure 87). Mercury could
have been driven to the surface by vapour phase transport
following a thermal gradient and have become separated from
other components traveling in aqueous solution.

While relatively detailed sampling is required to identify
leakage of geothermal fluids in the vicinity of the Opal Mound
Fault using the single element approach, the use of R-mode
factor analysis of multi-element data identified a broad re-
sponse at the surface. This was achieved because a single
factor related to the geothermal solutions could be identified,
and this association was more readily extracted from background
than were the single element anomalies. Using this approach,
regional sampling on half-mile centers provides a suitable
grid for regional geothermal exploration.

This program has demonstrated the importance of mapping the
surficial float material and of determining the sediments
reaction to hydrochloric acid as a measure of the carbonate
concentration. These data have materially assisted in inter-
preting the multi-element geochemiétry and must be considered
to be an essential component of future surveys of this type.

Analysis of groundwaters from wells (Figure 20) and surface
geochemistry (Figure 82) both suggest that there may be a WNW
leakage of geothermal fluids along the Salt Cove Fault zone
and an upwelling of brines at the intersection of north-south
fault N3. There is some support for this conclusion in that
the heat flow pattern (Figure 87) shows a well defined WNW
trending Tlobe. In view of these data and with the Tlack of
conflicting evidence, geochemistry points to a potential hot-

water source in this area.

The most relevant data from this program have been synthesized
in Figure 87. This figure combines the major faulting, Factor
2 (Figure 79) which outlines the accumulation of salts in the
centér of the Escalante valley, the heat-flow pattern after
Ward et al., (1978), the potential dry heat source indicated
by the mercury trend surface and Factor 5 (Figure 82) which is
considered to be the best geothermal indicator. It is consid-
ered that these data present a coherent picture of the main
geothermal activity in this area and their relationship to the

surface geochemistry.

-101-




N3

247000

325000
A27 1800 R 10 w R ° w R 8 w +4271500
/
LEGEND
4
/
' ) Zone of surface microlayer precipitates
k /
T 26 S .
Evidence of geothermal fluid chemistry
T28 S8 detected in surface microlayer
Regional mercury anomaly overlying
possible buried heat source
/ Heat flow contours in mWm >
/ (after Ward et al, 1978)
V2 / Y
}',// / / OMF Opal Mound Fault
A / / ‘ NMF Negro Mound Fauit
vy NMF SCFZ Salt Cove Fault Zone
/ N3 Fault N3
T27 S
’ T27S
Figure 87
5099
Hg
SUMMARY OF SURFACE MICROLAYER GEOCHEMISTRY
ROOSEVELT SPRINGS SURVEY AREA
T28 S o
4252000 ) 4252000
R 10 W R9WwW

325000 347000



REFERENCES

'Abou—Zied, S., 1973. Geology of the Milford Flat Quadrangle, Star

District, Beaver County, Utah: Utah Geol. Assn. Pub. 3, 43-48.

Anderson, J.J., and Rowley, P.D., 1975. Cenozoic stratigraphy of
southwestern high plateaus of Utah, in Anderson, J.J., Rowley,
P.D., Fleck, R.J. and Nairn, A.E.M., Cenozoic geology of
southwestern high plateaus of Utah: Geol. Soc. Amer. Spec.
Paper 160, p. 1-52.

Archambeau, C.F., E.A. Flinn, and D.G. Lambert, 1969. Fine
structure of the upper mantle: Jour. Geophys. Research, v. 74,
p. 5825-5865.

Armstrong, R.L., 1968. Sevier orogenic belt in Nevada and Utah:
Geol. Soc. Amer. Bull., v. 79, p. 429-458.

Armstrong, R.L., 1970. Geochronology of Tertiary igneous rocks,
eastern Basin and Range Province, western Utah, eastern
Nevada, and vicinity, U.S.A.: Geochimica et Cosmochimica Acta,
v. 34, p. 203-232.

Atkinson, D.J., and W.T. Meyer, 1980. Low cost airborne
geochemical detection and evaluation of "blind" geothermal
reservoirs. URC Trans., v. 4, p. 141-143,

Baer, J., 1973. Summary of stratigraphy and structure of the Star
Range, Beaver County, Utah: Utah Geol. Assn. Pub. 3, p. 33-38.

Bamford, R.W., 1978. Geochemistry of solid materials from two
U.S. geothermal systems and its application to exploration.
UURTI.

Bamford, R.W., 0.D. Christensen, R.M. Capuano, 1980. Multi-
element geochemistry of solid materials in geothermal systems
and its applications; Part 1: The hot-water system at the
Roosevelt Hot Springs KGRA, Urah: DOE/ET/27002-7, ESL-30, 168p.

Bargar, K.E., Beeson, M.H., Fournier, R.D. and Muffler, L.J.P.,

1973. Present day deposition of lepidolite from thermal
waters in Yellowstone National Park: Am. Mineral., 58, 901-904.

~-102-




Barnes, H.L., 1979. Geochemistry of Hydrothermal Ore Deposits,
2nd Ed., Barnes H.L., ed. Wiley and Sons, 1979.

Barosh, P.J., 1960. Beaver Lake Mountains, Beaver County, Utah:
Utah Geol. Min. Survey Bull. 68.

Barringer, A.R., et al., 1978. SurtraceTM, An Aijrborne
Geochemical System, presented at 12th International Symposium
on Remote Sensing of the Environment, Manila, Phillipines,
April, 1978.

Blackwell, D.D., 1969. Heat flow determinations in the north-
western United States: Jour. Geophys. Research, v. 74, p.
992-1007.

Bowers, D., 1978. Potassium - argon age dating and petrology of
the Mineral Mountains pluton, Utah: Univ. of Utah, Dept. of
Geol. and Geophysics, Unpubl. M.S. Thesis.

Braile, L., Smith, R.B., Keller, R., Welch, R. and Meyer, R.P.,
1974. Crustal structure across the Wasatch Front from
detailed seismic refraction surveys: Jour. Geophys. Research.

Brondini, M., Dall'Aglio, M. and Vitrani, F., 1973. Lithium as a
pathfinder element in the Targe scale hydrogeochemical
exploration for hydrothermal systems: Geothermics vol. 2, nos.
3-4, p. 142.

Brown, F.H., 1977. Attempt at paleomagnetic dating of opal,
Roosevelt Hot Springs KGRA: Quarterly Progress Report to ERDA,
contract EY-76-5-07-1601, p. 11.

Bryant, N.L., and Parry, W.T., 1977. ."Hydrotherma1 alteration at
Roosevelt Hot Springs KGRA - DDH 1976-1," UURI Tech. Vol.
77-5, p. 87.

Bullock, K.C., 1976. Fluorite occurrences in Utah: Utah Geol. and
Mineral Survey Bull. 110, p. 89.

Butler, B.S., 1913. Geology and ore deposits of the San Francisco
and adjacent districts, Utah: U.S. Geol. Survey Prof. Paper
80, p. 212.

-103-




Butler, B.S., 1913. Geology and ore deposits of the San Francisco
and adjacent districts, Utah: U.S. Geol. Survey Prof. Paper
111, p. 672.

Cadigan, R.A. and Felmlee, J.K., 1977. Radiocactive springs
geochemical data related to uranium exploration. J. Geochem
Expl. 8, 381-395,.

Cannon, H.E., Harmé, T.F. and Hamilton, J.C., 1975. Lithium in
unconsolidated sediments and plants of the Basin and Range
Province, southern California and Nevada. U.S. Geol. Surv.
Prof. Pap. 918, 23 p.

Capuano, R.M., and Bamford, R.W., Initial investigation of soil
mercury geochemistry as an aid to drill site selection in
geothermal systems: ID0/78-120/.6.3.3, ESL-13, p. 32.

Carter, J.A. and Cook, K.L., 1978. Regional gravity and
aeromagnetic surveys of the Mineral Mountains and vicinity,
Millard and Beaver Counties, Utah: UURI Final Vol. 77-11,
p. 178.

Christensen, F.W., 1951. A summary of the structure and
stratigraphy of the Canyon Range: Int. Assn. of Pet. Geol.,
Guidebook 6, p. 5-18.

Cohenour, R.E., 1963. The beryllium of western Utah, in
"Beryllium and uranium mineralization in western Juab County,
Utah": Utah Geol. Soc. Guidebook to the Geology of Utah, no.
17, p. 4-7.

Connor, J.J. and Shacklette, H.T., 1975. Background
concentrations of some soils, plants and vegetables in the

conterminous United States. U.S. Geol. Survey Prof. Pap.
574-F, 164 p.

Cooley, W.W. and Lohner, P.R. (1962); Multivariate procedures for
the Behavioral Sciences: John Willy and Sons, New York, 21lp.

Crawford, A.L. and Buranek, A.M., 1957. Tungsten deposits of the

Mineral Range, Beaver County, Utah: Utah Geol. and Mineral
Survey Rep. no. 56, p. 48.

-104-




Crebs, T.J., and Cook, K.L., 1976. Gravity and ground magnetic
surveys of the Central Mineral Mountains, Utah: NSF Final
Report, Grant GI 43741, v. 6, 129 p.

Davis, J.J., 1963. Cesium and its relationship to potassium in
ecology: Radioecology (Schultz and Kelment, eds.) New York:
Reinholt Publ. Corp. 1963.

Eardley, A.J., 1968. Major structures of the Rocky Mountains of
Colorado and Utah: Missouri Univ. of Rolla, Jour. no. 1,
p. 79-99.

Eardley, A.J., 1969. Charting the Laramide structures of western
Utah in "Guidebook of northern Utah": Utah Geol. and Min.
Survey Bull. 82, p. 51-70.

Ear11, F.N., 1957. Geology of the Central Mineral Range, Beaver
County, Utah: Univ. Utah, unpub. Ph.D. thesis, 112 p.

East; E.H., 1966. Structure and stratigraphy of San Francisco
Mountains, western Utah: AAPG Bull. v. 50, p. 901-920.

E1lis, A.J., and Mahon, W.A.J., 1964. Natural hydrothermal
systems and experimental hot-water/rock interactions: Geochim.
Cosmochim. Acta, 28, 1323-1358. )

ET1is, A.Jd., 1979. Explored geothermal systems: in Geochemistry
of Hydrothermal Ore Deposits. Barnes, H.L., ed. John Wiley
and Sons., New York.

Erickson, M.P., 1973. Volcanic rocks of the Milford area, Beaver
County, Utah: Utah Geological Association Publ. 3, p. 901-920.

Evans, S.H. Jr., and Nash, W.P., 1978. Quaternary rhyolite from
the Mineral Mountains, Utah, U.S.A.: UURI Final Vol. 77-10,
59 p.

Ewers, G.R. and Keays, R.R., 1977. Volatile and precious metal
zoning in the Broadlands Geothermal Field, New Zealand: Econ.

Geol., v. 72, p. 1337-1354,.

Fleming, R.W. and Alexander, M., 1972. Appl. Microbiol. 24:
424-429,

-105-




Foster, N.D., 1960. Interpretation of the composition of
Li-micas: U.S. Geol. Survey Prof. Pap. 354E, 115-147.

Gertson, R.C. and Smith, R.B., 1979. Interpretation of a seismic
refraction profile across the Roosevelt Hot Springs, Utah and
vicinity. 1ID0/78-1701 a. 3, 109 p. of Geol. and Geophys., IDO
78-1701.

Glenn, W.E. and Julen, J.B., 1979. Interpretation of well log
data from four drill holes at Roosevelt Hot Springs KGRA:
(DOE/ET/28392-27, ESL-28), 74 p.

Golding, R.M. and Speer, M.G., 1965. Alkali ion analysis of
thermal waters in New Zealand. N.Z. Jour. of Sci., 4, 203-213.

Goldschmidt, V.M., 1954, Geochemistry. Oxford University Press,
1954,

Helgeson, H.C., 1968. Geologic and thermodynamic characteristics
of the Salton Sea geothermal system. Am. J. Sci. 266, 129-166.

Hilpert, L.S. and Roberts, R.J., 1964. Geology - Economic
Geology, in U.S. Geologic Survey, Mineral and Water Resources
of Utah: U.S. 88th Cong., 2nd Sess., p. 28-38.

Hinkle, M.E. and Harms, T.F., 1978. C52 and COS in soil gases
of the Roosevelt Hot Springs Known Geothermal Resource Area,
Beaver County, Utah: Jour. Research U.S. Geol. Survey, v. 6,
no. 5, p. 571-578.

Hintze, L.F., 1973. Geologic history of Utah: Brigham Young Univ.
Geology Studies, v. 20, pt. 3, p. 181.

Hulen, J.B., 1978. Stratigraphy and alteration, 15 shallow
thermal gradient holes, Roosevelt Hot Springs KRGA and
Vicinity: IDO 178-1701.6.b.1.1.1, 14 p.

Joreskog, K.G., Klovan, J.E., and Teyment, R.A., (1976);
Geological Factor Analysis: Elsevier Publishing Company, New
York, 178 p.

Julian, B., 1970. Variations in upper mantle structures beneath

North America (Ph.D. thesis): Pasadena, California Institute
of Technology, 208 p.

-106-




Kel]er; G.R., Smith, R.B., and Braile, L.W., 1975. Crustal
structure along the Great Basin - Colorado Plateau transition
from seismic refraction studies: Jour. Geophys. Res., v. 80,
no. 8, p. 1093-1098.

Klusman, R.W., Cowling, S., Culvey, B., Roberts, C., and Schwab,
A.P., 1977. Preliminary evaluation of secondary controls on
mercury in soils of geothermal districts: Geothermics, v. 6,
no. 1/2, p. 1-8.

Klusman, R.W., and Landress, R.A., 1979. Mercury in soils of the
Long Valley, California, geothermal system: J. Volc. Geothern.
Res., v. 5, p. 49-65,

Landstrom, 0., Wenner, C.G., 1965. Neutron activation analysis of
natural water applied to hydrogeology. Aktiebolaget
- Atomenergi, AE-204.

Lee, W.T., 1908. - Water resources of Beaver Valley, Utah: U.S.
Geol. Survey, Water-Supply Paper 217, p. 56.

Lenzer, R.C., A.W. Crosky and C.W. Berge, 1977. Recent
developments at the Roosevelt Hot Springs KGRA: ANS Topical
Meeting, April 1977: US DOE Tech. Info. Cen. Conf. 770440.

Liese, H.C., 1957. Geology of the northern Mineral Range, Millard
and Beaver Counties, Utah: Univ. of Utah, unpub. M.S. thesis,
88 p.

Lindsey, D.A., Ganow, H., and Mountjoy, W., 1973. Hydrothermal
alteration associated with berylijum deposits at Spor
Mountain, Utah: U.S. Geol. Survey Prof. Paper 818-A, p. 20.

Lindsey, D.A., Naeser, C.W., and Shawe, D.R., 1975. Age of
volcanism, intrusion, and mineralization in the Thomas Range,
Keg Mountain, and Desert Mountain, western Utah: U.S. Geol.
Survey Jour. Research, v. 3, no. 5, p. 597-604.

Lipman, P.W., Rowley, P.D., Mehnert, H.H., Evans, S.H., Nash, W.P.
and Brown, F.H., 1978. Pleistocene rhyolite of the Mineral
Mountains, Utah-deothermal and archeological significance:
Jour. Research U.S. Geol. Survey, v. 6, no. 1, p. 133-147.

-107-




Livingstone, D.A., 1963. Chemical composition of rivers and
lakes. U.S.G.S. Prof. Pap. 440-9, 1-64.

Mattick, J.S. III, Buseck, P.R., 1976. Exploration for geothermal
areas using mercury: a new geochemical technique, in
Proceedings Second U.N. Symposium on Development and Use of
Geothermal Resources: Lawrence Berkeley Laboratory.

McCammon, R.B., ed., (1975); Concepts in Geostatistics:
Springer-Verlag, New York, 168 p.

Mower, R.W. and R.M. Cordova, 1973. Ground-water in the Milford
area, Utah: Utah Geol. Assn. Pub. 3, p. 63-71.

Mower, R.W. and R.M. Cordova, 1974. Water resources of the
Milford area, Utah, with emphasis on ground water: Utah Dept.
Nat. Res. Tech. Pub. 43, 106 p.

Mundorff, J.C., 1970. Major thermal springs of Utah: Utah Geol.
and Min. Survey, Water Resources Bull. 13, 60 p.

Nie, N.H., Hull, C.H., Jenkins, J.G., Steinbrenaer, K., Bent, D.H.
(1975). SPSS Statistical Package for the Social Sciences, 2nd
edition: McGraw Hill, N.Y., 675 p.

Nielson, D.L., Radon emanometry as a geothermal exploration
technique; theory and an example from Roosevelt Hot Springs
'KGRA, Utah. 1D0/78-1701.6.1.12, ESC-14, 31 p.

Nielson, D.L., Sibbett, B.S., McKinney, D.B., Hulen, J.B., Moore,
J.N. and Samberg, S.M., 1978. Geology of Roosevelt Hot
Springs KGRA, Earth Science Laboratory, Univ. of Utah Research
Institute, Salt Lake City, Utah.

Nolan, T.B., 1943. The Basin and Range province in Utah, Nevada
and California: U.S. Geol. Survey Prof. Paper 197-D, p.
141-196.

Parry, W.T., Ward, S.H., Nash, W.P. and others, 1977. Part I -

Geology and geochemistry of the Roosevelt Hot Springs - A
Summary: UURI Final vol. 77-2, 19 p.

-108-




Parry, W.T., Bryant N.L., Dedolph, R.E., Ballantyne, J.M.,
Ballantyne, G.H., Rohrs, D.T. and Mason, J.L., 1978.
Hydrothermal alteration at the Roosevelt Hot Springs thermal
area, Utah. IDO 78-1701.a.11, p. 29.

Pentcheva, E., 1965. The distribution of rare and disposed
elements in Bulgarian saline underground waters. Compt. Rend.
Acad. Bulgare Sci. 18 (2), 149-151.

Petersen, C.A., 1974, Geology of the Roosevelt Hot Springs Area,
Beaver County, Utah: Utah Geology, v. 2, no. 2, 9. 109-116.

Phelps, P.W., and Buseck, P.R., 1978. Mercury in soils as an
indicator of geothermal activity. 71st Int. Expl.'Geochem.
Symposium. 1978, 153-160.

Prodehl, C., 1970. Seismic refraction study of crustal structure
in the western United States: Geol. Soc. Amer. Bull., v. 81,
p. 2629-2646.

Ritchie, J.A., 1961. Arsenic and Antimony in some New Zealand
thermal waters. New Zealand J. Sci. 4, 218.

Rowley, P.D., Lipman, P.W., Mehnert, H.H., Lindsey, D.A. and
Anderson, J.J., 1978. Blue Ribbon lineament, an east-trending
structural zone within the Pioche mineral belt of southwestern
Utah and eastern Nevada: Jour. Research U.S. Geol. Survey, v.
6, no. 2, p. 175-192.

Rowley, P.D., Anderson, J.J., Williams, P.L., and Fleck, R.J.,
1977. Age of structural differentiation between the Colorado
Plateaus and Basin and Range provinces in southwestern Utah:
Geology. )

Roberts, R.J., 1964. Economic geology, in "Mineral and water
resources of Nevada": U.S. 88th Congress, 2nd session, Senate
Doc. 87, p. 73-74.

Rohrs, D.T. and J.R. Bowman, 1980. A 1ight stable isotope study
of the Roosevelt Hot Springs thermal area, southwest of Utah:

IDO/DOE/ET/28392-46 78-1701.a.1.5, 89 p.

Rose, A.W., Hawkes, H.E. and Webb, J.S., 1979. Geochemistry in
mineral exploration. Academic Press. London, 657 p.

-109-




Roy, R.F., Decker, E.R., Blackwell, D.D. and Birch, R. Heat flow
in the United States: Jour. Geophys. Res., v. 73, p. 5207-5221.

Roy, R.F., Blackwell, D.D. and Decker, E.R., 1971. Continental
heat flow, in "Symposium on the nature of the solid earth,
McGraw Hill.

Ryall, A. and Stuart, D.J., 1963. Travel times and amplitudes
from nuclear explosions, Nevada test site to Ordway, Colorado:
Jour. Geophys. Res., v. 68, p. 5821-5835,

Sbar, M.L., Barazangi, M., Dorman, J., Scholz, C.H. and Smith,
R.B., 1972. Tectonics of the Intermountain Seismic Belt,
Western United States: Microearthquake seismicity and
composite fault plane solutions. Geol. Soc. of Amer. Bull.,
v. 83, p. 13-28.

Shawe, D.R. and Stewart, J.H. 1976. Ore deposits as related to
tectonics and magmatism, Nevada and Utah: Am. Inst. Min., Met.
and Petr. Engl. Trans., v. 260, p. 225-232.

Sibbett, B.S. and Nielson, D.L., 1980. Geology of the Central
Mineral Mountains, Beaver County, Utah, Univ. of Utah Research
Institute Rept.: DOE/ET/28392-40, ESL-33, 42 p.

Si1l, W.R. and Bodell, J., 1977. Thermal Gradients and Heat Flow
at Roosevelt Hot Springs: UURI Test. Rep. vol. 77-3, 46 p.

Smith, S., 1980. A model study of the regional hydrologeologic
regime, Roosevelt Hot Springs, Utah: IDO/DOE/ET/28392-44.

Smith, R.B. and Sbar, M., 1974. Contemporary tectonics and
seismicity of the Western United States with emphasis on the
Intermountain Seismic Belt: Geol. Soc. Amer. Bull. v. 85, p.
1205-1218.

Sreekumaran, C., Pillai, K.C. and Folsom, T.R., 1968. The
concentrations of Tithium, potassium, rubidium and cesium in
some western American rivers and marine sediments: Geocchim.
Cosmochim. Acta, 26, 685-722.

Stewart, J.H., Moore, W.J. and Zeitz, I., 1977. East-west
patterns of Cenozoic igneous rocks, aeromagnetic anomalies,
and mineral deposits, Nevada and Utah: Geol. Soc. Amer. Bull.
v. 88, no. 1, p. 67-77.

-110-




C

<

Stokes, W.L., 1973. Stratigraphic problems of the Triassic and
Jurassic sedimentary rocks of Central Utah: Utah Geol. Assn.
Pub. 3, p. 21-38.

Shuey, R.T., Schellinger, D.K., Johnson, E.G. and Alley, L.B.,
1973. Aeromagnetics and the transition between the Colorado
Plateau and Basin and Range provinces: Geology, v. 1, p.
107-110.

Thompson, I. and Read, D., 1978.

Tripp, A.C., Ward, S.H., Sill, W.R., Swift, C.M., Jr. and Petrick,
W.R., 1978. Electromagnetic and Schlumberger resistivity
sounding in the Roosevelt Hot Springs KGRA: Geophysics, v. 43,
no. 7, p. 1515-1542,

U.S.G.S. Utah Geological Mining Survey, 1964.

Van Alstine, R.E., 1976. Continental rifts and lineaments
associated with major fluorspar districts: Econ. Geol., v. 71,
no. 6, p. 977-987,

Walker, G.W., and Osterwald, F.W., 1963. Introduction to the
geology of ufanium-bearing veins in the conterminous United
States, incluyding sections on geographic distribution and
classification of veins: U.S. Geol. Survey Prof. Paper 455-A,
p. Al-A28.

Ward, S.H., Parry, W.T., Nash, W.P., Sill, W.R., Cook, K.L.,
Smith, R.B., Chapman, D.S., Brown, F.H., Whelan, J.A. and
Bowman, J.R., 1978. A summary of the geology, geochemistry
and geophysics of the Roosevelt Hot Springs thermal area,
Utah: Geophysics v. 43, no. 7, p. 1515-1542.

Ward, S.H., and Si1l1, W.R., November, 1976. Dipole-dipole
resistivity surveys, Roosevelt Hot Springs KGRA: UURI Final
vol. 2, 29 p.

Wedepohl, K.H., 1972. Handbook of Geochemistry. Springer-Verlag,
Berlin.

Weissberg, B.G., Browne, P.R.L., and Seward, T.M.,, 1979. Ore
metals in active geothermal systems: in Geochemistry of
Hydrothermal Ore Deposits. Barnes, H.L., ed. John Wiley and
Sons, New York.

-111-




Welsh, J.E., 1973. Geology of the Beaver Lake Mountains, Beaver
County, Utah. Utah Geol. Assn. Pub. 3, p. 49-53.

Welsh, J.E., 1973. Paleozoic and Mesozoic stratigraphy of the
Milford area, Beaver County, Utah. Utah Geol. Assn. pub. 3, p.
12.

Whelan, J.A., 1973. Geology of the Rocky Range., Beaver County,
Utah. Utah Geol. Assn. pub. 3, p. 55-56.

White, D.E., 1965. Saline waters of sedimentary rocks. Am.
Assoc. Pet. Geol., Mem 4. (Young and Galley, eds.)

White, D.E., 1967. Mercury and base-metal deposits with
associated thermal and mineral waters: in Geochemistry of
Hydrothermal Ore Deposits, H.L. Barnes, ed., lst Ed., New
York, Holt, Rhinehart and Winston, p. 575-631.

White, D.E., 1970. Geochemistry applied to the discovery,
evaluation and exploitation of geothermal energy resources.
Geothermics: Special Issue No. 2. U.N. Symposium on the
Development and Utilization of Geothermal Resources, v. sec. 5.

Wilson, W.R. and Chapman, D.S., 1980. Thermal Studies at
Roosevelt Hot Springs, Utah: DOE/ID/12079-19, 102 p.

Woodward, L.A., 1973. Upper Precambrian stratigraphy of Central
Utah: Utah Geol. Assn. pub. 3.

Woodward, L.A., July, 1968. Lower Cambrian and Upper Precambrian
strata of Beaver Mountains, Utah. AAPG Bull., v. 52, no. 7,
p. 1279-1290.

Woodward, L.A., 1970. Tectonic implications of structures of
Beaver and northern San Francisco Mountains, Utah: Geol. Soc.

Amer. Bull., v. 81, p. 1577-1584.

Zietz, 1., Shuey, R.T. and Kirby, J.R., dr., 1976. Aeromagnetic
maps of Utah: U.S. Geol. Surv. Geophys. Invest. Map GP-907.

-112-




RIOW RIW nzes2'3o"
T
([@s] Landslide
Opaline and chalcedonic sinter
$ilica-cemented alluvium
Hematite-cenented a)Tuvium
x Magnanese oxide-cemented a)luvium
E Alluvium
W -‘Qé Basalt
% Lave flows and spatter cones.
23
S| qre Rhyalite Domes )
Glassy, 1-9% phenocrysts, perlite and pumice
mantles.,
Gra Pyroclastics
Air fall and non-+elded ashflow tuff. white to
1ight tam, Heakly consolidated.
\ Rhyclite Flow
Non-porphyritic glassy, gray, flow-banded lava
and obsidian. Perlitic rubble oa flow taps.
(e Lava Flows
Pink to tan, sparsely porphyritic felsite with
flow structure.
Tpr Porphyritic Rhyolite Dikes
Resistant, brown to pink dikes containing 20%
2 .m phenocryst in a granophyric matriz.
Rhyotite Dikes
Aphanitic, gray rhyolite dikes with approximately
2% k-feldspar phenocrysts and minor biotite.
Gften silicified and typically strongly jointed.
Diabase Dikes
Aphanitic, light brown ur Vight gray green, with
2 2% plagioclase phemocrysts. Typically strongly
A Ay Jointed.
HHPEECe eass Tod Microdiorite Dikes
'@'& - Dark yreen, dark yray, or black fine-graised
= ﬁ‘ dikes, plagioclase phenocrysts often present.
Tyr Granite Dikes
Fing-grained phaneritic, resistant, dark
brown, closely joined outcrops, forming
Blocky to rounded talus. Joints are “ypically
Timonite-stained, Unlabeled dikes are Tyr,
jo :
(79 Granite
{ ; Coarse- Lo aediun-grained, leucocratic with
T é‘ ~ L — A g S large quartz yrains, Forms massive rounded
{ - - > < outcrops, weathers to grus.
; J 2
! ~
’ x -T; Syenite
': Medium-grained, xenomorphic, with 1 te 3% sphene.
forms white or very light brown stained, massive,
rounded outcrops, weathers 0 grus.
Thg Biotite Granite
Cuarse- to medium-grained, forms massive,
rounded outcrops and veathers te grus.
Porphyritic in HK contact zone.
Porphyritic Quartz Monzonite
Medium-yrained, biotite-rich with 1 cm feld-
spar phenccrysts. Forms resistant, massive
outcrops.
Tqm Quartz Monzonite
Coarse-ygrained, massive, rounded, Tight brown
outcrops. Flow foliation and mafic xenoliths
typical in the contact zone. Forms some talus
in the contact zone, but weathers to grus in
the interior of the pluton,
Tdb Diorite Breccia
fine- to med{um-grained intrusive breccia with
abundant biotite and hernblende, Fforms dark
colored outcrops or weathers to fine, brown soil.
it
Fine- to medium-grained biotite and hornblende
diortte, Forms dark gray outcrops.
L Ty -~ Purphyritic Adesite Flow
Greenish yray to brown; propylitized; 2 mm
plagioctase Taths.
(] Hornblende Srancdiorite
Medium-grained, weakly folisted in sume outcrops.
Forms grus-covered slopes.
Biotite Sranudiorite
Highly variable biotite and biotite-hernblende
granodiorite, Typically massive to weakly
foliated, dark colored, sphene-rich and fine-to
nedium-grained. Non-resistent, forming dark
aicaceous soil.
2 Harnbende Gneiss
3 Medium-grained gneissic hornblende quartz
N monzonyte, Furms resistant outcrops.
W
g\ [aezy Quartz:te
3 (e White, yellow t0 red, massive, nediume to fine=
iy grained quartzite, Small scale cross bedding in
Q some outcrops.
]
ph phyllite
Dark srown to red, thinly bedded aryillite.
do Dolum'ze and Linestone
Light to dark gray, massive to thick bedded.
m Dolomrtic Marple
white or yellow to wed‘um yray, friable.

Marble
Light- to medium-gray, yenerally ~iassive,

Aedwall Linestone
Light- to med um-gray dolamite {Mrd) and ’imestone
(Mris), wassive tp thick bedded with a fow pink to
tan argileceous zones.

&

Marble
Light- to medium-gray marb’e, undifferentiated
Cambrian carbonate rocks.

-
3

ENENENTEE

Sitlimanite Scnist

Dark gray %0 green, fine-grained, fine'y lamineed
| schist containing abundant biotite, fibrolitic
| sillimanite, and minor garnet perphyroblasts.

’Eq Quartzite
White, bedded netaquartzite containing minoe
biotite and feldspar.

PRECAMBRIAN

Gray to white, conspicucusly Tayered diotite
yneiss, schist and migmatite, High'y variatle in
compusition, Well developed isocliral and
prygnatic foiding.

e ,“mi.geéiﬁu;ou . ) X ;, 3 & : N LEZ25J1 K RN "'\'i 3 4 A L Banded Gneiss

=N

P Contact, dashed where approximate.
o ] Fault, intruded 5y microdiorite dixe.

D=, Fault, dashed where inferred, dotted where covered.
Breccia zones shown where magpable.

—— Fault, mapped from Yinears on aerial photos, may have
some topographic relief,
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APPENDIX A

COMPARATIVE STATISTICS, SOIL AND
SURTRACE RESULTS - PHASE II SAMPLING




-

SURTRACE

SOILS

SURTRACE

VARIAELE

AL
FE
CA
MG
TI
MN
NA
'\

F'

VARIARBRLE

AL
FE
CA
MG
TI
MN
NA
K

F

VARIARLE
AL
FE
CA
MG
TI
MN
NA
K
F

VARIAEBLE

AL

FE

CA

MG

TI

MN
NA
K
F-

SOILS

FIRST PASS STATISTICS

MEAN
+114E402
<438E+01
.247E+01
«166E+01
«727E+00
«111E400
.221E+01
 274E+01
. 258E400

MEAN
+114E4+02
+449E401
+318E+01
+1568E401
e 720E+00
+ ?95E-01
+199E401
«266E4+01
+229E+00

sn
+112E401
+ 797E400
+1092E+01
+422E4+00
«144E400
+210E-01
«411E+00
+«240E+00
+836E-01

Sh
+140E401
«$72E+00
1 276E1+01
+474E4+00
+172E+00
+233E-01
+A55E+00
+313E4+00
+865E-01

MIN
+801E+01
«231E401
+153E4+01
+864E+00
+373E+00
«484E-01
+121E401
+202E401
+110E+00

MIN

+ 724E401

s 222E401
+114E+01
« 568E+H00
+388E4+00
+388E-01
+106E401
+173E4+01
+200E-01

SECOND PASS STATISTICS

MEAN
+114E402
+438E+01
+245E401

+186E+01

« 727E4+00
+111E+00
+221E401
+274E401
«257E4+00

MEAN

+114E402
. 449E+01
.314E+01
+167E401
. 718E+00
. 995E-01
«199E401
.266E+01
. 227E400

Sh
+112E4+01
«797E+00
+101E+01
+405E400
«144E400
.210E-01
+404E400
. 240E+00
. 799E-01

Sh
+140E4+01
+972E+00
« 258E+01
+441E4+00
+16SE+00
+233E-01
+450E+00
«318E+00
«816E-01

MIN
+801E+01
«251E+01
+1533E+01
«864E1+00
«373E+00
+484E-01
+121E+01
+202E4+01
+110E4+00

MIN
+ 724E401
« 222401
«114E4+01
+668E+00
«388E+00
+386E-01
+106E+01
«173E401
+200E-01

MAX
+142E4+02
+667E+401
+650E4+01
+325E+01
«111E401
+156E4+00
+350E+01
+343E101
«980E4+00

MAX
+149E402
« 734E4+01
+145E402
+ 371E4+01
+136E+401
+144E4+00
+345E+01
+315E4+01
+380E+00

MAX
+142E402
+H6PE+01
+S73E+01
+293E401
+111E401
«156E+00
+344E401
+343E+401
+S09E+00

MAX
+14%2E402
+734E401
«115E402
«311E+401
+124E+01
+144E4+00
«335E401
+315E401
+488E+00

RANGE
.630E401
+418E+01
+497E+01
«239E+01
«737E4+00
+110E+00
+239E+01
+145E+01
+470E+00

RANGE

+793E401
+512E401
«135E+02
«304E4+01
«P72E400
+105E4+00
+239E4+01
+142E401
+4920E+00

RANGE

+630E401
+418E+01
+420E401
+207E401
+737E400
+110E400
«223E401
+145E401
+3992E4+00

RANGE

+793E4+01
«S512E401
+103E+02
«244E4+01
«847E4+00
+103SE+00
+229E4+01
+142E+01
+398E+00




-

SURTRACE

SOILS

SURTRACE

SOILS

VARIAELE

AS
SE
LI
RE
CS
SH
HG
v

ZN

VARIAELE

AS
SE
LI
RE
Cs
SR
HG
v

ZN

VARIARLE

AS
SE
LI
RE
Cs
SE
HG
v

ZN

VARIABLE

AS
SE
LI
RE
Cs
SH
HG
%

ZN

FIRST PASS STATISTICS

MEAN
<A15E+01
«717E-01
C296E+02
«P47E+02
+SS52E+01
«185E+00
+308E+02
.710E402
. 855E+02

MEAN
«384E+01
+?80E-01
«3086E402
¢ P45E402
«S06E+01
. 340E400
«352E+402
«7X8E+102
+851E402

sSh
+194E+401
+174E-01
+S581E4+01
+159E4+02
+A439E4+01
+104E+00
+119E4+02
+142E4+02
+174E4Q02

SI
+112E+01
«38SE-01
+853E401
.190E+02
«173E+01
+914E-01
VA65E402
< 150E+02
L 198E+02

MIN
+ 220E401
+400E-01
«190E4+02
+600E4+02
+400E+01
+100E+00
+ 700E+01
«359E+02
+420E402

MIN
+ 220E401
+S00E-01
«150E+02
¢+ S10E+02
+200E4+01
+«100E+00
+400E4+01
+A479E402
+350E+02

SECOND PASS STATISTICS

MEAN
«403E401
«713E-01
«295E402
«947E4+02
«S521E+01
«179E400
«306E+02

. 708E4+02

+855E4+02

MEAN
«385E401
+P63E-01
+303E+02
+P45E402
+O01E+401
+239E+400
« 324E4+02
+736E402
«BI1E+02

sn
+114E+01
+156E—-01
+912E+01
«152E402
+200E+01
+652E-01
e117E402
«1392E402
«174E+02

sn
+109E+01
«299E-01
s 729E4+01
+190E+02
«133E+01
«869E-01
+285E4+02
«151E+02
+198E4+02

MIN
«220E+01
+400E—-01
+190E402
. 600E+02
. 400E+01
«100E+00

+700E401

+357E4+02
+420E+02

MIN
+220E401
+S00E-01
+150E4+02
+S10E+02
«200E401
«100E+00
+400E+4+01
+479E+02
+3S0E+02

MAX
+182E4+02
+140E+00
+380E+02
+135E+4+03
+400E4+02
+«220E400
«710E+02
+121E4+03
+120E4+03

MAX
+« 780E+01
+330E+00
«&670E4+02
+138E403
+ 130402
+&00E+00
+ 368E4+03
+1392E4+03
+141E4+03

MAX
+ 994E4+01
+124E4+00
+A471E402
+ 136E+03
+187E+02
«498E+00
+ 664402
+114E+03
+120E4+03

MAX
s722E401
+214E4+00
S562E+02
.138E4+03
+102E402
+.514E400
+175E403
«122E403
.141E403

RANGE

+160E+02
+100E+00
«390E+02
«760E402
. 360E+02
«820E+00
+6A40E+02
.851E+02
. 780E+02

RANGE

+I60E+01
+280E4+00
+520E+02
«870E102
+110E£+02
«J00E+00
« 354E+03
+211E+02
«106E4+03

RANGE
+776E4+01
+838E-01
. 2B1E402
. 760E402
. 147E402
«398E+00
«594E+402
L 777E402
. 7B0E+02

RANGE

+902E+401
+164E+00
+412E402
+870E+02
«825E4+01
+414E+00
+171E403
«740E+02
«106E+03




-

SURTRACE

VARIARBLE
RE
CR
co
Ccu
FL
NI
SK
TH
ZR

VARIAELE

SOILS

SURTRACE

SOILS

EE
CR
co
Ccu
FE
NI
SR
TH
ZR

VARIAELE
RE
CR
co
cu
FE
NI
SK
TH
ZK

VARIARLE
BE
CR
co
cu
FE
NI
Sk
TH
ZK

FIRST PASS STATISTICS

MEAN

+228E+01
e 260E1+02
«164E+02

. 186E+02

+246E4+02
+204E402
+ 2446E4+03
+338E402
+774E1+02

MEAN

+231E+01
+ 2892E4+02
+6756E401
+184E4+02
+151E4+02
+208E+02
+241E+03
+ 3SHET02
+ 708E4+02

s

+S62E4+00

+D24E+01
+D35E1+01
«434E+401
+&07E+01
+A426E+01
+341E4+02
+1086E402
e ?33E401

sh
+603E4+00
+S87E4+01
+347E401
+451E+01
+O69PE+01
+611E4+01

+401E4+02
+190E402
+101E+02

MIN
«140E+01
+117E+02
+S00E+01
+123E+02
+100E+402
«120E+02
+207E4+03
«180E+02
+APAE+02

MIN
+120E+01
+113E+02
«300E+01
+820E401
+500E+01
+110E4+02
+185E403
+160E4+02
+420E+02

SECOND PASS STATISTICS

MEAN

.228E+01
.260E+02
+164E+402
. 185E+402
«245E402
<204E+02

+246E4+03

e 336E+02

«774E402

MEAN

«231E401
< 289E402
 673E401
. 184E402

w1G51E402

V207E4+02
+241E+03
+349E4+02
«708E402

S
+360E+00
+499E4+01
+035E+01
+ 394E4+01
«S29E401
+408E+01

+ 336E+02.

+9287E4+01
e 933E+01

Sk
+ 603E+00
. S83E+01
. 339E+01
. 442E+01
.555E+01
.574E+01
. 388E+402
+160E+02
«101E+02

MIN
+140E+01
<117E+02
+500E+01
+123E+02
«100E+02
+120E+02

+ 207E4+03
+180E402
+ 494E402

MIN
«120E+01
+114E+02
. 300E+01
.890E+01
+S00E+01
+110E+402
«185E+03
+160E+402
+420E+02

MAX
+400E+01
+464E+402
«270E402
+ 384E+02
+SS0E+02
+ 350E4+02
« 356E+03
+ 770E402
+FSH50E+02

MAX
. 400E+01
+474E+02
+190E+02
. 338E+02
. 350E+402
+460E+02
. 387E+03
+138E+03
«950E+02

MAX
+ 396E4+01
+418E+02
«270E402
+ 316E4+02
«428E4+02
e 332E402
+3492E403
«S558E4+02
e 260E+02

MAX
+400E+01
+465E402
«172E402
«312E4+02
« 322E402
+321E402

+ 362E+03
e F26E402
«950E+02

RANGE

+260E401
+347E+02
+220E+02
+261E+02
+450E4+02
+240E4+02
+149E403
e IP0E+02
+470E+02

RANGE

+280E+01
+382E+4+02
+160E402
e 249E402
« 300E+02
+ 350E+02

«202E402
+122E4+03
«S30E402

RANGE

« 256E401
+301E+02
+220E+02
+193E402
+328E+02
«212E402
+142E+03
+478E402
+A470E+02

RANGE

. 280E4+01
«373E4+02
«142E402
«230E+02
«272E4+02
«28B1E+02
+177E+03

e 766E102
«S30E+02




el
O
E‘
2]
ool
wn

SOILS

SURTRACE

SOILS

VARIARLE
F'_
NO3-
504=
CL-

VARIAEBLE
F_
NO3—-
S04=
CL-

VARIABRLE
F—
NO3~-
S0a=
ClL-

VARIAELE
F._
NO3-
S04=

CL-

FIRST PASS STATISTICS

MEAN
«287E+01
+443E+02
+462E+02
+3836E+02

MEAN

«290E+01
.198E402
«394E401
+804E+01

sh
«115E+401
+454E402
+779E4+02
« 145E+02

s
+183E+01
+342E4+02
+312E401
+374E4+02

MIN
+120E+01
+950E+01
+102E402
+106E402

MIN
+« 700E+00
+900E+00
+200E4+00
+ 200E+00

SECOND PASS STATISTICS

MEAN
+285E+01
+440E402
+406E402
«384E+02

MEAN

« 287E401
«160E+02
+390E+01
«330E+01

Sk
+108E+01
«443E+402
.328E+02
V145E4+02

Sh
+173E401
«247E402
« 306E+01
+145E4+02

MIN
« 120E+01
+3S0E401
«102E+02
+ 106E4+02

MIN
+ 700E4+00
«J00E+00
+ 200E400
+ 200E400

MAX
s 760E1+01
«204E4+03
+668E4H03
+803E+02

MAX
+103E4+02
+449E4+03
+147E4+02
+313E4+03

MAX
+B32E401
181E403
+280E+03
«805E4+02

MAX
+838E4+01
+182E403
+135E402
+120E403

RANGE

+640E401
+198E+03
+658E+03
W 699E402

RANGE

+260E401
+448E+03
«145E402
+313E4+03

RANGE

+512E401
«175E403
+270E+03
s HFPEH02

RANGE

+ 768E4+01
«182E+03
«133E4+02
+120E+03




APPENDIX B

TRAVERSE PROFILES -
PHASE II SAMPLING
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Irr III II1 I Ir IIII 9Tv
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D IIITI III 1 III I . III  £1%
IIIII I 1111 III - i8¢ 11 Cte
IIIITI. 11X Irz IIr Ir IIr Iiv
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IIIII 1 11z IILIIII I III 50v
; III II III ITIIX I III  vov
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fITTrrrer 11 I 1 II IIII_ [0v
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IIII I TIIIIIII i TIIJIIIT 11 vic
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IIIL 1 ITI1 11 I fIr cic o &
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TITIITIIY IITIIE I1I (38 1I [IIT  oIC
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II1r II III 111 I IIIIIII ZOC
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II1I IIIL [ 111 I [ITIIII vOZ
II r I III II [LII  €0C
1 I0II1 I Iz TIIII TIITIIIII ZOZ
111 LI 11 IIILL IXITIL IIIINILII 10=
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[1I1 I (11 AH: < II ITT o2 z *
111 r TI1 Irt IIT A:: STT
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[IIr Ir [II II1 ¢ [r1rr o1r
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1t I [ITIIIIT [ [ S S UAVE ¢
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APPENDIX C

CORRELATION MATRIX




1FACTOR ANALYSIS OF

(

FILE

CORRELATION COEFFICIENTS..

AS
SE
LI
RB
Sk
HG
SR
TH

NOJ
S04
CL

co
cu
PE
NI
N
BE
ZR

EA

AL
FE
ca
MG
TI
MN
NA

SI

ROOSEVEL (CREATION DATE =

AS

1

«00000
35450
.21825
. 03641
12295
18993
+30643
.08911
«31585
«11669
« 27953
.11827
. 28857
«04746
«00913
«14081
+ 07690
.04893
«14004
14862
»153643
.08477
«13791
.10303
. 20757
.00847
« 33449
. 27393
. 05164
14980
« 29336
«144649
«13679
.31372

SE

1

. 35450
.00000
+18404
.07367
13852
.07741
.13436
03025
09905
.11062
.12262
.09293
16578
08189
.03085
<16135
.07379
08093
.12693
.01072
.07478
.16868
. 00535
.10684
.10163
10689
.24006
.23578
. 16344
.13999
25961
.04022
02567
.21153

[OE SURTRACE DATA

09/03/80.)

LI

.2182%
18404
1.00000
« 62579
-.11894
-+04903
« 16919
«07123
«31141
« 07529
»12208
«13157
07848
+01092
17837
«31199
«29110
«02013
24393
. 28835
-.10250
-.06727
« 04363
10402
11799
.03833
. 34556
« 35036
—.04324
« 34672
-.01767
« 21860
«22394
-.42981

SFRINGS GEOTHERMAL AREASUTAH

RE

.03641
.07367
.62579
1.00000
-.08751
.02556
-.07972
.16706
.25519
-.06845
~.0155
.02255
-.09013
-.00442
.04427
.18475
31816
-.01208
.23807
.60897
.18813
-.02616
-.00512
.17223
. 38956
.05714
07964
.02369
.08523
.36722
.29982
.43353
.18592
-.18358

!

SE

. 12295

13852
~.118%94
-.08751
1.00000

. 05501
-.01575
—.07647

«47361
~+00422
-.02135
—«13543
~-.03041
—.06082
-+05840
-.14388
-.14950
-.04508
—16666
—-.10020

.08125
-.12398

.02434
-.08739
-.26931
~«1319¢&

«12016
~.08907
-+15408
-+15337
-.24746
-.080%96
-.15804

.03028

HG

.18993
07741
-.04903
«02556
. 05501
1.00000
-.03102
«26713
—.03057
-.118328
-.04172
. 09382
—-.02449
.00074
. 06163
<13572
«23100
-.00820
. 29075
. 00269
~.325716
09734
«21442
18460
.11922
.22371
-.12390
-.02312
.22282
< 22547
. 04555
.00623
«22160
-+16002

1

09/03/80.

SK

«30643
«13436
«16919
~.07972
-.0157%
-.03103
1.00000
-.0787¢%
.10311
09166
«41764
«29154
«93377
-.02179
.11228
.12013
. 06672
-.00398
«01730
-.15389
-.17402
«04464
. 04871
. 24024
~.24087
-.020583
+ 54405
«44402
-.03880
.02814
-.14111
-.13670
«16774
~ 44766

JFAGE

TH

.08911
.03029%
.07123
«16706
-.07647
«26713
~-.07879%
1.00000
-.08202
-.0773%
-.05329
~.01059
-.02623
-.00931
16228
-.05168
.38764
—+02045
« 25997
«41322
-.16026
<11532
.02236
.10386
.23180
31849
-.15900
-.14230
.21824
. 23850
.21101
.07809
+15013
-.17820

4

CS

31585
09905
«31141
«25519
47361
-.03057
210311
-.08202
1.00000
« 12734
.01094
-.03798
~.02326
-.02381
.05521
-.03173
~+10333
.00732
-.13996
14380
.02137
-.13111
. 09951
.00960
-.28683
-.15280
«35726
.02228
-+.16437
-.06317
~-.22868
-.08858
-.09914
-.17387

+ 11669
«11062
«07529
-.06845
-.00422
~+11838
«092166
-.07739
«12734
1.00000
«05433
-.01215
. 09093
-.01801
-.10924
.01036
-.07632
~.01630
~.16819
-.03086
.13368
-.15042
~.1482¢%
-.19554
- 23675
~-.19451
22577
06299
-.26031
-.21981
-.21640
-.19470
-.19874
-.04184




C C ¢

IFACTOR ANALYSIS OF DOE SURTRACE DATA 09/03/80., PAGE S
FILE ROOSEVEL (CREATION DATE = 09/03/80,) SPFRINGS GEOTHERMAL AREA,UTAH
NO3 S04 CL CR co cu FR NI ZN BE
AS " « 27953 .11827 .28857 .04746 .00913 .14081 + 07690 . 04873 .14004 -.14862
SE 12262 . 09293 «16578 .08189 -.03085 .156135 07379 . 08093 < 12693 -.01072
LI . 12208 .13157 .07868 »01092 .17837 «31199 «29110 .02013 + 24393 . 28835
RB -.01559 . 02255 -.09013 -.00442 .04427 . 18475 .31816 -.01208 .23807 .60897
SB -.02135 -.13543 -.03041 -.06082 -.05840 -.14388 -+14950 -.04508 —+16666 -.10020
HG -.04172 . 092382 —.02449 -.00074 «06163 .13572 +23100 ~.00820 .29075 . 00269
SR +41764 «29154 -93377 ~.02179 .11228 «12013 -, 046672 -,00398 .01730 -.15389%
TH ~. 05329 -.01059 -.02623 -.00931 .16228 -.05168 -38764 -.02045 . 25997 .41332
cs 01094 -.03798 -.02326 -,02381 .05521 -.03173 -+.10333 +00732 —-.13996 -.14380
F .05433 -.01215 . 09093 -.01801 -.10924 «01036 ~.07632 —~.01630 -.16819 ~-.03084
NO3 1.00000 31499 .45113 -.,02374 -.06715 .07684 —.05421 -.00512 -.04955 -.06615
s04 «31499 1.00000 s27434 .04938 13342 .27854 .15781 .04110 . 27564 -.05111
CcL .45113 27434 1.00000 -.02087 .01311 .01043 -.02256 -.00820 -.01364 -.07152
CR -.02374 . 04938 -.02087 1.00000 .27181 . 28558 . 04843 .98314 .10641 -.00634
co -.06715 -13342 .01311 .27181 1.00000 . 45252 12729 £ 27233 .34208 ~.11797
cu . 07684 27854 «01043 « 28558 45252 1.00000 2 32292 « 25774 . 63248 -.06151
PB -.05421 .15781 -.02256 .04843 $12729 $ 32292 1.00000 .04162 60427 346539
NI -.00512. .04110 -.00820 . 78314 .27233 . 25774 204162 1.00000 .07756 -.02588
IN -.0495S «27564 -.01344 .10641 . 34208 " .563248 .60427 .077356 1.00000 .08430
BE -.06615 -.05111 -.07152 -.00634 -.11797 -.06151 «34653% -.02688 .08430 1.00000
ZR +10543 -.25701 -.05619 ~.01904 -.05609 -.33116 -.2377S .00170 —.42702 -+11302
v -.08584 . 08644 -.08806 +10562 54506 . 53265 . 00227 .07204 .38197 -.10651
BA —-. 07632 «046730 -+.14335 «03615 .30120 .24124 .17850 .014621 +44654 -.25518
B . 07789 «16037 . 16638 . 07595 «28557 .33781 +15%40 .04253 «41614 .00474
AL -.17296 «06747 -.21009 +13033 «23547 .28818 £ 39932 08915 .53824 +51718
FE ~+.14765 .08177 -.11397 «17197 +51305 . 49288 13442 . 12820 «52983 03613
CA »30082 13422 +35755 -.03749 -.03222 . 06480 —.16127 .02121 -.18252 —. 27599
MG .28271 .20118 .33554 . 08344 .38187 . 53247 ~.00549 .08023 40399 -.26281
TI -.14957 .08291 -.13674 «09593 . 48540 <3171 .15150 .07078 . 64988 -.02358
MN -.04867 26679 -.00578 . 06812 « 29679 + 40199 .52530 . 03249 .80681 12404
NA -.10753 .+ 04459 -.14898 .01584 « 09022 «03428 28618 . 00579 .38419 +46493
K + 05099 .01878 -.10601 «01300 . 07497 «11674 +30485 -.01258 33249 33680
F -.003%1 23382 .05538 . 07726 . 43085 +54076 .32817 06182 .80460 -.04751
SsI -.19362 -.33569 —.309%96 -.08900 -.38041 —.49972 —.28631 -, 11199 -.45137 . 02958
IR v BA B AL FE CA MG TI N

AS -.15363 -.08477 «13791 .10303 -.20757 -.00847 « 33449 .273932 -.05164 . 14980
SE -.07478 -.16868 -.003535 ~.10684 -.10153 ~.10689 +24006 23573 —-.146344 13999
LI -,10250 -.06727 .04363 .10402 L 11799 -.03833 « 3455 35036 -.04324 34672
RB -.18813 -+026416 -.00513 .17223 38956 .05714 -.079454 . 02367 .08523 .36722
SB .08125 -.12398 .02434 ~.08739 ~.26931 ~.13196 .120146 -.08%907 -.15408 -.15337
HG -.3571¢6 .09734 + 21442 . 18460 S 11922 $ 22371 -.12390 -.,02312 »22282 $ 22547
SR -.17402 «04464 .04871 .24024 -.24087 -.020S3 + 54405 «44402 -.,03880 .02814
™ -.14026 «115832 02236 10386 «23180 «31849 -.159200 -.14230 .21824 .23850
cs 02137 -. 13111 » 09951 . Q0940 -.28683 -.15280 « 35726 . 02208 —+ 16437 -.06317

F .13368 -.15042 -.14829 -.1755 ~.23675 -.19451 £ 22577 £ 06279 -.26031 -.21981




C

1FACTOR ANALYSIS OF DOE SURTRACE DATA

FILE

NO3
So4
cL
CR
co
cy

NI
IN
BE
ZR

BA

AL
FE
Ca
MG
TI
MN
NA

SI

AS
SE
LI
KRB
SB
HG
SR
TH
cs

NO3
S04

CR
co
Ccu
PB
NI

y
£

BE

ROOSEVEL (CREATION DATE =

ZR

+10543
-.25701
-.05619
-.01904
-.05409
-.33116
-.23775

.00170
~.42702
-.11302
1.00000
-.13515
-.28703
-+ 39799
-.17439
~.26376
-.12047
-.09157
-.32028
-+44085
-.30448
-.03067
-.43047

+«32701

NA

-.29336
-.25%961
-.01767
.29982
-.247486
.04555
-.14111
«21101
-.22868
-.21640
-.10753
. 04459
-.14898
.01584
.09022
. 03428
28615
. 00579
38419
145493

v

.08584
«08644
08806
10562
+S54506
«53265
»00227
. 07204
.38197
10651
«13515
+00000
.344688
» 34552
39031
« 21026
21439
«53539
«78880
«214603
» 21227
.09741
58760
«244649

.14649
. 04022
.21860
43353
. 08096
00623
13670
.07809
. 08858
.19470
. 05099
.01878
+10601
.01300
.07497
«11674
.3048S
01258
33249
. 33680

09/03/80.)

BA

~.07632
06730
-+14335
03615
30120
24124
17850
£01621
+44654
-.25518
-.28703
.344688
1.00000
+ 33975
+ 26055
«41035
—-.03524
. 21496
+52356
+56072
17329
+ 33405
57599
-.17980

P

13579
202567
.22394
.18592
-.15804
22160
16774
.15013
-.09914
-.19874
00391
.23382
.05538
07726
+43083
+ 534074
.32817
06182
80460
-.04751

SPRINGS GEOTHERMAL AREA,UTAH

.07789
«16037
«16638
.07595
. 28557
. 33781
. 15940
. 04253
41614
. 00475
-.39799
343552
«33975
» 00000
. 25580
«37177
-.0984S5
«20635
«47787
«45671
29748
«21574
. 48505
—. 24269

-

SI

-.31372
-.21153
-.42981
-.18358
.03028
—-.16002
-+44766
-.17820
—.17387
-.04184
—.19362
-.33569
-.309%6
-.08900
~-.,38041
-+ 49972
-.28631
-.11199
-.45137

LJ295R

AL

—.17296
06747
-.21007
13053
23547
.28818
» 39932
08915
.53824
«351714
—+17439
.39031
«26055
+25580
1.00000
+53980
-.60320
.06343
«61606
50494
. 785464
463229
+446440
-.02743

09/03/80.
FE CA
-.14765 .30082
. 08177 «13422
-.11397 +35755
217197 -.03749
«351305 -.03222
.49288 .06480
«13442 -.16127
. 12890 .02121
+ 52983 —.18252
.03613 —.27595
-.26376 ~.12047
« 21026 -.21439
41035 -.03524
.37177 -.09845
«53980 -.60320
1.00000 —.29047
-+29047 1.00000
»444619 «34771
86767 -.34035
. 38292 -.18289
. 33592 -.44854
.18821 —-.38961
$ 873527 -.06204
. 27192 —.49820

PAGE

MG

.28271
.20118
»33554
. 08344
28187
63247
-.00549
.08023
+30399
-.26281
-.09157
53539
21496
. 20635
«06343
«44619
34771
00000
+ 38350
25262
-.18217
07503
+.57138

—-.53425

-

TI MN
-.14957 -.04867
. 08291 1 26679
-.13674 -.00576
09593 .06812
. 48540 « 29679
+43171 +40199
.15160 .S2530
.07078 03249
.564988 .80681
-.02358 .12404
-.32028 -.44085
.78880 + 21603
252356 . 56072
.47787 »45671
« 615606 .50494
86767 .38292
-.34035 -.18289
38350 25262
1.00000 55278
.55278 1.00000
133670 +«38348
.30387 «49423
«82017 +» 74254
-.25529 -.34503




1FACTOR ANALYSIS OF DOE SURTRACE DATA

FILE

IR
v

BA
B

AL
FE
cA
MG
TI
MN
NA
K

P

SI

ROOSEVEL (CREATION DATE = 09/03/80.)
NA K F
-.30448 -.03047 ~+43047

»21227 «09741 +587460
+17325 + 33405 £ 57599
. 29768 +21574 »48505
+ 78546 163229 446440
.33592 .18821 «67527
-.44854 -.38961 ~.06204
-.18217 07503 .59138
» 53690 +30387 .82017
-38348 +49423 274254
1.00000 .48117 . 36323
.48117 1.00000 .35425
«36323 - 35425 1.00000
. 03945 .05587 -.48058

1FACTOR ANALYSIS OF DOE SURTRACE DATA

DETERMINANT = .0000000 (  .19357204E-14)

SPRINGS GEOTHERMAL AREA,UTAH

SI

» 32701
—+24649
~-+17980
-+ 24269
-.02743
~.27192
-.49820
—+53425
-.25529
-.34503

03745

. 05587
-.48058
1.00000

09/03/80.

09/03/80.

FAGE

FAGE

7

8




APPENDIX D

FACTOR ANALYSIS OUTPUT




1FACTOR ANALYSIS OF DOE SURTRACE DATA 09/03/80. FAGE 13

FILE ROGSEVEL (CREATION DATE = 09/03/80.) SPRINGS GEOTHERMAL AREAsUTAH

VARIABRLE EST COMMUNALITY FACTOR EIGENVALUE FCT OF VAR cuM FCT
AS «46261 1 7.856382 23.1 23.1
SE 35959 2 4.,62445 13.46 36.7
LI + 73340 3 2.99158 8.8 45.5
RB « 74363 4 2.13313 6.3 51.8
SB «43934 S 1.96423 5.8 S7.6
HG 33931 -} 1.468352 5.0 62.5
SR : 98955 7 1.41285 4.2 66.7
TH 60407 8 1,33371 3.9 70.6
Ccs . + 64937 ? 1.15708 3.4 74.0
F +21003 10 «70004 2.6 76.7
NO3 «353124 11 88694 2.8 79.3
S04 « 36660 12 .83880 2.5 81.7
cL .98782 13 .78857 2.3 84.1
CR . 97758 14 67449 2.0 86.1
co .52128 S + 61740 1.8 87.9
cu .81726 16 .461045 1.8 89.7
PB «68370 17 «33625 1.5 ?1.3
NI « 97725 18 + 43653 1.3 ?2.6
IN «89602 19 .41389 1.2 ?3.8
BRE .81044 20 +35075 1.0 ?4.3
Zz «464710 21 .31321 9 5.7
v .?5701 22 . 27641 .8 ?6.6
BA .82843 23 25770 .8 ?7.3
4 .47334 24 + 20501 -] ?7.9
AL + 922254 25 «15590 S ?8.4
FE . 95133 26 +13570 4 78.8
ca «91742 27 «11294 3 ?9.1
[al*] .88937 28 . 09586 .3 ?9?.4
I « 24506 29 «07131 .2 ??.6
MN .84926 30 . 05642 . 2 ??.8
NA «87945 31 0355 .1 ?9.?
K «467350 32 02860 .1 100.0
F . 92140 33 .01181 .0 100.0
51 .69178 34 . 00436 .0 100.0




1FACTOR ANALTYSIS OF

FILE

FACTOR MATRIX USING

AS
SE
LI
RB
SE
HG
SR
™
cs

NO3
S04

Gt

ROOSEVEL (CREATION DATE = Q9/03/80.) SFRINGS GEQTHERMAL AREASUTAH

FACTOR 1

.06737
.01007
.26894
.33113
~.22003
26965
. 06904
.28673
-.13757
L23197
,04811
.24500
~.02472
.19503
.50621
463333
.46280
15931
.85320
163587
~.45570
.566408
.5297%
.S3014é
.49887
. 78540
-, 23765
. 47889
35357
.78131
.51563
.4%5337
98092
-. 45874

DOE SURTRACE DATA

FRINCIFAL FACTOR WITH ITERATIONS

FACTOR 2 FAaCToR 3 FACTOR 4

+ 50661 +15795 01963
32407 . 21284 . 12984
+ 31633 » 57431 . 17832
~+12084 154956 «15902
.11025 -. 03225 -.00808
.00300 02783 -.08068
s 76776 . 09482 -, 20717
~.18799 22503 -+01245
.32270 + 17429 «09971
19637 .05358 06529
41261 . 14147 =+ 06197
29953 .10400 —+03454
< 54633 215393 -.18297
.07587 ~.22284 .?0523
156391 -,25158 L1599
+ 32354 -.09115 L20283
-.Q09714 +43023 08105
. 10617 -.21347 .P0352
. 05738 12595 -.030Ca
-.42515 . 52829 +14107
-.124256 -.15940 +11430
L01429 -.58526 ~. 09863
05787 -, 15957 ~. 14125
10480 -.0091% ~.ilavl
-.51800 .15548 .06113
-.07708 —.32787 L 030
. 75928 12445
L 43363 -. 19590
-.14784 -

OMORE THAM 5 [TERATIONS REQUIRED.

FACTOR

-.18079
~-.12784
-.20194
-.136468
-.34142
-.13194
47772
.02482
-.54250
-.02639
$27294
. 17455
.51501
.17180
-.05426
~. 08007
-.02756
L186312

-.00088
-.12387
.0180%
-,01350
-.14048
.28645
L0292
~,06859
06129

FACTOR

-.19331

. 09353
. 358729

£ 32625

~.06543

. 38090
L02217

-.18807

.12893
.10514
L5229
11945
08227
L 18610
$14127
.13392
L21207
.15984
. 21593

L 1384890
LQN08Y
L37237
L3880
LOAL02
L00334
16421
L 03698

L1529

09/03/80.

FACTOR

-.08760
02018
.01088

-.02032
.015671

-.20149
. 04202

-.50071
L.03736

-. Q7973
12797
. 03550
03295
L07151

-.0921v0

-, 03745

~.1172%
. 04838
03352

~.32125
.13258
-, 21728
, 30228
LQ7R47

-, 01890
L23082
. 080&8
<335151
L 12419

. 228285

FAGE

FACTOR

. 05682
—.16201
-.04931

. 15447

30117

. 02689

.27384

08672

. 38163
-.11350
-.01607
-.11290

17459

WDTEPT

LO7931
-+ 28210
-, 21758

£11176
-.25908

0?5882
-.08455

07453

. 14415

L 23278

01408
11999

L2377
-, 22431

L19521
-.07222

£ 21075

.07014
~.02943

L02707

13

FACTOR 9

.24461
s271448
~.113389
-.074614
. 20908
. 09887
~-.02031
. 24029
02002
00974
.14234
-.0v753
17335
L0197
LO1S7S
—.UTALS
L0773
-, 01922
LO3280
L0485648

. 34520




IFACTOR ANALYSIS OF DOE SURTRACE DATA 09/03/80. FAGE 1

FILE ROOSEVEL (CREATION DATE = 09/03/80.) SPRINGS GEOTHERMAL AREA,UTAH

VARIABLE COMMUNALITY FACTOR EIGENVALUE PCY OF VAR CuM PCT
AS 42296 1 7.42783 33.9 33.2%
SE .29271 2 4,35220 19.3 53.3
LI « 72667 3 2.74647 12.2 65.5
RB .72985 4 2.03745 ?.1 74.5
SB «31736 S 1.64719 7.3 81.9
HG 29359 é 1,32959 3.9 87.8
SR . 25200 7 1.06880 4.8 ?2.5
TH .51319 8 .98813 4.4 ?6.9
cs +70807 ? .69541 3.1 100.0
F 13067
NO3 + 31059
S04 . 22784
cL . 92533
CR . 98451
co +40989
cu 87672
PR .52810
NI «27742
IN »87314
BE .82976
ZR .54194
v . 923739
BA 56865
B .40120
AL .+ 85942
FE +?4671
CA 74955
MG .90115
TI .93310
MN 83945
NA . 75602
K 706469
P 85624

SI 66519




1FACTOR ANALYSIS OF DOE SURTRACE DATA 09/03/80. FAGE 16
FILE ROGQSEVEL (CREATION DATE = 09/03/80.) SPRINGS GEOTHERMAL AREAsUTAH
ROTATION FOR DIRECT OBLIMIN LOADRINGS DELTA = 0

ITERATION CRITERION

0 20.088249
1 18.983285
2 17.694840
3 16.487297
4 15.905373
5 15.219771
[-) 14.,422598
7 13.501728
8 12,744773
? 12.296009
10 12.034998
11 11.841065
12 11.675741
13 11.534845
14 11.411252
15 11.292127
16 11.166192
17 11.028274
18 10.881225
19 10.734910
20 10.601832
21 10.471947
22 10.409561
23 10.353115
24 10.3172%6

25 10.295856




1FACTOR ANALYSIS OF DOE SURTRACE DATA 09/03/80. PAGE 17
FILE ROOSEVEL (CREATION DATE = 09/03/80.) SPRINGS GEOTHERMAL AREA»UTAH

OBLIQUE FACTOR PATTERN MATRIX

AFTER ROTATION WITH KAISER NORMALIZATION

DELTA = ]

FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOR S FACTOR 6 FACTOR 7 FACTOR B8 FACTOR <

AS 01069 »24736 -.00392 .03015 ~. 29365 -.11284 -.10908 -.07488 .39183
SE -.08475 .0978S .05397 . 06598 -.0746%3 . 064605 -.04944 ~-.00786 . 48485
LI .04760 .01464 .78888 -.01822 -.06341 ~.03984 +104648 -, 09566 +174608
RB -.02908 -.07181 .80787 ~-.00989 ~.11256 -.03142 -.12851 «17579 ~.05357
SB -.03558 -.02477 ~-.046558 ~.01999 -.54114 .05899 ~. 04955 .04053 .0748S
HG .04038 -.05268 ~+17067 -.01339 -.06981 -.33381 —.29457 -+00205 .18802
SR .07870 «95229 -.01095 -.00877 ~.07479 -.14010 «02220 ~.06736 -.150%97
T . 14548 . 00829 «05170 -.03108 ~-.0208% ~.05447 - 69027 -, 03325 +10009
cs .00618 -.03185 « 35695 01992 —.77729 ~.067385 . 08933 -.07500 -.02596
F -.04939 .03043 07741 -.01479 .00374 . 14658 03569 -+ 24308 109670
NO3 -.04822 .51268 .01857 -.01306 04032 12280 , 05578 206101 +12670
504 . 00398 .25682 .02564 $03527 + 19544 ~.25144 «06165 -.04100 09972
cL -.047439 1,00552 -.11100 .00S527 03941 203777 -+13170 .05270 -.024628
CR ~.00847 -.,01562 -+ 05793 «?9819 —-.00222 .04379 .00567 02825 -.,00046
co +57133 -.00482 .06147 .+ 19455 -.06187 -.01504 -.00226 -.02515 . 00298
Cu . + 50330 -.08458 . 20158 «17205 223072 -.15098 .16821 -.14908 +27530
PB -.08868 -.09965 » 23030 03200 $23277 -.26485 -.28122 +13158 .34724
NI . -.02761 -~.00472 -.04213 .7985: - -. 02393 03622 »02028 -.00424 —-.014667
ZN . 28549 -.10017 .078156 01215 L25941 ~.43429 -,04037 »22241 +41101
HE -.13305 .01824 57041 00646 16412 . 14977 ~.54740 » 12939 -.146987
IR .02421 -.01838 -.08066 -.00344 -.05323 . 74337 07474 .12027 .08722
v 1.01565 -.03554 -.08187 -.0408% 03649 .13188 -.05246 -,02863 -.146339
BA .23467 -.08679 ~.12243 -.01807 -.23222 ~.39290 . 22360 . 37403 +14515
B .22015 +20503 .03779 03844 -.05350 -, 39728 01382 20641 -.14881
AL L 26159 -, 09590 .24771 07377 27693 L02699 -. 17?295 .55893 -.08230
FE «92677 -.05513 -.0866% .02448 00247 01917 — . 26522 .07382 -.0727646
ca -.06347 28695 21425 -.01805 ~.19744 -.21136 24941 -+55475 04636
MG . 70321 .28527 .13215 -.05443 «09555 » 19003 29508 -.08376 « 32362
I . 73151 -.06126 -.09021 -. 01972 .02341 -.23084 -.04537 . 28896 -.13813
MN «06404 -.03595 + 16750 .00555 .08127 -.498%6 .05114 L 45327 +33357
NA .01505% 00737 + 20215 02303 L 22595 . 27296 ~.14324 .344874 ~.42301
K -.01148 03766 .28130 -.01075 02370 .11827 «07155 . 724680 .11895
P .952756 .05291 .05689 -.04074 .08708 -.38517 .11564 . 26059 .16338

SI -.33490 =, 23042 - 29091 -.03538 00931 31402 . 04529 .33178 ~.18457




1FACTOR ANALYSIS OF DOE SURTRACE DATA 09/03/80. FAGE 18

FILE ROOSEVEL (CREATION DATE = 09/03/80.) SPFRINGS GEOTHERMAL AREA,UTAH

FACTOR PATTERN CORRELATIONS

FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOR S FACTOR & FACTOR 7 FACTOR 8 FACTOR @9

FACTOR 1 1.00000 « 04321 L056621 . 18225 12337 -.38291 .03541 +21406 .10758
FACTOR 2 .04321 1.00000 .1137S .01878 -.,01408 -. 09616 . 18866 -,23384 . 24286
FACTOR 3 06621 .11875 1.00000 .07837 .10288 -.11915 -.06120 . 10740 .18020
FACTOR 4 .18225 .01878 2078337 1.00000 06065 -, 06979 00462 ., 00461 L0922

FACTOR 5 12337 -.01408 .10288 06065 1.00000 -.06187 -, 12033 L20752 -.09102
FACTOR & -.38291 -.09616 -. 11915 ~,06979 -.06187 1.00000 . 14628 —.22164 -. 20074
FACTOR 7 .03541 . 18866 -.06120 . 00462 -.12033 « 144628 1.00000 ~.17456 L05517
FACTOR B 21606 -.23384 < 10740 . 00461 «20752 ~.22164 =« 17656 1.00000 -.12073
FACTOR 9 .10758 24286 13029 L0922S -.09102 -.20076 05517 - 12073 1. 00000




1FACTOR ANALYSIS OF DOE SURTRACE LATA ’ 09/03/80. FAGE 19
FILE ROOSEVEL (CREATION DATE = 09/03/80.) SFRINGS GEOTHERMAL AREAYUTAH

OBLIQUE FACTOR STRUCTURE MATRIX

AFTER ROTATION WITH KAISER NORMALIZATION

DELTA = [

FACTOR 1 FACTOR 2 FACTOR 2 FACTOR 4 FACTOR  © FACTOR 4 FACTOR 7 FACTOR 8 FACTOR ¢

AS . 05570 35559 .08098 . 06180 ~.32598 -.20221 -.00799 ~.19468 +50753
SE -.05099 < 20699 . 13892 09179 ~-.12330 -.02002 .01007 ~.12335 .50727
Lr «10662 «20014 +B0547 . 04778 ~.02397 -.14682 09117 -.04843 «35643
RE . 04530 -.05085 .80592 . 03741 «02619 -.14898 -.21761 . 28591 .05878
SE -.118%94 -.03209 ~+11427 ~.06215 ~.54919% . 08643 01916 -.09418 .08113
HG 15293 -.04766 -.09102 . 01464 -.04379 —.39900 ~.32240 .08238 . 20494
SR «13193 .?5218 07984 «01370 ~-.0762%9 ~. 20478 .19734 -.24442 .13028
TH .14102 ~.07244 12093 . 00807 .07078 -.22737 ~.468093 .119219 .10298
cs —. 05369 .05828 « 26504 . 00369 -.75783 -.02807 .15720 —.18662 .13147
F -.14215 .11010 .04861 -.01920 -.06838 .19382 .10412 -+30226 .11291
ND3 -.04098 «52684 . 08857 -.00682 .01374 05775 «15903 ~.1115 .21500
504 «14783 «32719 +11910 . 08283 .18719 —.29726 .06128 -.02391 .21153
CcL -.01613 94257 «01421 « 00376 «03312 -+ 05599 .05317 -.17838 +16850
CR .15816 -.0139% .01504 .98874 . 05408 ~-.019243 .01224 .01733 06479
co «60358 03944 .10737 .30084 .02253 -.24578 .02404 .09747 .10386
Cu « 63398 .10860 +30334 .32800 . 25845 ~.38349 .15019 .02033 + 39769
FR +11406 -.05330 36455 L09596 JR29499 -.40541 -.38794 .27538 35804
NI »13256 . 00550 L02225 . 98465 L02492 -.00848 .03361 © 02360 06027
ZN 57769 -.00054 £ 26502 .15324 <3455 —. 69791 -.16523 .42358 +46710
BE -.14069 ~+11537 58142 L0092¢ L 30792 L04270 -.63369 .27984 -.16834
ZR -. 23576 -.09045 ~+15148 -.05186 ~. 09644 .71578 .17578 -.07843 -.08429
v 929632 -.05830 —. 06332 .11473 15854 ~.21178 -.00744 19744 -.11051
KA «4456¢4 -.06004 —.04297 . 04296 - «15375 -.52353 13538 «41364 . 19278
E . 41309 17696 W11612 .09714 +05591 ~-.51904 -.038446 30280 ~-.00453
AL «41620 -.24793 +.34182 .14806 «48573 -.25133 -.34920 76035 -.1347%
FE +91480 -.11178 -.02092 .17678 .16293 —.36248 -.25193 L32961 -.02742
Ca -.09007 .52132 +18077 -.00180 -. 32563 -.07613 .38180 -.65835 . 28755
MG . 68055 +46437 22675 .11281 . 09392 12777 .41440 -.09803 LA6689
TI 85656 -.12859 -.01168 .11130 < 19664 ~.537323 -.12084 .53228 -.085598
MN .41130 .01815 234147 £ 10263 19574 —.7053% -.10800 57171 .403320
NA& «21173 -.17962 ‘24242 .C3689 «41563 -+35459 ~.32326 L 45589 - .40889
[N .15193 -.08533 37530 .01807 . 18856 -.10520 ~.05869 .76744 . 05841
F 76239 .1178¢9 «20016 .10984 .20382 —-.67523 .03681 .431472 . 28380

SI -.43841 ~.A42442 -.38022 -.16154 . 00008 . 47195 ~.01642 .22802 LA3400




LFACTOR

FILE

FACTOR

AS
SE
LI
RB
SB
HG
SR
TH
€s

NO3
S04
cL
CR
co
cu
PB

IN
BE
Zk

BA

AL
FE
CA
MG
TI
MN
NA

51

ANALYSIS OF DOE SURTRACE DATA

ROOSEVEL (CREATION DATE = 09/03/80.)

SCORE COEFFICIENTS

FACTOR

~.005%1
. 00892
+ 04079
-.00192
.00991
-.00806
+43003
-.02177
.01047
.01219
201915
00262
-+41024
~.06305
.02941
-.04784
06306
.09070
.07382
-.04722
. 00595
227074
-.07984
.00843
-.01718
«30142
-.09526
22399
.32741
.01540
-.08425
00296
-.07812
-L0a91t

FACTOR 2

.05218
+00520
-.02207
. 00914
~-.00071
.01175
. 67924
.04524
-.03401
-.01433
.04375
.05585
.18378
~.02094
-.030%94
. 06074
-.01032
» 02859
-+10561
+01506
.06118
-.15983
-.03106
-.001%92
-.09545
.00474
-. 05265
.21081
-.0011%
04404
09019
. 04403
-. 01284
- 031467

FACTOR

-.008%1

=+ 01655

.25064
.31870
.01458
-.03027
52399
01991
09165
+01401
.00308
.01802
~+.96373
-.186239
+01745
05764
.01532
.15618
00272
.25638
.04744
-.04931
-.12163
-01062
13529
-.12129
~.00421
23704
. 19263
. 10255
09313
03492
L0263
-.07323

FACTOR

-.00418
~-+00151
. 02685
01375
.01058
.00109
.05743
.01487
. 00535
. 00495
00639
.00310
-.03298
.5888¢9
-.00338
-.00487
. 00402
. 30379
056078
~.01934
-.02299
.09018
-.01272
00254
. 05622
~,08651
-.01143
-.01811
-.,00720
.00604
-.01388
-.0107%
-.04374

L3253

FACTOR

-.09586
~¢08736
.08428
~.0592%
-.14684
-.03646
-1.44191
.01823
-, 472486
200792
-.0558¢9
.04598
1.33002
. 228246
-.02000
+ 14000
-. 09056
~.23074
L 27521
.06362
~-.06804
. 70811
.12086
-.00592
.31714
37639
.36616
-.01848
-.40084
-, 10061
.27428
—-.0%674
. 1a107
NESR SN E

SFRINGS GEOTHERMAL AREA»UTAH

FACTOR

~+ 03809
~.02120

B

11258

-.07813
-.03974
~.08674
-2.70043
—.01477

10996

-.02237
-.14287

.

.

.

00271
38793
24334

-.01376

00132

. 14142
-.20384

24420
23809
16792
81237
42804
03580

-.01773

44360

L4S797
. 33589
. 26269
-32127
,i17414

29126

RS P
a0 7a

M

09/03/80.

FACTOR 7

.038%0
s 02926
.03014
+14135
.05817
.09033
.06215
«10175
+ 13369
03404
04572
. 04782
«02555
03697
.03673
+00495
. 00354
04359
18752
+ 38035
.09710
. 14817
.30124
.00881
13293
+ 56290
+ 386479
.55702
092230
. 18849
L07954
LOS5257
L2333

LLI084

FPAGE

FACTOR

-.01766
01266
+07511
.01687
«03630
.01603
. 29487
.01632
L0755
.01984
.04518
+ 03756
. 356650
.17888
.01379
.05821
L01215
.18344%
06248
. 048452
»03149
. 06102
L09736
.01806
. 44936

. 24088
-.03637

-.15741
. 27768
.21071

-.0488623

» 3094
15483

1

razy

FACTOR 9

.11231
. 05372
.04801
-.13288
-.,02003
07212
-2.19588
.07170
13479
-.00482
-.04153
.00108
1.87179
. 12905
02172
10172
-. 06763
-.14948
45132
06697
~.01837
. 239513
. 43359
-.02443
-.03331
-.12163
. 46097
.30141
~.54351
10348
-.10662
.NA714
L0878

Sortrant




	Untitled

