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Geochemical reconnaissance for uranium occurrences in the Notch Peak
intrusive area, House Range, Millard County, Utah

by
R. A. Cadigan and Keith Robinson

Abstract

Samples collected from the contact metamorphic zone of the Notch Peak
intrusive area, House Range, Millard County, Utah, indicate the occurrence of
low-grade uranium and thorium ore. Maximum abundances in the altered
mineralized rocks in the contact zone are 450 ppm uranium and 480 ppm thorium.

Interpretation of factor analysis of the spectrochemical and delayed
neutron analytical data suggests the presence of five geological factors which
account for 82 percent of element covariance of 34 elements in 61 samples. The
factors are identified as (1) limestone source rock reactions; (2) monzonite
source rock reactions; (3) hydrothermal element group 1; (4) rare earth group;
and (5) hydrothermal element group 2. The last factor effects the distribution
of, primarily, beryllium, uranium, copper, molybdenum, tungsten, niobium, and
secondarily, thorium, tin, and zinc; it is identified as the prime
mineralization factor.

The Notch Peak intrusive area has been a tungsten producing area since
before the 1940's and the location of small-scale gold placer operations. This
reconnaissance study was a "follow-up" of uranium anomally data which were
developed during the U.S. Dept. of Energy National Uranium Resource Evaluation

(NURE) program in 1978-80.



Introduction

The Department of Energy (DOE) in 1977, selected the Delta, Utah 2-degree
quadrangle of the National Topographic Map Series for uranium resource
evaluation. This selection was made as a part of the National Uranium Resource
Evaluation (NURE) program. The U.S. Geological Survey assigned the senior
author the responsibility for assembling and evaluating all available
information on uranium resources or potential resources in the Delta
Quadrangle. A report (Cadigan and Ketner, 1980) was assembled and submitted to
DOE.

One of the original provisions of the NURE program was that hitherto
unrecognized evidence of uranium anomalies which were suggested by the Quad data
would be investigated or followed up after the composite report was submitted.
Evidence that the Notch Peak area (Millard County) was anomalous appeared in the
senior author's interpretation of data from an aerial gamma-ray and magnetic
survey of the Delta area, Utah, by Texas Instruments, Inc. (1979). The anomaly
is mentioned in the Delta Quad report (Cadigan and Ketner, 1980, p. 84) and
shows on Plates 3 and 3C as a radiometric and uranium anomaly, on 3B as a
residual magnetism anomaly and on 4A as a stream-sediment uranium anomaly based
on NURE Hydrogeochemical Stream Sediment Reconnaissance (HSSR) data compiled by

Jones (1979).

Purpose and scope of investigation

This report presents the results of a field and geochemical reconnaissance
of the Notch peak uranium anomaly. The approximate statistical distributions of
34 elements were determined based on 61 rock samples. Statistical analysis of

element correlations and multivariate factors was done and the results



interpreted. Some mineralogic relationships were examined. X-ray diffraction
analysis of powdered samples was used as an aid to mineral identifications.
Rudimentary work was done on a few mineral separates for descriptive purposes,
but an intensive mineralogical study was not attempted. A hand-held L
scintillometer was used as a guide to sampling, but no systematic ground
radiometric survey work was done. Some panning was done on sediments in the
area to confirm the reported presence of gold. Due to expense and time
constraints, only 6 of the rock samples collected were analyzed for gold and

mercury.

Previous work

The intrusive was first studied by Crawford and Buranek (1941). Kerr
(1946) commented on the tungsten and molybdenum mineralization; Gehman (1958)
studied the geology, petrogenesis and economic deposits in some detail. Hintze
(1974) mapped the area and described the stratigraphy.

Recent work on the contact and autometamorphic effects on fluid inclusions
in the Notch Peak intrusive and in intruded sediments have been reported by
Feldman and Papike (1981). Hover and others (1981) estimated that pressures of
2 kbars were exerted at the intrusive contact of the Notch Peak with the
overlying Cambrian sediments. Hover and others (1981) also reported that they
did some statistical analyses on analytical data from samples used in their
study. Nabelek and Laul (1981) described the Notch Peak intrusive as being
composed of three separate intrusives, a granite body and two separate quartz
monzonites. The knowledge of and published abstracts from these related
studies, however, were not available until after this reconnaissance study was

completed. Results reported in the abstracts do not conflict with the



conclusions reported here. Shallow drilling was done by Kalium Chemicals Ltd,
of Denver, Colo., in the early 1970's for the purpose of locating thick parts of
the tactite zone. They drilled approximately 120 holes and cored 15 or 20 of

them (A. R. Kirk, written commun., 1982).

Geographic and geologic setting

Location and access

The Notch Peak intrusive area is located near the southern end of the House
Range in Millard County, Utah and in the southwestern part of the Delta 2-degree
Quadrangle (fig. 1). The Notch Peak area is 45 miles west of the town of Delta
Utah. From Delta one may drive west about 30 miles on Highway 6 and 50, past
Long Ridge, then turn north onto a well-used gravel road (Antelope Spring road)
and drive 10 miles to the intersection with the Rainbow Valley road, turn west
and drive 4 miles to the intersection with the North Canyon road, which bears
southwest. The North Canyon road is the best access road to the center and the
periphery of the intrusive. Another access road up Miller Creek reached only
the southern edge of the intrusive in 1980, but does reach the Klondike mine
area. Access to extreme western outcrops can be reached using the Tule Valley
road north from U.S. 6 and 50. Other poorly maintained roads depending on their
state of repair offer access to more remote parts of the area. For
reconnaissance purposes, a 4-wheel drive vehicle is recommended,

At the time of the reconnaissance the only active mining was a small pilot-
scale gold placer operation in the center of the area. Much of the area,
however is included in tungsten mining claims held by Notch Peak Minerals Co.
Visitors are not unwelcome but early contact with the company which operates out

of Delta, is strongly recommended, if later trouble is to be
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avoided. There are numerous small tungsten mines, but these were inactive in
1980.
Topography

The House Range, in the Basin and Range province, has a generally north-
south orientation. It is bordered on the west by Tule Valley, a basin, and on
the east by a southern extension of Whirlwind Valley, and a northern extension
of the Sevier Lake bed; these are also basins. The Sevier Lake bed and Tule
Valley are about 1370 m (4500 ft) in elevation. Exposures of the Notch Peak
intrusive range from about 1520 m (5000 ft) to 2740 m (9000 ft), relief of 1220
m (4000 ft). Notch Peak itself is an impressive topographic feature cut in
1imestone which rises to 2943 m (9655 ft); it lies just south of the area of
study.

The east and west flanks of the range are strongly dissected. Slopes are
steeper on the west. Vegetation is sparse over the intrusive and consists of
widely spaced pinion and juniper trees, groves of aspen, low shrubs and grass.
The bare rock is well exposed in the valleys, particularly on the western
slope. The eastern slope has more soil cover and vegetation. The top of the
intrusive dome is fairly open and the north side contains some thick alluvium
deposits. Topographic lineation suggests the presence of a major fault which
strikes west-northwest and bisects the exposed intrusive. The northern half of
the area has subsided relative to the southern half. The result has been the
accumulation of sediment in the northern half of the "interior" of the exposed
intrusive. Much of the northward-sloping unconsolidated sediment is alluvial

gold-bearing muds and gravels.



Geology
A geologic map of the area by L. F. Hintze (1974) and a study of the Notch

Peak intrusive by Gehman (1958) are detailed studies of the geology of the area.

According to Gehman (1958), the Notch Peak intrusive is a porphyritic
quartz monzonite stock or pluton of possible Jurassic age which was intruded
into Cambrian limestones and limy shales. The exposed intrusive is generally
dome-shaped but on the west flank there are three exposed sills many meters
thick injected laterally into the Cambrian rock strata.

Figure 2 is a generalized geo]ogic'map. The map delineates the exposed
area of the intrusive. The intrusive is exposed in an oval-shaped area 7.2 km
(4.5 miles) along its east-west axis and 4 km (2.5 miles) along its north-south
axis.

The intrusion of the monzonite stock resulted in some doming of the
intruded beds. The pre-intrusion dip of the rocks was to the east. This dip
has been steepened on the east flank of the intrusive and changed to a mostly
northerly dip on the north side, westerly on the west and southerly on the south
flank.

Contacts of the limestones with the monzonite intrusive produce a 5- to
100-meter-thick contact pneumatolytic metamorphic zone. Locally along the
contact metamorphic zone, hydrothermal mineralization occurred, resulting in
elongated pod-shaped concentrations of W, Cu, Mo, U, Th, Au, and reportedly,

Hg-bearing phases in the tactite rock deposits.

Mineralogy
Rocks in the pneumatolytic metamorphic contact zone consist of altered

monzonite, tactite, skarns (green and white paraliel banded metamorphosed
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limestone) and altered and recrystallized limestone and marble. A more detailed
description of the mineral and alteration products of metamorphism is given by
Gehman (1958) who recognized contact metamorphic effects extending far up into
the overlying limestones.

The tactites form a dark brown garnetized rock zone which at some places
shows a banding structure which grades into the banded metamorphosed
limestone. The predominant garnet variety found in the tactite is identified
from X-ray diffraction peaks as uvarovite. The garnet present in megascopic
crystals is mixed with less conspicuous calcite, quartz, hornblende, biotite,
chlorite, and at some places pyrite. Green-colored layers also contain diopside
or diopside-augite.

The altered monzonite is typically albite, biotite, calcite, and chlorite,
suggesting removal of quartz and potassium feldspar near the contact. Below the
obviously altered monzonite the intrusive is porphyritic with light
gray-anhedral quartz crystals, large white phonocrysts of albite or adularia,
and dark brown books of biotite, in a groundmass of the same minerals. Adularia
also occurs as 2-3 c¢m-long pink phenocrysts which can be mistaken in hand
specimens for microcline or orthoclase. The presence of the adularia suggests
that all of the exposed quartz monzonite has been affected by auto-metamorphic
processes, and that the zone of metamorphism is of considerable thickness,
probably at least 200-300 m.

Some altered rock in the tactite-skarn zone contains hematite and
goethite. Some crystals resembling brown garnet are identified as
wollastonite. Malachite-stained rock in one of the mineralized areas contains
cuprite, hematite, goethite and a matrix of reddish jasperoid. More rarely
jdentified in the tactite zone were tourmaline (dravite), lepidocrosite,

anorthoclase, augite, anatase, and epidote.



A white sugary textured rock exposed at the top of the intrusive but not in
a tactite zone (Loc. 12) contains quartz, albite, orthoclase and biotite and was
jdentified as an aplite; it was found to contain 500 ppm Mo and 15 ppm Be.

Neither X-ray diffractometer peaks nor thin sections showed the presence of
W or Mo minerals in the samples, suggesting that if present they composed less
than 5 percent of the rock. Panned samples of gold-bearing sediments, however,
contained scheelite and traces of a yellow unidentified molybdenum mineral in
the concentrates.

The well-defined contact zone and the segregation of minerals in the zone
suggest that the intrusion was accomplished by a hot plastic body which invaded
the limestones, forming sills, surrounding isolated blocks of limestone and
altering but not really melting or absorbing the intruded formations. There is
much evidence of hydrothermal activity. Calcium and silicon were mobilized by
hydroéherma] solutions. Calcite was deposited in the altered monzonite and
silica was deposited as chalcedony, or quartz, in the tactite zone, or reacted
with calcite in the tactite and in the 10 m or more meters of metamorphosed
limestone and calc-silicate minerals above the zone. The presence of abundant
adularia in the monzonite 100 meters below the contact, the removal of quartz
and potassic feldspar, and bleached areas in the monzonite below the tacite zone
also suggests active hydrothermal solutions moving through a wide contact
metamorphic zone.

The intrusive is in contact with the Cambrian Marjum Formation, Weeks
Limestone, and Orr Formation and Cambrian-Ordovician Notch Peak Formation in the
area of exposure of the intrusive, according to Gehman (1958). These units and
others in the area are described by Hintze (1974). The intrusive is also in

lateral contact with the

10



Holocene sediments of Tule Valley at the westernmost exposures, as well as with

the gold-bearing sediments on top of parts of the intrusive.

Radioactivity

The monzonite on Notch Peak shows a surface radioactivity background which
ranges from 3 to 8 times that of the surrounding Cambrian Timestones. The
contact between the limestone and the monzonite where it is covered can be
easily recognized by the abrupt change in radioactivity. Highest values
observed at the portals of some of the mines in the tactite range from 10 to 12
times the altered 1imestone background.

Radon was measured at two springs filowing from the intrusive. One spring
located on the North Canyon road near the northern boundary of the intrusive
contains 1400 picocuries of Radon-222 per liter of water; the other near the
center of the intrusive, close to the trace of a major fault contains 4200

picoCuries per Titer.
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Geochemical studies
Sampling and analytical methods
The rock samples used for this study were selected as representing

particular types of alteration and mineralization, or on the basis of relatively
high radioactivity. Samples were collected from surface exposures of monzonite,
or from exposed tactite and skarn at the entrance to mine adits, in open-pits
and prospect pits. Samples of 1 to 2 kg (2 or 3 1bs.) were collected where the
material was plentiful. Smaller samples were collected from thin alteration

2 or less. Sample locality

bands or surfaces. Samples represent areas of 10 cm
descriptions and brief sample descriptions are given in table 1; sample
localities are shown on fig. 2, and defined by geographic coordinates in table
3.

The focal point of the sampling was the mineralized contact zone in order
to obtain information on element relations of potentially economic interest. No
attempt was made to obtain a suite of samples representative of the intrusive as
a whole. We observed alteration changes in color in the soil and in the
alluvium where the intrusive is covered, but no attempt was made to do either
soil sampling or plant sampling. In other words, geochemical exploration

preliminary sampling was not attempted. A1l references to the contact zone in

the report refer to the mineralized tactite and skarn rocks.

Elements studied
Table 2 lists the elements looked for in the samples, their lower reporting
limits and the percent of samples for which numerical analytical values were

obtained for each element. The lower reporting limit or limit of detection is

12
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Table 2.--Elements looked for, lower reporting limits and percent of
samples for which numerical values were obtained,

Percent of samples

Lower for which numerical
Element Symbo1 detection limit values were obtained
Elements used in the statistical study

Iron Fe 0.001% g5**
Magnesium Mg .002 100
Calcium Ca .002 70%x
Titanium Ti .0002 100
Manganese Mn 1 ppm 100
Barium Ba 2. 100
Beryllium Be 1.5 93
Cobalt Co 5. 44
Chromium cr 1. 89
copper Cu 1. 100
Lanthanum La 50. 26
Molybdenum Mo 3. 54
Niobium Nb 10. 77
Nickel Ni 5. 34
Lead Pb 10. 64
Scandium Sc 5. ' 36
Tin Sn 15. 33
Strontium Sr 10. 93
Vanadium v 7. 92
Tungsten W 100. 31
Yttrium Y 10, 57
Zirconium Ir 15. 98
Zinc In 300 ppm 13
Silicon Si .002% 39%*
Aluminum Al .01% 100%
sodium Na .05 87
Potassium K 1.5 69
Cerium Ce 200 ppm 13
Gallium Ga 5. 70
Germanium Ge 10. 25
Neodymium Nd 70 21
Ytterbium Yb 1.0 33
Thorium Th 3.0 100
Uranium U 0.1 100

Elements looked for but not used in the statistical study because of
insufficient numerical values

Arsenic As 1000 ppm 0%
Gold Au (spec.) 20 0
Boron B 20 5
Bismuth Bi 10 8
Cadmium Cd 50 0
palladium Pd 2 0
Platinum Pt 50 ppm 0
Antimony Sb 200 0
Tellurium Te 2000 0
Phosphorus P .02 0
Silver Ag 0.5 7
Hafnium Hf 100 0
Indium In 10 5%
Lithium Li 100 0
Rhenium Re 50 0
Tantalum Ta 500 0
Thallium Ti 200 0
Praseodymium Pr 100 0
Samarium Sm 100 0
Europium Eu 100 0

** Missing values were qualified G values, greater than 10%.
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