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PREFACE

The need for minerals is proportional to the 
material wealth and raw material requirement of a nation. 
The prosperity of a particular people depends to a large 
degree on the ability of those people to find, extract 
and utilize the mineral wealth. It has been estimated 
that the amount of minerals consumed between now and 
the turn of the next century will be more than the total 
minerals consumed throughout man’s history.

In the search for new mineralized areas, the 
geologist must apply all possible methods available 
leading to the discovery of new deposits and must con
stantly strive to find new and improved methods. Most 
"grass root" deposits have been discovered and new 
deposits must now be sought below the surface or in 
areas which are covered by surficial or unconformable 
deposits. Surficial and unconformable deposits might 
vary from a thin soil cover to a thick Tertiary-type 
conglomerate.

The prospector’s dream has always been an 
instrument with a dial to select a certain mineral 
or metal. He could then scout areas with surficial
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cover and obtain anomalous Indications over a mineralized 
zone. Various geophysical methods have sometimes come 
close to such a "magic box". Case histories, however, . 
have shown that a thorough understanding of geological 
conditions and environments is essential for the inter
pretation of geophysical data.

With the development of geophysical, geochemical, 
and photogeologic methods and their successful applica
tion to the search of certain types of deposits, 
research in the application of purely geological 
methods has been somewhat neglected. Until the hypo
thetical day of the invention of the one "magic box", 
all possible methods must be tried and evaluated for 
the discovery of new ore bodies. It is up to the 
exploration geologist to select the best combination 
of applicable methods to a particular area and circum
stance.

The following presentation is primarily con
cerned with one very basic method for the study of 
geologic conditions in areas lacking predominant out
crops. As with most exploration methods, it is to be 
considered as one part of a combined geological, geo
physical and geochemical exploration program. Like 
other existing methods of geological investigation,



the applicability is dependent upon the local geological 
environment. Definite and quantitative guidelines of 
any new method can only follow repeated investigation 
in a variety of areas.
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ABSTRACT

A 200 square mile area of pre-Cenozoic sediments 
covered unconformably by the Wasatch formation (Tertiary) 
was investigated with geological reconnaissance, photo
geology, aerial observations, shallow seismic refractions, 
and a quantitative float analysis (pebble count) in 
order to detect inliers. Other possible inlier detec
tion methods are briefly discussed.

Photogeology was not applicable to the detection 
of inliers in this area; aerial observation was of limited 
use. The shallow seismic refraction survey indicated 
no high (>4,000 ft/sec) velocity horizon (bedrock) over 
anomalous float areas except in one, where a higher 
(7,000 ft/sec) velocity layer has been encountered at 
a depth of 38.4 feet. The results of the pebble-count 
samples in the study area indicate: a great variety
of lithologic units; no systematic variation of float 
units, roundness, or sphericity; and in most cases, 
the presence of a small (2-7#) amount of Wasatch forma
tion float fragments. One pebble-count line sample 
outside of the study area indicates a systematic float 
change in respect to lithology, roundness, and sphericity.

xiii



The application of the pebble-count method to 
detect inliers cannot be fully evaluated in the study 
area until more direct observations or additional 
seismic refraction work is completed. Trenching of 
one of the anomalous float areas has not revealed an 
inller.

As an aid in geological investigation, the 
pebble-count method is an applicable exploration tool, 
deserving further testing and demanding additional 
verification by trenching and drilling.



I. INTRODUCTION

A. Purpose and Method of Study

Regardless of the application - unraveling the 
earth's history, scientific curiosity, or economic 
application - it was hoped with this study to devise 
a quantitative geologic method to detect subtle inliers. 
As used in this report, an inlier is an area of older 
rocks, regardless of shape and size, which, on account 
of denudation, is exposed in a surrounding of younger 
rocks. An inlier is similar to a window (German - 
Fenster) except that a window is an erosional feature 
in an overthrust. In this study, the younger rock is 
the Wasatch formation (Tertiary) and possibly young 
rocks. The older rocks are pre-Wasatch sediments. The 
older and younger rocks are separated by an angular 
unconformity.

In conjunction with the field investigation, 
a topographic analysis of the present and pre-Wasatch 
surfaces was conducted in order to determine areas 
favorable for inliers. The main part of the investi
gation consisted of designing and testing a quantitative
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pebble-count method which can be used to delineate 
inliers. Pre-Tertiary outcrops in the area of interest 
are rare, and commonly very obscure in topographic 
expression. Therefore, the investigation had to be 
concentrated on float characteristics. The parameters 
of the pebble-count method include lithology, relative 
abundance, roundness, and sphericity. The pebble-count 
method was done in conjunction with geological field , 
mapping, aerial photography, and aerial observation, 
and in conjunction with shallow seismic refraction 
studies over anomalous float areas.

B. Location of Area Covered

The area of investigation, shown in Figure 1, 
is located in the northeastern part of Rich County, 
Utah. The eastern boundary is the Bear River drainage 
and the extreme western boundary is the Bannock over
thrust (Plate l). Arbitrary boundaries have been 
chosen to the north and south. The area encloses about 
200 square miles which are or are in parts of T. 9 to 
12 N. and R. 5 to 7 E.

Except after a rain when the clay-rich sbils 
become too slippery for a vehicle, access over dirt 
roads is relatively good. Dirt roads are mostly
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parallel to drainages. Sagebrush and grass vegetation 
does not hinder cross-country driving unless deep 
gullies and a steep topography are present.

C. Field Procedure

All field observations were mapped and recorded 
by the pin-hole method on the back of aerial photo
graphs having a scale of 1:20,000. Usually, a new area 
was first investigated from aerial photographs to deter
mine accessibility with a vehicle. Because most drain
ages and roads are in the west-east direction, most 
traverses were conducted east-west or west-east. If 
two adjacent, parallel drainages contained only Wasatch 
outcrops or float outcrops, the ridge between the 
drainages was assumed to be only Wasatch formation.
This assumption proved to be valid when less accessible 
areas were later mapped with the help of a helicopter.

After some familiarization with the character 
of the Wasatch formation, Wasatch outcrops could 
sometimes be recognized by the low dip (6-12° easterly) 
and a characteristic red, purplish-red, tan, or white 
color. Color alone could not be used as a criterion 
to differentiate Wasatch from non-Wasatch formations.
In areas where Wasatch outcrops were not obvious, short



traverses from the access roads usually proved to be 
adequate to check a particular area. No attempt was 
made to map the total extent of an outcrop or sub
outcrop. A sub-outcrop or float outcrop is an area 
where solid bedrock is not exposed at the surface 
but is thought, with reasonable assurance, to be 
directly below the surface. The slope of the surface 
and the relative resistance to weathering determine 
the distance from the surface (sub-outcrop) to bedrock. 
When Wasatch outcrops or sub-outcrops were not found, 
particular attention was paid to the lithology of 
the float. In dubious cases, pebble-count samples 
were collected.

D. Previous Investigation

Except for the extreme southern portion of 
the study area (Plates 1 and 2), the entire area has 
been mapped previously by Richardson (ig4l). The 
actual field work was completed in 1912, although the 
report, U.S.G.S. Bull. 923, was not published until ' 
1941. The area of interest lies in the south-center 
portion of the 15 minute geological map which accom
panies the report by Richardson.



II. GENERAL TOPOGRAPHIC AND GEOLOGIC 
SETTING OF STUDY AREA

An angular unconformity separates the Wasatch 
and younger formations from the pre-Cenozoic and older 
formations. Inliers of older rocks in the Wasatch 
formation are related to the pre-Wasatch lithology, 
tectonism and erosion. The presence of inliers are 
influenced by the lithology of the Wasatch formation,. 
by post-Wasatch tectonism and by erosion. All these 
factors have a certain influence of the location of 
inliers.

A. Stratigraphy and Structure of the Pre-Wasatch
Formations

Exposed rocks of pre-Cambrian to Cenozoic age 
surround the study area to the east in the Crawford 
Mountains, to the northeast in the Laketown Canyon 
area, and to the west side of the Bannock overthrust 
(Plates 1 and 2). Formations of Permian (Phosphoria 
formation, 400 ft), Triassic (Woodside shale 1000 + 
feet, Ankarch shale 600 feet, and Thaynes limestone, 
3,100 feet) and Jurassic (Nugget sandstone 1000 feet,
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and Twin Creek limestone 3,500 + feet) age are of major 
importance to the project, although other formations 
might have to be considered.

Generally speaking, lower Paleozoic strata 
consist of resistant quartzites, massive and thin- 
bedded limestones, and a few shale units. The middle 
and upper Paleozoic strata are characterized by a 
carbonate sequence. Massive dolomites are in the 
lower section and thin-bedded to massive limestones 
are in the middle and upper Paleozoic section. Penn
sylvanian (Wells formation, 1000 feet) and Permian 
(Phosphoria formation) contain massive quartzites, 
calcareous sandstones, oolitic to shaly phosphatic 
beds, and chert, respectively. Characteristic for 
the Mesozoic strata are varicolored shales, calcareous 
sandstones, and thin-bedded limestone units. The 
Cenozoic strata are represented by the Wasatch forma
tion. The total stratigraphic rock sequence of the 
region amounts to a thickness of almost 50,000 feet 
(Mansfield, 1923).

The entire area underwent deformation during 
the Laramide orogeny, causing gentle to tightly folded 
flextures, normal faults, and westerly dipping thrust- 
faults. All structures tend to strike in a northerly- 
southerly direction. The Bannock thrust zone, a



major structural feature, extends for many miles. The 
structural deformation was accompanied by regional 
uplift.

B. Pre-Wasatch Erosional Surface

Due to the lack of drill hole information and 
geophysical data, the irregularity of the pre-Wasatch 
erosional surface, e.g., the surface prior to Wasatch 
deposition, can only be induced by analyzing known 
inliers and the occurrence of known inliers. As 
shown in Figure 2, cross-section A-A’, an elevation 
difference of 760 feet within a horizontal distance 
of one mile exists. In cross-section B-B1, the ele
vation difference is 850 feet in one and one-half miles 
These elevation differences are not necessarily the 
maximum of the topographic differences. A greater 
relief might exist at locations presently covered by 
the Wasatch formation or might have existed in areas 
which were modified by recent erosion such as the 
valley in section A-A', Figure 2.

Section B-B', Figure 2, is on the west side 
or upper thrust plate of the Bannock zone. Since 
the Bannock overthrust occurred before the deposition 
of the Wasatch formation, the areas on the west side
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of the thrust underwent the same denudation, prior to 
Wasatch deposition, as the east side.

Most known inliers occur in present valleys, 
but as is shown in cross-section A-A1, Figure 2, pre
sent hills or topographic highs can be inliers.

C. Lithology and Character of the Wasatch
Formation

The lithology of the Wasatch formation is typi
cal for Tertiary continental deposits consisting of 
conglomerates, sandstones, marls, and stromatolitic 
limestone beds and lenses. The conglomerates are nor
mally red to gray, containing up to boulder-size frag
ments. The lithologies of the pebbles varies from 
locality to locality. Nearly all lithologies of the 
pre-Wasatch formations can be found in the conglomerate. 
The predominant fragments are quartzite, sandstone, 
chert and minor amounts of limestone. The sandstones 
of the Wasatch are characteristically poorly sorted, 
angular, and friable. Basal chert pebble conglome
rates and conglomeratic lenses are common associates 
of the sandstones. Color of the sandstones range from 
light gray, steel gray, reddish brown to dark red.
The sandstones and conglomerates are always cemented



with calcite. The amount of cement greatly varies.
The variation of cementation is reflected by the 
discontinuity and irregularity of Wasatch outcrops 
(Figures 3 and 4). The marls are usually very dense 
and often exhibit a characteristic pinkish-tan color. 
Stromatolitic limestone, the stromatoloids having a 
size range from small pebbles to 3/4 feet in diameter, 
are not as abundant as conglomerates, sandstones, and 
marls.

All rock types appear to grade into each 
other. The exact sequence and relationship between 
the units have not been studied. Conglomerates and 
coarse outcrops are most common. In some areas, 
particularly in the steeper dissected sections in 
the west, marls and stromatolitic limestones form 
occasionally continuous ledges and mesa-type topogra
phic expressions (Figure 5). The calcareous cement, 
color, poor sorting, and approximately horizontal posi
tion are the most obvious characteristics of the 
Wasatch formation.

Rhyolitic tuffs, tuffaceous basal chert con
glomerates and related rocks were assigned by 
Richardson (1941, p. 34) to be intraformational mem
bers of the Wasatch formation. In the area of investi
gation no tuff-Wasatch contacts were observed. The
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Figure 3. Wasatch Conglomerate Outcrops
Notice minor irregular small outcrops in 
the background (arrows). The smaller out
crops are more characteristic for Wasatch 
conglomerate outcrops.
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Figure 4. Wasatch Conglomeratic Sandstone Outcrops
Notice irregular resistant sandstone and 
conglomerate outcrops. Small, southerly 
draining gully exposes scarp-slope of 
gentle dipping beds.
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Figure 5. Limestone Peak Capped by Marl (Wasatch 
Formation) Showing Mesa-type Topography
Gentle rolling topography shows better 
exposed southerly facing slopes. Photo
graph taken from anomalous float area 
(foreground) (Plate 3) looking northerly.



upper contact of the tuffaceous rocks is concealed by 
hill-wash. The tuff-beds have a characteristic whitish 
to gray color, while tuff sub-outcrops may stain the 
soil greenish to gray. Quartz, feldspar, and biotite- 
chlorite are the most abundant minerals. Textures are 
aphanitic to fine-grained. All observed tuff outcrops 
or sub-outcrops are restricted to a relatively narrow 
region having a trend parallel to the Bear River 
drainage (Plate 3).

The maximum thickness of the present Wasatch 
formation in the Randolph area, as determined from 
Plate 1, U.S.G.S. Bull. 923, is about 900 feet. In 
southeastern Idaho, Mansfield (1927, p. 13) determined 
a thickness of up to 1350 feet. The thickness of the 
Wasatch formation at any particular locality depends 
on the pre-Wasatch eroslonal surface and post-Wasatch 
erosion.

In the western and northern regions of the 
study area, large quartzite boulders up to 5 feet in 
diameter occur erratically throughout the area (Figure 
6). The boulders have an extremely smooth surface and 
may have a roundness coefficient as high as 0.9 
(Figure 7 ). The smooth surfaces of the extremely 
hard, dense quartzite could only have been achieved
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Figure 6. Autochthonous Weathered Quartzite Boulder
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by mechanical abrasion. No Wasatch conglomerate has 
been observed to contain boulders of such a size.
These boulders occur over all types of lithologic 
units and topographic positions. Similar erratic 
quartzite boulder occurrences have been reported by 
Smith (1965, p. 36). The size and erratic occurrence 
suggest that these boulders are the result of auto
chthonous weathering.

Possibly at the time of Wasatch deposition, 
fluvial conditions were such that large boulders were 
rolled and abraded along stream channels and deposited 
throughout the area. The areas of the Brigham quartzite 
(pre-Cambrian) outcrops west of the Bannock overthrust 
probably have been the source for the quartzite boulders 
Post-Wasatch erosional conditions were insufficient, 
in respect to gradient and rainfall, to move large 
boulders in appreciable amounts in the horizontal 
direction. Smaller material, marl, and other types 
of boulders, which are susceptible'to chemical weather
ing and frost action, were eroded from underneath the 
boulders leaving the quartzite boulders in their res
pective vertical position. As erosion proceeds, a 
particular quartzite boulder moved more or less in the 
vertical direction only.



D. Post-Wasatch Deposition, Tilting, Erosion and
Present Topography

Younger than Wasatch deposits are limited to 
hill wash and alluvium. The hill wash consists of 
loose, uncemented gravel. The size of the pebbles 
are as large as one foot in diameter while the most 
frequent size is about one-half foot in diameter. The 
lithologies of the fragments are similar to those of 
the Wasatch conglomerates. The more resistant frag
ments, such as quartzite, chert, and sandstones, form 
the most abundant pebbles. In comparison to the 
Wasatch conglomerate pebbles, fragments of the hill 
wash have a higher degree of roundness and sphericity. 
The hill wash deposits.are restricted to the old Bear 
River banks and probably represent reworked fluvial 
deposits. No attempts have been made to determine the 
origin of the hill wash.

Throughout the study area the Wasatch formation 
dips from 9-12° easterly. The easterly dip is thought 
to be caused by post-Wasatch tilting. Except for 
local slumping, no other structural deformations were 
observed in the Wasatch formation.

The present topography slopes toward the east. 
Most streams and creeks drain in an easterly direction.



Areas away from the Bear River, e.g., headwater drain
ages, are more deeply dissected than the areas in the 
vicinity of the Bear River drainage, causing much 
better Wasatch outcrops in the western portions of 
the study area. Minor deflection of small stream 
gullies can be observed around the tuff outcrops (Plate 
3) where the gullies follow the strike instead of the 
dip-slope of the strata. Differential erosion has 
formed hogback or a cuesta-like topography around the 
tuff outcrops.



III. PILOT STUDY OF THE PEBBLE-COUNT METHOD

Field observation and the pre-Wasatch - present 
topographic relationship showed that inliers might 
occur in areas of low topographic relief where bold 
outcrops are essentially absent. To evaluate these 
areas with a geological method, the pebble-count study 
was initiated.

A. Purpose

Any quantitative or semi-quantitative field 
method used to differentiate float boundaries or float 
patterns should preferably utilize parameters which 
are of easily determinable megascopic nature. The 
pilot pebble-count study, a quantitative method to 
analyze float, was therefore undertaken to establish 
these megascopic parameters. The design of a quick, 
efficient method to analyze float sample in the field 
or under field conditions was also one of the purposes 
of the pilot study.

Part of the pilot study was to determine the 
minimum size of a representative sample and the repre
sentative size range of the float. It was also of

21



interest to determine the qualitative background of 
float areas known to be Wasatch float only. Since 
the stromatolitic limestone, marl, and sandstone units 
of the Wasatch formation are of recognizably different 
lithologic character, in comparison to the underlying 
formations, the Wasatch conglomerate float were 
analyzed for background determination.

B. Procedure

After the first few attempts of the pilot 
pebble-count study, it became apparent that the most 
practical and unbiased procedure is to examine all 
fragments exposed within a certain area. This method 
was adopted in order to eliminate any preferential 
collecting. Pebbles exposed to the surface have less 
surface coating than pebbles imbedded in soil. Mete
oric water washes the exposed pebbles and makes litho
logic identification easier. This applies especially 
to the more dense pebbles. Generally, washed, wet 
samples are more quickly analyzed than dry dusty 
pebbles.

Usually a sample was taken by choosing an area 
of uniform float or by throwing an object in an arbi
trary area and collecting the fragments around that



object. The exact location, type and density of 
vegetation, slope, size of area, and special remarks 
were recorded in the field on a specially prepared 
form.

Samples were analyzed and separated into 
practical differential units of similar lithologies. 
The lithology, in respect to rock name, color - fresh 
and weathered, grain size, cement, composition and 
probable formation or relative age, were recorded for 
each fragment group. Often outside staining and 
weathering made identification impossible so that the 
fragment had to be broken. An ordinary pair of pliers 
seemed to be most practical for this task.

External physical characteristics of litholo
gic units were recorded in respect to number of total 
fragments, size distribution, roundness, and spheri
city. Roundness and sphericity were estimated by com
paring the fragments to a roundness and sphericity 
chart (Figure 7). The roundness is expressed as a 
ratio between the average radius of corners and edges 
and the radius of maximum inscribed in a circle 
(Krumbein and Sloss, 1963/ p. 110). The sphericity 
is the ratio between the largest and shortest dimen
sion of a fragment. Each lithologic unit was



subdivided into size groups using the standard Wentworth 
particle size classification as a basis. The groups 
include (a) smaller than pebbles (<5/l6 in.), (b) medium 
pebbles (5/16 - 9/16 in.), (c) large pebbles (9/16 - 
1-1/4 in.), (d) very large pebbles (1-1/4 - 2-1/2 in.), 
(e) small cobbles (2-1/2 - 5 in.), and (f) large cobbles 
(>5 in.). Groups (e) and (f) were analyzed in the field 
to avoid excess weight of samples. Separation between 
small and medium and between medium and large pebbles 
were made with square screens. The screen separating 
large from medium pebbles measured 9/16 In. across a 
side instead of 5/8 in., the more exact boundary of 
the Wentworth scale. Fragments larger than large 
pebbles were separated into size groups by the use of 
a caliper.

C. Results

The average roundness and sphericity of five 
different lithologic float units of the Wasatch forma
tion, i.e., quartzite and sandstone, chert, limestone 
(pre-Wasatch), marl, and conglomeratic cement (Figure 
8) were determined separately of medium (5/16 to 9/16 
in.) and large (9/16 to 1-1/4 in.) pebbles. This part 
of the analysis represents a total of 1500 fragments.
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Figure 8. Average Roundness and Sphericity of Large, 
Small, and Total Size Wasatch Fragment.
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The results of the roundness and sphericity of large, 
small, and the total Wasatch fragments are shown 
graphically in Figure 8. The total roundness and 
sphericity is the numerical average of the sphericity 
and roundness of large and small pebbles.

Quartzite, sandstone, limestone, and chert 
pebbles have approximately the same degree of roundness 
and sphericity. The difference in roundness and spheri
city between the two groups, i.e., quartzite, sandstone, 
chert, limestone (pre-Wasatch), and marl, conglomeratic 
cement, is probably due to the fact that the second 
group underwent no fluvial abrasion. The roundness 
and sphericity of the pebbles of the first group most 
likely reflects the primary mechanical abrasion the 
fragments underwent prior to deposition and lithifica- 
tion. The pre-Wasatch limestone fragments show a great 
variation may be caused by frost action. Some of the 
relatively round and spherical pebbles of the conglo
merate broke up in place by frost action or similar 
weathering. The variation may also be due to an unre
presentative fraction because the limestone portion 
amounts to only 6 percent of the total sample.

In order to determine a representative sample 
in respect to area and number of fragments, two areas



of known Wasatch float were investigated. The results 
are shown in Figures 9 and 10. There seems to be no 
consistent correlation between the number of fragments 
and the average percent value of a lithologic group.
As determined from visual estimation from Figures 9 
and 10, a sample of about 130 fragments seems to be 
sufficient for a representative sample. Fragments of 
the large pebble group show the largest variation. A 
statistical analysis was not conducted.

Fragments smaller than the small pebble size 
were not analyzed. Weathering and surface effects 
are too large in proportion to the size, so that mega
scopic identification is too time-consuming or impossible

At an area of no outcrops and only minor float 
density, three individual samples were taken five feet 
apart at the apexes of a triangle. The great variation 
of these samples shows that there is no "average" back
ground of lithologic units (Figure ll). All samples 
contain approximately 200 fragments each.
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SAMPLE
Area A Area B Area C Average

EXPLANATION
O  Quartzite and Sandstone 
O  Chert 
A  Marl
O  Conglomeritic Cement 
o  Limestone (pre-Wasatch)

Figure 11. Lithologic Variation of Wasatch Float 
in one Particular Area.
Samples of Areas A, B, and C have been 
Taken Five Feet Apart.



IV. APPLICATION OF THE PEBBLE-COUNT METHOD

A. Regional

In conjunction with the regional geological 
mapping the problem frequently arose, if a particular 
area, which contains no outcrops and only sparse float, 
could possibly contain an inlier. Regional pebble- 
count samples were periodically taken to qualitatively 
analyze such an area. The sampling frequency depends 
in such cases on the topography and the distance 
between known Wasatch outcrops.

Samples were also taken in areas which appeared 
to contain float different from typical Wasatch float.
A qualitative float analysis could evaluate these 
areas more accurately than visual estimation. This 
applies particularly to areas which contain an unusually 
high amount of angular fragments.

B. Local

Once anomalous float areas have been recognized, 
these areas have to be evaluated in respect to extent 
and possibly existing trends. With a thorough familiar
ity of float types, boundaries can be mapped in

31



conjunction with the geological mapping much easier 
than float trends or patterns. The mapping of float 
patterns are apt to be preferentially influenced by 
certain color or size fragments. For instance, a bright 
red fragment is more easily detectable than a fragment 
having the same color as the soil. To eliminate this 
human factor, an arbitrary periodical pebble-count 
analysis seems to be the remedy. The collection of 
fragments along a line was chosen according to geologic- 
topographic conditions and not according to predeter
mined constant sample intervals.

C. Results

On a regional basis, non-outcropping float areas 
could, with reasonable assurance, be disregarded as 
being potential inlier areas. The results of one of 
these types analysis are shown in Figure 11. Although 
there is a considerable percent variation of the indi
vidual lithologic units, especially of areas A and B, 
Figure 11, the important fact is that all fragments 
are of the Wasatch formation. The presence of conglo
meratic cement fragments, a relatively easily eroded 
lithologic Wasatch unit, is most likely caused by 
underlying Wasatch conglomerate. The percent variation
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of the lithologic units may be caused by vegetation 
and animal effects and by local variations of the 
conglomerate.

A pebble-count sample was collected 140 feet 
downslope (slope angle 4°) of an area (6-8 feet in 
diameter) containing an anomalous high amount of pre- 
Wasatch limestone fragments (Figure 12). The sample 
was collected at the first indications, by visual 
estimation, of no limestone fragments. The results 
are shown in Table 1.

Table 1. Pebble-Count Float Analysis Downslope of 
Anomalous Limestone Float Area.

Number
Percent of 
Frag- Frag- Round-

Rock Name Age ments ments ness Sphericity
conglomerate
cement Tw 37 67 .2 .5
quartzite and 
sandstone of Tw* 57 102 .6 .6
Chert of Tw 6 10 .2 .5

100 179

* of Tw = fragments derived of Wasatch formation, 
usually of the conglomerate.

On a regional basis, the results are of signifi 
cant interest: (a) none of the fragments are of a
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Figure 13. Wasatch Float Adjacent to Anomalous Lime
stone Float.
Figure 12 contains limestone fragments of a 
low degree of angularity and sphericity while 
Figure 13 contains no angular fragments.
Blue fragments in Figure 13 are chert pebbles.
Pictures were taken 15 feet apart.



pre-Wasatch formation, (b) no angular limestone frag
ments, and (c) the relatively short distance (downslope) 
between the anomalous float area and sample site. The 
horizontal distance between anomalous float area and 
typical Wasatch float is only 15 feet (compare Figures 
12 and 13).

Regular geologic mapping of the northern part 
of the anomalous float area (Plate 3) revealed no 
definite float patterns or trends. By visual inspec
tion there seems to be a small decrease of chert float 
from west to east. A pebble-count line (line 14-14', 
Plate 3) analysis shows no systematic decrease of 
chert in this direction, although the opposite, i.e., 
an increase of chert from west to east, might be 
inferred. The percent chert variation might also be 
due to experimental uncertainty since chert is only 
less than 6 percent of the total fragments. Except 
for an increase of shale and possibly a decrease of 
limestone (total), there are no systematic changes.
The results are shown in Figure 14. Sample 14-a,
Figure 14, is downslope of the anomalous float area 
contact and the Wasatch formation. As had been 
expected, marl fragments (Tw) do decrease crossing 
the contact between samples 14-a and 14-b. Somewhat



PE
RC

EN
T 

FL
OA

T 
FR

AG
ME

NT
S

SAMPLES

No.l4-a No.l4-b No.l4-c No.l4-d No.l4-e No.l4-f No.l4-g No.l4-h

EXPLANATION

o marl (of Wasatch)
• quartzite (of Wasatch) 
o sandstone (of TRt?)
▲ chert (of Cpr)
□ limestone, crystalline (T^t?) 
x limestone, aphanetic (T̂ fc?)
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Figure 14. Graph of Float Samples Taken Across Anomalous
Float Area Showing Percent Variation of Different 
Lithologic Rock Types (line 14-14', Plate 3).



surprising, however, is the persistence of the marl 
fragments (average 2-3 percent) in samples 14-b through 
14-h. In respect to the present topography, Wasatch 
marl float could not have moved downslope on the anoma
lous float area, since the anomalous float area forms 
a topographic high.

Table 2 shows the different lithologic units 
and possible formation of float of the northern part 
of the large anomalous float area, e.g., along line 
14-14'.

Analysis of samples taken across the scarp 
slope of the southern part of the large anomalous float 
area (Plate 3; Figure 15) also show no regular float 
increase or decrease of lithologic units. The results 
are summarized in Figure 16. From a distance, the 
area has a cuesta-like topographic expression (Figure 
15). Samples 16-e and 16-f were taken 5 feet apart 
on top of the ridge. As shown in Figure 16, there is 
a noticeable variation of the sphericity of the lime
stone fragments.

Pebble-count samples of line 10, Figure 17, 
were taken across an anomalous float area outside of 
the thesis area. Compared to line 14, Figure 14, and 
line 16, Figure 16, the float units increase or decrease



38
Table 2. Rock Types and Possible Formation of Float

From the Large Anomalous Float Area (Northern 
Part).

Rock Type Possible Formation

1. sandstone (a) red, well-sorted, 
fine-sand 
non-calcareous

Nugget?
Woodside??
Wells?

(b) friable, coarse, 
white

Wells?Woodside??
Thaynes??

(c) (minor) gray and
white, cross-bedded, 
non-calcareous

Wells?
Woodside?
Thaynes??

2. shaly limestone and limy shale Thaynes? 
Woodside?•

3. limestone (minor) "chippy", light 
blue-gray, lithographic

Twin Creek? 
Thaynes?

4. limestone, oolitic Twin Creek? 
Thaynes?

5. limestone, crystalline, fossili- 
ferous

Thaynes

6. chert, light to black, phosphatic Phosphoria (Rex 
member)

7. limestone, siliceous, crystalline, 
fossiliferous (siliceous)

Phosphoria (Rex 
member)

8. phosphate, black, oolitic Phosphoria
9. limestone, blackish, phosphatic, 

lithographic to very fine 
crystalline

Phosphoria ("middle 
silts" of phosphate 
horizon)



Figure 15. Cuesta-like Topographic Expression of Southerly Part of Large 
Anomalous Float Area (looking southerly).
Notice the two dark red bands on the scarp slope indicating 
bedding.

= Pebble-count sample line across scarp slope.
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systematically, particularly the limestone and sand
stone units. The sudden appearance of sandstone (of 
Tw) and mudstone (of pre-Tw) apparently reflects a 
contact. The striking parallelism between the sandstone 
and the limestone in respect to both roundness and 
sphericity and the low degree of roundness (0.2 + .05) 
of these units might indicate relatively short trans
portation of these fragments. The much greater systematic 
change of lithologic units, parallelism of roundness and 
sphericity is interpreted that this anomalous float area 
represents the float of an inlier.



V. CONVENTIONAL METHODS USED FOR THE 
DETECTION OF INLIERS

A. Geological Reconnaissance

No attempt was made to produce a complete geo
logical map of the area of interest. Plate 1, Areal 
Geological Map, shows the definite occurrence of Wasatch 
formations, the occurrence of anomalous float areas, 
and the regional geological setting. Plate 2, Topogra
phic Map, shows the corresponding topography of the 
area. Geological mapping was concentrated around areas 
accessible by vehicle. Potential inlier areas, i.e., 
areas favorable from topographic analysis, not accessible 
by vehicle were Investigated by foot traverse. The 
geological observations were recorded on black and 
white, vertical aerial photographs having a scale of 
1:20,000.

The reconnaissance stage of the investigation 
revealed anomalous float areas to the north and south 
of known inliers (Plates 1 and 3). As shown on Plate 
3# the lithology of the float of most of these areas 
resemble the lithology of the Thaynes (Triassic) forma
tion most closely. Minor Phosphoria formations, chert
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and phosphate fragments. Insufficient to be reflected 
in the pebble-count analysis, is present in the indi
cated areas. The long, narrow float area immediately 
north of the large anomalous float area, Plate 3, 
consists of discontinuous patches of blue-gray aphanetic 
and oolitic limestone float. Pebble-count samples were 
not collected because some of these limestone float 
areas appear to contain no other lithologic float frag
ments. In comparison to the Wasatch derived float, 
these blue-gray limestone fragments have a noticeably 
lower degree of roundness and sphericity. Most frag
ments are smaller than small cobbles (2-1/4 in.).

In the southern area, approximately one mile 
west of Woodruff, Plate 3# an anomalous float area of 
lower Triassic float (Thaynes limestone, Woodside 
shale?), forms a roundish topographic high (Figure 
18). Bulldozer trenching on top of the knob completed 
after this author’s field work, revealed "boulder 
limestone beds with maroon mudstone matrix interbedded 
with maroon mudstone beds" (Bear Creek Mining Company, 
personal communication). The results of the pebble- 
count analysis of a sample taken on top of the knob 
are shown in Table 3. Visual Inspection showed that 
the float is exclusively made up of pre-Wasatch
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Figure 18. Anomalous Float Area.
Topographic high, right knob (arrow) 
Thaynes limestone (Woodside shale?), 
left knob contains hill wash only.

contains
while



Table 3. Pebble-Count Float Analysis From Anomalous Knob

Rock Name Age Percent
Fragments

Number
of

Fragments
Roundness Sphericity

limestone (undiffer
entiated) pre-Tw 73 111 .4 .2
shale, carbonaceous pre-Tw 12 19 .2 .1
sandstone pre-Tw 7 11 .5 .3
calcite ? 2 3 .6 .3+
chert 0 1 2
marl of Tw* 2 3 *7+ •5±
sandstone of Tw* 1 2
conglomeratic cement of Tw* 1

- .98 152

* of Tw = fragments of the Wasatch formation, total = 5 percent

-fcr
G\



fragments, but 5 percent Wasatch float (Table 3) is 
present in the pebble-count sample.

B. Aerial Photogeology and Aerial Observations

At the outset of the field work parts of the 
area of interest were examined on aerial photographs.
The photographic expression of known pre-Wasatch 
inliers, particularly those west to north-west of 
Woodruff (Plates 1 and 3) was used as a photogeology 
pattern. Field checking of areas having similar photo
graphic patterns were found to be of the Wasatch 
formation. None of the areas chosen from aerial 
photographs as being potential inliers were, after 
field checking, found to be inliers or areas of anoma
lous float. For this reason, the use of aerial photo
graphy as a tool to find inliers was discontinued.

Aerial observation with a fixed wing plane 
and helicopter proved to be of great value. Unfortu
nately, the aerial observations were conducted at the 
end of the reconnaissance investigation rather than 
at the beginning, after thorough familiarization with 
the local geology. Plane observation from about 1500 
feet revealed a color change of the large anomalous 
float area (north-west of Woodruff) mapped by Richardson



as a Thaynes inller. The cuesta-like topographic 
expression (Figure 15) of the southerly area of the 
large anomalous float area (Plate 3) was first recog
nized from the air. The smaller anomalous float areas, 
although known at the time of the flight, were not 
recognizable from the air. The ground observations of 
better exposures of southerly facing slopes, and the 
steeper dissected topography and better rock exposures 
towards the west of the area of interest are readily 
apparent from the air.

Inaccessible areas between previously mapped 
ground traverses were checked by helicopter observa
tion. The very subtle difference between anomalous 
float areas and Wasatch float necessitates actual 
ground inspection or slow flight as low as possible 
above the ground. The assumption that a ridge between 
two adjacent drainage slopes containing only Wasatch 
outcrops is also Wasatch formation, proved to be valid. 
No additional anomalous float areas were found with 
the helicopter observation.

C. Shallow Seismic Refraction Survey

The northern part of the large anomalous float 
area (Plate 3) contains float of formations separated



stratigraphically at least 1000 feet (Phosphorla 
formation, Woodside shale <1000 feet, Richardson,
1941, Plate 4> to Thaynes limestone) and possibly 
as much as 4,500 feet (Phosphorla formation, Woodside 
shale, Thaynes limestone <2,600 to 3,100 feet, Mansfield, 
1923, p. 87>), Ankareh shale (600 feet, Richardson,
1941, Plate 4) to Nugget sandstone). This great 
stratigraphic variation of the float might indicate 
that the float does not represent underlying pre- 
Wasatch formation lens. The application of the shallow 
seismic refraction survey was therefore thought to be 
of value to determine (a) the depth to bedrock at points 
where the outcrops are thought to be closest to the 
surface, i.e., at ridges, and (b) the nature or velo
city of the bedrock.

The seismic survey was completed with Model 
117 Seismic Timer equipment manufactured by Dyna Metric, 
Inc., Pasadena, California. The instrumentation con
sists of a sledge hammer and striking plate, a transis
torized self-powered timer capable of recording time 
directly in milliseconds, and two geophones. The timer 
is accurate to one millisecond. For reverse profiling, 
the sledge hammer and two geophones are connected to 
the timer. The direct-reading interval counter is



triggered out by the hammer blow which also creates 
a seismic wave and the timer is stopped by the first- 
wave arrival at one of the geophcnes. Readings can 
be taken for one geophone at a time only.

A total of nine reversed lines were surveyed.
The length of the lines varied between 100 and 150 
feet. At each line, readings were taken at 10 foot 
intervals. At each new hammer impact station at least 
three constant readings were taken for each geophone. 
Variations of three to four milliseconds were common, 
especially if the distance between geophone and hammer 
exceeded 30 to 60 feet. At some stations, especially 
when the distance between hammer and geophone increased 
to 80 to 120 feet, it was impossible to obtain the 
first-wave arrival times. Dry, "puffy", thick, clayey 
soils gave rise to greatest variation in readings and 
caused most difficulty in obtaining consistent readings. 
The last line was surveyed after a rain, which produced 
a 3 to 4 inch wet soil. This line had the smallest 
time variations. Only three days could be allowed to 
the seismic survey.

The field data were plotted on time-distance 
graphs. Figures 19 and 20 show the graphs of two such 
reverse lines. Apparent velocities are obtained from
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Figure 19. Time-Distance Curves of Refraction Pro
files of Line SS-3
Notice second and third arrival points. 
Slope of line is 1/velocity. X is cri
tical distance for depth calculation.
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the slope of the curves. True velocities, distances 
to interfaces, and dip (apparent) of interfaces are 
calculated from conventional formulas as follows.

From Figure 19 (SS-3)

left curve (down dip) Right curve (up dip)
V1 = 1000 ft/sec V1 = 1040 ft/sec

V2d = 2285 ft/sec = 3660 ft/sec

xc = 56 f t Vc = 79 f t

The velocity of the first horizon is the arithmetic 
mean velocity or 1020 + 20 ft/sec. The angle between 
the surface and dip of interface is computed from the 
equation

cX = 1/2 (sin ^ - sin  ̂ vr— )
v2d v2u

where and V2u are the down dip and up dip veloci
ties, respectively.

■*- V 2  (sin-1 | | §  - sin"1 ^|§) = 5.

The true velocity of the second horizon is calculated 
from the following relationship:
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sin i

where ic is the angle between the perpendicular of the 
sloping interface and ray path (Dobrin, i960, p. 8l).

1c l/2(sln~l + sin”1 23.3°

and

V = = 2540 ft/sec
d sin 23.3°

For dip angles less than 10°, the depth to the 
first horizon can roughly be computed from the regular 
depth formula (Phelps, i960, p. 28).

d
- V 
T~V

1
1

for the left curve

d1 rs 56 rf l 2285 - 1020 
2 1^ \ 2285 + 1020 = 17.6 ft.

for the right curve

3660 -  1020 
IbbO + 1020 29.3 ft
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and

29.3 + 17.6lave 23.5 + 5.8 ft.

The locations of the seismic lines, except 
line SS-6, are shown on Plate 3. Line SS-6 is located 
in the center of NW 1/4 of T. 9 N., R. 6 E., Plate 1. 
The results of the seismic survey are tabulated in 
Table 4.

The relatively low velocity (50 percent lower 
than 1000 ft/sec) of the first horizon reflects the 
dry, clayey soil characteristic for an arid climate. 
Contrary to expectation, the velocity of the second 
horizon over the large anomalous float area (lines SS-1 
through SS-5 and SS-9) is only less than 4000 ft/sec 
(Table 4). Of these lines, only line SS-2 clearly 
shows a break between a second and a third horizon, 
but the true velocity is only 3200 + 50 ft/sec. These 
low velocity ranges clearly indicate that a pre-Wasatch 
bedrock has not been encountered. Depth to the higher 
velocity horizon ranges from 3.8 + 0.5 feet (line SS-4) 
to 26.1 + 1.0 feet (line SS-l). For the lines SS-1 
through SS-5 and SS-9, the angle between the surface 
and dipping horizons is less than 5.2°. Although these



Line Length
No. Direction Surface Slope (ft)

SS-1 N 65° E 1-3° E'ly 150

SS-2 N 10° E 2° N'ly 120

SS-3 N 65° E 1-3° E'ly 120

SS-4 N 55° E 6-8° E'ly 120

Table 4. Results of the Seismic Survey

Surface Conditions

line starts at crest of dip slope: 
up to boulder size limestone (T^t), 
chert (Cp), and siliceous limestone 
float; size and density of float 
decreases towards east; vegetation 
(sagebrush and grass) increases 
toward east; over northern part of 
large anomalous float area (Plate 3)
as line SS-1

as line SS-1 (continuation of line 
SS-1 towards the east)

up to 1 ft. in diameter float; 
mainly limestone (TRt) and shaly 
limestone; no vegetation except last 
two stations; over southern part of 
large anomalous float area (Plate 3)



Table 4. Results of the Seismic Survey-

Line
No.

SS-1

SS-2

SS-3

ss-4

Results

1300+150 ft/sec 
00+50 ft/sec 
26.1+1.0 ft/sec

V,lave
V2* = 4000+50 ft/sec
dlave q 
oc <luE'ly

Vlave = 1075±75 ft/sec 
V2 = 2050+150 ft/sec 
V3 = 3200+50 ft/sec 
dlave = 7.5+2 ft
dp* = 23.7 ft 
c* <2°E * ly
Vlave = 1020+20 ft/sec 
v2 = 2540 ft/sec 
Dlave = 23.5+5-8 ft/sec 
tx = 5.2° NE'ly 
Vlave = 800±100 ft/sec 
V2 = 2200+400 ft/sec 
V3 = 4400 ft/sec(?)
D = 3.8+0.5 ft/sec 
o(<0.5°E'ly

Remarks

vertical disconformity at 70 ft?; 
second and third arrival at both 
ends?; data somewhat erratic

data shooting N 1ly erratic

second and third arrival shooting 
SE'ly

second arrival shooting SE'ly



Table 4. Continued

Line Length
No. Direction Surface Slope (ft)

SS-5 N 10° E 3-4° E'ly 100

SS-6 S 35° W 12° W'ly first 100
25 feet, then 
horizontal

SS-7 N 70° E approx, hori- 120
zontal

Surface Conditions

same as line SS-4 but smaller float 
(large pebble size); 1 ft. high 
sagebrush vegetation

first 25 ft. over known limestone 
(Jtc) outcrop; outcrop densely 
fractured; strike N 15° E, dip 
85° W'ly; remainder of line over 
old stream channel covered with 
clay-soil and 4-5 ft. high sage
brush
limestone (Jtc?) float <0.5 ft., 
vegetation absent



Table 4. Continued

Line
No. Results

SS-5 Vlave = 750+^0 ft/sec 
V2* = 3800+100 ft/sec
dlave = 4.%:2.1 ft 
oc <2.5°N'ly

SS-6 V^r = 2800 ft/sec (over outcrop) 
V u  = 700 ft/sec (over clay-soil) 
V2*left = 3400 ft/sec 
V3*left = 10'70O ft/sec

SS-7 Vlave = 975+75 ft/sec 
V2 = 3250 ft/sec 
V3 = 7400 ft/sec (est.) 
dlave = 16.7+1.9 ft
d2ave - 38.4+3.9 ft
oC = 3.5°SW'ly

Remarks

vertical disconformity between 60 and 70 feet

outcrop relatively small; true 
velocity of third layer less than 
10,700 ft/sec since line is shot 
up-dip; data very complex

5x10**3 difference in travel time 
between end stations shooting in 
both directions over same area



Table 4. Continued

Line
No.

SS-8

Length
Direction Surface Slope (ft) Surface Conditions

N 60° W approx, hori- 120 similar to line SS-7 
zontal

1-2° E'lySS-9 N 65° E 140 similar to line SS-1; up to 3 foot 
high sagebrush



Table 4. Continued

Line
No. Results Remarks

SS-8 Vlave = 920+20 ft/sec 
V2 = 2760 ft/sec
dlave = 11.75+0.25 ft/sec 
c< = 1.5°NW»ly

second arrival at last 6 stations 
shooting SW'ly

SS-9 Vlave = 1°25±25 ft/sec 
V2 = 3400 ft/sec

vertical disconformities between 
70 and 110 feet?

dlave = 7.5+4.5 ft 
dL = 4.6° NE'ly

Explanation:
ave = average

= velocity of first layer 
Vg = velocity of second layer 

= velocity of third layer 
= angle of interface and surface 

d^ = distance from surface to interface 
* = apparent velocity or distance



angles are not necessarily the maximum angle of.inclina
tion, because the maximum angle of inclination can only 
be obtained from a line perpendicular to the strike or 
from two non-parallel lines, no substantial variation 
from the obtained results is expected. The heteroge
neous surface condition in respect to seismic velocities, 
i.e., clayey soil (700-900 ft/sec) and limestone (11,000 
to 20,000 ft/sec after Dobrin, i960, p. 22) and chert 
boulders very likely continues in the subsurface causing 
disconformities and erratic seismic data.

The apparent velocity of the limestone inlier 
(line SS-6 Jtc, Plate 1; Table 4) is 10,700 ft/sec.
The true velocity is less than 10,700 ft/sec because 
the line was shot up-dip. This rather low velocity 
for a limestone is probably caused by the intense frac
tures in the limestone. The results of line SS-7 
indicate that the highest velocity of 7400 ft/sec might 
be in the range of the known inlier (line SS-6), i.e., 
pre-Wasatch limestone. Unfortunately, time did not 
permit determination of the velocity ranges of differ
ent Wasatch units (sandstone, conglomerate, and marl) 
in order to compare the velocities with the velocity 
of the pre-Wasatch limestone. Thd extremely dense 
fractures of the pre-Wasatch limestone (Jtc) probably



necessitates shooting seismic lines parallel and per
pendicular to the fractures in order to determine if 
the fractures caused a substantial difference in velo 
cities. .



'...

VI. SUMMARY AND CONCLUSIONS OF THE 
FIELD INVESTIGATION

Aerial black-white photography, the most obvious 
method for the detection of inliers, failed to be 
applicable. The subtle lithologic and possibly struc
tural difference does not show any recognizable change 
in photo tone or pattern over anomalous float areas. 
Aerial observations are useful for the detection of 
regional and possibly structural trends, topographic 
expressions, and selecting potential inlier areas 
based primarily on subtle color changes and anomalous 
topographic expressions. Small, anomalous float areas 
have to be investigated from the ground.

Conventional geological mapping in this parti
cular problem is a too crude and too inaccurate method. 
The lack of pre-Wasatch outcrops, great variation of 
lithology, and the alikeness of the lithologic units 
of the Wasatch conglomerate pebbles and of the pre- 
Wasatch formations are the primary factors which make 
the detection of inliers difficult.

The results of the pebble-count studies are 
both encouraging and complex. Quantitative physical
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properties, mainly roundness and sphericity, definitely 
show contrasts between the regular Wasatch float and 
the anomalous float areas. Pebble-count line surveys 
of lines 14-14' and 16-161 failed to establish any 
definite patterns, although line 10-10' shows a syste
matic change of lithology, roundness, and sphericity. 
The presence of Wasatch fragments, 5 percent on anoma
lous knob (Table 3, Figure 18) and 2 to 3 percent along 
line 14-14' (Figure 14) is an unexpected result. More 
than two pebble-count lines and larger samples very 
likely do not increase substantially in the addition 
of new Information concerning float trends. A statis
tical analysis of the great variety of float (Table 2) 
of the northern part of the large anomalous float area 
might indicate that a truly representative sample would 
be prohibitively large.

The shallow seismic surveys failed to give the 
expected results. Over the large anomalous float area 
(Plate 3) no high-velocity horizon (solid bedrock) was 
encountered to depths greater than 38 feet. More 
powerful equipment and velocity investigations over 
the known Wasatch units and the Twin Creek limestone 
would be helpful in analyzing the anomalous float 
areas with seismic refraction.



To determine if the anomalous float areas re
present inliers or are the product of an anomalous 
Wasatch unit, it is well to examine the conditions 
favorable for inliers. The conditions in Table 5 are 
tabulated in decreasing order of Importance.

•Obviously, the direct observations in the bull
dozer trenches are the strongest evidence for the 
anomalous float areas not being inliers, provided the 
trenches in the knob bottomed in Wasatch bedrock. The 
angularity and concentration of the anomalous float areas 
could alternatively be the result of in situ fragmenta
tion or weathering. Frost action and expansion accom
panied by crystal growth of salines, a process 
characteristic in dry climates where waters containing 
salt in solution are drawn in a boulder by capillary 
action, could have caused this fragmentation. A.Wasatch 
conglomerate horizon relatively abundant in limestone, 
sandstone, and shale cobbles, could have caused the 
anomalous float areas on a large scale as one lime
stone boulder caused anomalous angular limestone float 
in Figure 12 on a much smaller scale.

If direct observations (trenching, drilling) 
or extensive seismic refraction prove that none of the 
anomalous float areas are inliers, then the pebble



Table 5 Observations of Anomalous Float Areas 
Unfavorable or Favorable for Inliers

Unfavorable for Inliers Favorable for Inliers

-observations in bulldozer 
trenches, if the limestone 
boulder beds, etc., are in 
primary Wasatch formation 
rocks
-angular limestone fragments 
in one restricted area 
(Figure 12)

-lack of shallow seismic 
refraction survey over large 
anomalous float area (SS-1 
to 5, 9) to reach a high 
velocity horizon
-presence of Wasatch fragments 
in anomalous float areas.
-apparent lack of pebble count 
lines (Figures 14 and 16) to 
show any systematic changes in 
float
-apparent very large strati- 
raphic variation of float 
Table 2)

-lack of pre-Wasatch outcrops
-anomalous float areas at sides 
of slopes and the large con
centration of anomalous float 
areas
-dip of cuesta-like topographic 
expression similar to the dip 
of the Wasatch formation

-markedly different litho
logy of float
-cuesta-like topographic 
expression
-exclusive, blue-aphanetic, 
"chippy” limestone areas
-different (lower) round- 
ness and sphericity of 
anomalous float
-Irregularity of pre- 
Wasatch topography
-lack of observing angular, 
low sphericity fragments 
in Wasatch conglomerate 
in situ
-lack of source and trans
portation medium to 
deposit angular, anoma
lous float



count method is not able to differentiate between 
inliers and anomalous Wasatch float areas. If the 
southern part of the large anomalous float area 
(Figure 15) and sample area of line 10-10' (Figure 
17) where the pebble-count analysis failed to show 
any Wasatch fragments (Figures 16 and 17) actually 
prove to be inliers, the pebble-count method is a 
successful tool in the area of investigation in differ
entiating inliers from anomalous float areas.

The applicability of the pebble-count method 
as an exploration tool probably depends on the geolo
gical environment of a particular area. The greatest 
value of the method appears to be that it forces the 
investigator to analyze quantitatively all float 
fragments, thereby eliminating some of the human 
factors in geological mapping.



VII. OTHER POSSIBLE METHODS FOR THE
DETECTION OF INLIERS

Methods applicable for the detection of inliers 
may be either direct or indirect. Direct methods are 
the most desirable because, except for seismic refrac
tion, they may reveal additional data such as lithologic 
character and attitude and thickness of strata. Besides, 
direct observations are most reliable. Indirect methods 
are based on physical or chemical differences.

A. Indirect

A geochemical survey conducted in order to 
differentiate inliers could only be used if there would 
be a detectable difference in abundance of an element 
between an inlier and the non-inlier rocks or soils.
In the area of interest this geochemical difference 
would very likely not be present. The Wasatch forma
tion is made up of possibly all the lithologic units 
which could also be inliers.

Similarly to the geochemical situation, the 
magnetic contents of the rock units involved in the 
study area are not expected to be different between



the Wasatch and the non-Wasatch formations. A magnetic 
survey, therefore, would not be applicable here.

Although shallow seismic refraction surveys 
have been applied to a limited extent, more powerful 
but still portable seismic equipment could be tried. 
Instrumentation similar to the Electro-Tech Recording 
Interval Timer, utilizing dynamite for the creation of 
a seismic shock wave and 12 pick-up geophones for 
simultaneous recording, could easily penetrate to 
bedrock - Wasatch or pre-Wasatch. As pointed out above, 
for comparison, seismic velocity investigation of the 
different lithologic Wasatch units should be included 
in such a survey.

Of the indirect methods, a gravimetric survey 
would probably reveal the most general picture of 
inlier and non-inller areas. The advantage of a gravi
metric survey would be that areas with thin Wasatch 
cover or areas which are almost inliers, could be deli
neated. The disadvantage is that anomalies are most 
indirect observations. The most influential factor of 
a gravity survey is the determination of a density 
contrast between the Wasatch and the pre-Wasatch 
formations. Stewart (1958) determined a density con
trast of 0.5 g/cm^ between the Tertiary sediments



(marl and tuffs) and the pre-Cambrian metasediments 
on the west side of the Wasatch range. In the study 
area, the density contrast would be less than this, 
because the pre-Wasatch rocks have not undergone the 
minor metamorphism and the average density of the 
Wasatch formation might be slightly higher.

B. Direct

Exposures by trenching, mechanical or non
mechanical, is the best method to examine areas lacking 
outcrops. This method enables in situ observations. 
Other vital information, such as the lithologic char
acter, attitude, and strata thicknesses, may also be 
obtained. The great disadvantage of trenching.is the 
disturbance and destruction of the surface. Trenching 
also has limitations in respect to depth penetration. 
Mechanical trenching is restricted to areas accessible 
with the particular mechanical equipment to be used, 
while non-mechanical trenching can be conducted in 
inaccessible areas, but has much greater depth penetra
tion limitations.

Core samples obtained from diamond drilling 
also enables direct lithologic observation of a rela
tively small area. Strata attitude and thickness may



be calculated. Disadvantages of core drilling include 
possible poor core recovery and possible incorrect 
interpretation if, for instance, a large pre-Wasatch 
boulder within the Wasatch conglomerate is interpreted 
as being a pre-Wasatch formation. The applicability 
of a portable, hand-held drill depends on the nature 
of the overburden, the equipment used, the operator's 
skill, and the desired or projected depth penetration.
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