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PRELIMINARY REPORT ON
CORRELATION BETWEEN GAMMA-RAY LOGS AND PERMEABILITY LOGS
OF THE ORE-BEARING SANDSTONE IN THE MORRISON FORMATION

CALAMITY MESA, MESA COUNTY, COLORADO
By
David A, Phoenix
INTRODUCTION

A study of the hydrologic properties and geologic relations of the
ore-bearing sandstone in the Salt Wash sandstone member of the Morrison
formation has been undertaken because uranium and vanadium are believed
to have been introduced into the sandstone by circulating ground water,

This report desqribes the geologic and hydrologic characteristics
of the ore-bearing sandstone as determined in the core samples from three
diamond- drill holes on Calamity Mesa, Mesa County, Colo., and correlates
these data with localized gamma--ray activity detected in the three drill
holes, These data are illustrated on figure 1 by the combined geologic,
permeability, porosity, and gamma-ray logs.

This study is part of the program of geologic studies on the
Colorado Plateau conducted by the Geologiéal Survey on behalf of the Atomic
Energy Commission., This preliminary report describing the results of this
study has bensfited from the suggestions and criticisms of L. B. Riley of

the Geological Survey.
GENERAL GEOLOGY

The Salt Wash sandstone member of the Morrison formation is composed

of alternating strata of sandstone and finer-grained sediments, By common
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usage, the term "mudstone" has been adopted for the finer-grained sedi-
ments, The sandstone strata commonly, although not invariably, occur in
groups., The topmost group of these sandstone strata in the Calamity Mesa
area is the "ore-=bearing sandstone",

The ore=bearing sandstone contains as many as four sandstone strata
that are separated by strata of mudstone. The sandstone strata are broadly
lenticular and range in thickness from a feathef edge to about 26 feet
near their central portions, Loecally, the thick parts of iwo or three
sandstone strata are superimposed and the contact between them is a dis=
conformity, but generally each sandstore stratum is separated by a mud-
stone stratum ranging from a few inches to nearly 17 feet in thickness,

The total thickness of this group of sandstone and mudstone strata ranées
from 35 to 75 feet. The probable position of the contacts separating the
strata is shown on the geologic logs (figo'l), .The geologic logs of core
samples from drill holes CA-254 and CA-635 iilustrate the thick ore-bearing
sandstone composed almost entirely of strata of sahdstpne. The geologic
log of core samples from drill hole CA=269 illustrates the ore=bearing
sandstone where the sandstone strata are thin and separated by thick strata
of mudstone,

Beds, distinguished from each other by changes in the physical
pfoperties of the sediments, are contained within the strata of the ore=
bearing sandstone. A sandstone stratum may contain only one or as many as
five beds of light colored, medium- to fine—grained sandstone with poorly
defined inclined or horizontal laminae. Concentrations of clayey siltstone
occur as seams, films and pellets and separate the beds locally. The mud-
stone strata are composed of beds of darkacoloreds abundantly laminated,
fine-grained sandstone, darkmcolored.siltstones and dark=-colored clayey

siltstone, Commonly, a bed of clayey silitstone is at the top of a mudstone
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stratum, This bed of clayey siltstone, where it underlies the ore-bearing
sandstone; has been called by the exploration geologists the "basal mud-~
stone", The beds in the strata of the ore-bearing sandstone range in thick-
ness from 6 inches to 11 feet in the three holes that are illustrated by the

geologic logs on figure 1.
PERMEABILITY AND POROSITY

The most permeable beds of the ore-bearing sandstone, as shown by
the permeability logs, are those within the sandstone strata. Beds in the
lowermost sandstone stratum of the ore-bearing sandstone, however, are
usually well=-cemented for as much as 16 feet above the basal mudstone and
therefore are nearly impermeable, In some places sandstone near the top
and bottom of a bed is less permeable than sandstone near the middle of
the bed, and this change in permeability helps to distinguish one bed from
another., | | |

Not all the beds, however, are so characterized, Some of them exhibit
changes in permeability that are due partly to progressive textural changes
or to local concentrations of cementing materials. Concentrations of
impermeable clayey siltstone as seams; films, and pellets locally separate
the beds and further help to distinguish one bed from another.

The beds of clayey siltstone that compose a large part of the mud-
stone strata are impermeable and other beds within the mudstone strata are
almost impermeable,

| On the basis of the three permeability logs, the ore=bearing sand=-
stone on Calamity Mesa is composed of alternating strata of permeable sand-
stone arnd impermeable mudstone., Commonly, the permeable strata are sep-
arated by strata containing impermeable or almost impermeable beds, but

locally the permeable strata compose almost the full thickness of the ore=-



bearing sandstone.,

The porosity of the beds in the orewbearing sandstone is charace-
teristic for each bed, but the changes in pofosity that help to distinguish
éne bed from another are less well-defined than are the corresponding
changes in permeability. Generally, the permeable sediments near the
center of the beds have a greater pqrosity than the less permeable sedi-
ments near the top or bottom of the beds° Likewise, the beds of cemented
sandstone at the base of the ore=bearing sandstone are less porous than
are the beds of permeable sandstone, The porosity of the clayey silt-

stone could not be determined in the laboratory.
GAMMA-RAY ACTIVITY

The gamma-ray logs of drill holes CA~25L4, CA-R69, and CA-635 are
shown together with the geologic, permeability, and porosity logs on
figure l. The logs of the gamma-ray activity are correlated with these
data through lines of arce

The g.mmz-ray activity shown on the logs of these three holes does
not reach the intensity of gamma-ray activity in sandstone of ore-grade.
Neverthgless, if the gamma-ray logs are compared with the permeability and
geologic ldgsg reading from the top downward on the graphs, it will be
noticed that the gamma-ray activity gradually increases in intensity
throughout most of the permeable sandstone bedé until it reaches a high at
the base of the permeable beds. The intensity then drops sharply. This
steplike rise and fall is repeated about as frequently as the base of the
permeable beds is penetrated., Gamma-ray activity is also localized (1)
within or near the top of the cemented and nearly impermeable sandstone
above the bésal mudstone,lgnd (2) near the top of impermeable clayey silt-

stone, or basal mudstone, just below the ore~bearing sandstone,
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Rogers (1950) described a similar association of abnormal radio-
activity with the tops of impermeable strata in the Salt Wash member in
the Legin group area, San Miguel County, Colo, In that area, Rogers
observed that many radioactivity anomalies; small in magnitude, are
present aﬁ the top surface of the thick impermeable basal mudstone under-
lying the ore-bearing sandstone; as well as at the top surfaces of thin
lenticular impermeable mudstone seams within the ore~bearing standstone,
Rogers concluded that the distribution of these anomalies in the Legin
group area suggested that ground water had leached radiocactive material

from the ore bodies and caryied it down dip and laterally along the top

surfaces of underlying impermeable mudstone strata.

CONCLUSIONS

Correlation of the gamma-ray logs with the geologic and permea~-
bility logs of the ore-bearing sandstone in three drill holes on Calamity
Mesa indicates that the radiocactivity in zones of reduced permeability
that impede the movement of ground water is above the normal radiocactiv-
ity of the ore~bearing sandstone and below radioactivity of cre-grade
significance. These zones are: (i) near the base of the permeable sand-
stone beds and above clayey siltstone fourd at the base of these beds;
(2) at the top of a basal zone of cemented sandstone; and (3) near the

top of mudstone just below the base of the ore-bearing sandstone,
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