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URANIUM HYDROGEOCHEMICAL AND STREAM SEDIMENT RECONNAISSANCE

OF THE GALLUP NTMS QUADRANGLE, NEW MEXICO/ARIZONA, INCLUDING

CONCENTRATIONS OF FORTY-TWO ADDITIONAL ELEMENTS

by

Larry W. Maassen and Carol M. LaDelfe

ABSTRACT

The Los Alamos Scientific Laboratory conducted a hydro-
geochemical and stream sediment reconnaissance for uranium in
the Gallup NTMS quadrangle, New Mexico/Arizona, as part of the
National Uranium Resource Evaluation. Totals of 516 water and
1403 sediment samples were collected from 1856 locations over
a 20 100 km2 area at an average density of one location per
11 km2. Water samples were collected from streams, springs,
and wells. Sediment samples were collected from streams and
springs. Water samples were analyzed for uranium; sediment
samples were analyzed for uranium and 41 additional elements.
All field and analytical data are listed in the appendixes of
this report; however, only uranium is discussed herein.

The uranium concentrations in water samples range from
below the detection limit of 0.02 parts per billion (ppb) to
493.53 ppb with a median for all water types of 1.60 ppb.
Waters with uranium concentrations above the anomaly threshold
of 20 ppb were collected predominately from shallow wells in
alluvial stream beds. These streams drain primarily Chinle
and Bidahochi formations in the western and southern portion
of the quadrangle, and Menefee formation north of Gallup.

Sediment samples from the quadrangle were found to have
uranium concentrations that range from 1.00 parts per million
(ppm) to 25.20 ppm with a median for all sediment types of
2.85 ppm. Three groups of sediment samples with uranium con-
centrations over the arbitrary anomaly threshold of 6 ppm were
delineated. The first is in the Black Mesa Basin and is under-
lain by Mancos shale and Toreva formation. The second is in
the Gallup sag and is associated primarily with the Menefee
and Crevasse Canyon formations. The third group is in the
Zuni Mountains where Abo formation is juxtaposed against Pre-
cambrian crystalline rocks.
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I. INTRODUCTION

Uranium and other elemental data resulting from the Hydrogeochemical and
Stream Sediment Reconnaissance (HSSR) of the Gallup National Topographic Map
Series (NTMS) quadrangle, New Mexico/Arizona, by the Los Alamos Scientific
Laboratory (LASL) are reported herein. The LASL is responsible for conducting
the HSSR primarily in the Rocky Mountain states of New Mexico, Colorado,
Wyoming, and Montana and in Alaska (Sharp, 1977). This study was conducted as
part of the United States Department of Energy's National Uranium Resource
Evaluation (NURE), which is designed to provide an improved estimate for the

availability and economics of nuclear fuel resources and make available to
industry information for use in the development and production of uranium
resources. The HSSR data will ultimately be integrated with data from other
NURE programs (e.g., airborne radiometric surveys and geological investiga-
tions) to complete the entire NURE program by 1988.

Totals of 516 water and 1403 sediment samples were collected from 1856
locations in the Gallup quadrangle. The samples were collected during four
separate periods. Samples collected during the summers of 1976, 1977, and
1978 were collected by private contractors. Samples collected during the
summer of 1979 were collected by the LASL. At the LASL, all water samples
were analyzed for uranium (Appendix I-A) and all sediment samples were
analyzed for uranium, thorium, and 41 additional elements (Appendix I-B). The
data presented in Appendix I are available on magnetic tape from: GJOIS
Project, UCC-ND Computer Applications Department, 4500 North Building, Oak
Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tennessee 37830. Standard-
ized field and analytical procedures, described in Sharp (1977) and Sharp and
Aamodt (1978), were used in this study. To facilitate use of these data for
the NURE, only the results of the uranium analyses are discussed herein. A
supplemental report that includes results of analyses for several elements in
the water samples from this quadrangle will be released in the future.

Plates included in the rear pocket consist of a sample location overlay
(Plate I), a uranium concentration overlay for waters (Plate II), a water
conductivity overlay (Plate III), a uranium concentration overlay for sedi-
ments (Plate IV), and a thorium concentration overlay for sediments (Plate V).
All plates are 1:250 000 scale and can be used in conjunction with the Gallup
topographic map (US Geological Survey, 1954) and geologic map (Hackman and
Olson, 1977) that are published at the same scale.

II. DESCRIPTION OF STUDY AREA

Location and Geographic Setting
The Gallup NTMS quadrangle is bounded by 350 and 360 N latitudes and 1080

and 110*W longitudes with an area of approximately 20 100 km2 (Fig. 1). The
New Mexico/Arizona state line nearly bisects the quadrangle. Gallup is the
largest city in the quadrangle with a 1970 population of 13 000. Window Rock,
the Navajo Indian capital, lies just inside Arizona in the central portion of
the quadrangle. The Navajo Indian Reservation covers approximately 10 300
km2 of the study area. About 350 km2 of the Ramah Indian Reservation and

1160 km2 of the Zuni Indian Reservation are also included in the Gallup
quadrangle. Numerous state, county, and local roads provide fair access to
most parts of the area.
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Fig. 1. Location map of the Gallup NTMS quadrangle, New Mexico/Arizona.

The study area lies entirely within the Colorado Plateau physiographic
province and is characterized by broad valleys, lava capped plateaus, and
desolate badlands with scattered mesas, cuestas, and buttes (Hunt, 1974).
Elevations range from 1680 m in the southwestern portion of the quadrangle to
2821 m at Mt. Sedgwick in the Zuni Mountains. Elevations of the Defiance
Plateau average about 2290 m with a maximum of about 2400 m.

Climate
The climate of the area is generally arid to semi-arid and varies with

altitude. The mean annual precipitation ranges from less than 150 mm in the
badlands of the Painted Desert area to more than 500 mm in the Chuska and Zuni
Mountains. Temperatures above 38*C are common during summer months at alti-

tudes below 2100 m and subzero temperatures may be expected during winter

months anywhere within the quadrangle. The mean annual temperature in Gallup,
New Mexico, is 9.8*C and average annual precipitation is 265 mm with most of
the precipitation falling during midsummer thundershowers (NOAA, 1979).
Specific weather conditions at each sample location were recorded by sample
collectors and are included in Appendixes I-A and I-B.
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Hydrology
Surface stream flow within the Gallup quadrangle is predominantly

ephemeral and provides only a minor portion of the water needs for the sparse
population of the area. The Zuni River, whose tributaries rise in the Zuni
Mountains, is the only perennial stream flowing out of the quadrangle. Streams

of the Colorado Plateau are generally of the calcium-magnesium-sulfate type
(Rainwater, 1962).

Ground water quality and quantity are of interest in this region due to
the lack of perennial surface streams. Several aquifers provide water, but
quality varies drastically. Bicarbonate is the most common anion over most of
the region, but is not as objectionable as are the sulfate and chloride con-
stituents. Calcium is the dominant cation. Ground water in the Black Mesa
Basin is available in alluvial valleys at depths of less than 90 m or from
Triassic or Permian rocks at depths as great as 600 m. In the Painted Desert
and surrounding area, most water is obtained from shallow wells dug in the
alluvium (Cooley et al, 1969).

In the Gallup area three aquifers provide municipal water supplies.
These are found, in ascending order, in the Permian Glorietta sandstone and

San Andres limestone, the Westwater Canyon member of the Jurassic Morrison
formation and the Cretaceous Dakota sandstone, and the Gallup sandstone of the
Mesaverde group. At Gallup, the latter provides as much as 162,/s to munici-
pal wells, but the variable quality of recharge water and presence of coal
beds and carbonaceous shale in some parts of the formation adversely affect
the quality in some areas (Cooper and West, 1967).

Water from the Coconino sandstone in the southeastern part of the quad-
rangle has up to 30 000 parts per million (ppm) dissolved solids, primarily
salt from the underlying Supai formation. Fluoride levels are also objection-
ably high in ground water over much of the region (Cooley, et al, 1969).

III. GEOLOGY

The Gallup quadrangle contains a wide variety of igneous, metamorphic,

and sedimentary rocks representing many geologic periods. A published
1:250 000-scale geologic map of the Gallup quadrangle (Hackman and Olson,
1977) is available; Fig. 2 is a generalized geologic map showing the distri-
bution of the main rock units in the quadrangle. Table I is a brief descrip-
tion of the stratigraphy in the area.

Stratigraphy
Rocks of the Precambrian era are represented by metasediments, meta-

volcanics, and granitic rocks exposed in the Defiance Plateau and Zuni
Mountains. These basement rocks are nonconformably overlain by late Paleozoic
rocks that are composed predominantly of Pennsylvanian and Permian sandstones,
siltstones, and limestones (Hackman and Olson, 1977).

Lower Mesozoic strata consist predominantly of continental clastic sedi-
ments. In Cretaceous time a series of transgressions and regressions resulted
in deposition of marine and marginal-marine sandstones, shales, limestones,
and some local coal beds. The seas withdrew from New Mexico at the close of
Cretaceous time; therefore, the Cenozoic era is represented by rocks derived
predominantly from the erosion of mountain masses (Dane and Bachman, 1965).
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Fig. 2. Generalized geologic map of the Gallup quadrangle, New Mexico/Arizona.

Structural Geology
Most structural features in west-central New Mexico developed principally

during the Laramide orogeny (Fig. 3). This late-Cretaceous and early Tertiary
deformation may be considered rather mild in comparison to the more highly
deformed Rocky Mountain orogenic systems farther to the north. Epeirogenesis
of the Colorado Plateau as a whole probably took place during later Tertiary
time (Woodward and Callender, 1977).

The Defiance and Zuni uplifts dominate the structural features of the
quadrangle. The Defiance uplift is a north-trending asymmetrical fold
(steeper on the east) about 50-km wide and 160-km long. Approximately half of
the uplift extends into the Shiprock quadrangle to the north. Its eastern
boundary is marked by the sinuous Defiance monocline, which dips 20d-90*
(Kelley, 1967). About 2100 m of structural relief separates the highest part
of the uplift and the adjacent Gallup sag, a narrow embayment that separates
the Defiance and Zuni uplifts (Woodward and Callender, 1977).

The Zuni uplift trends northwest, is about 115-km wide and 50-km long,
and is asymmetrical with a steep southwestern flank and a gently dipping north-
eastern flank (Woodward and Callender, 1977). The uplift is bounded on its
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TABLE I

PRINCIPAL STRATIGRAPHIC UNITS FOR THE GALLUP QUADRANGLE, NEW MEXICO/ARIZONA

Age Symbol Rock Unit Th

Quaternary Qa Surfical deposits

Pliocene

Oligocene

Eooene

Thu

Tv

To

Bidahochi formation

Tertiary volcanics

Chuska sandstone

Cretaoeous Kkf Kirtland and Fruit-
land formations

Kaf Menefee formation

Kpl Point Lookout
sandstone

Kc Crevasse Canyon formation
Kcg Gibson coal member
Kb Bartlett Barren

Kod

Kode
Kosd

Kg

Kas

Kt

Kd

Jurassic Jm
Jab
Jaw

Jar

Jcs

Js

Jt

Je

Jc

Jaf

Triassic 7w
'kwl

Awr

S 001co
I op

I cps
' omb

' ca

Permian Pdo

Pia

Pg

Py

Pa

Permian to
Pennsylvanian

member
Dalton sandstone
member
Dilco coal member
Stray sandstone

Gallup sandstone

Mancos shale

Toreva formation

Dakota sandstone

Morrison formation
Brushy Basin member
Westwater Canyon
member
Recapture member

Cow Springs sandstone

Summerville formation

Todilto limestone

Entrada sandstone

Carmel formation

Moenave formation

Wingate sandstone
Lukachukai member
Rock Point member

Chinle formation
Owl Rock member

Petrified Forest
member
Sonsela sandstone bed
Monitor Butte member
Shinarump member

sTm Moenkopi formation

De Chelly sandstone

San Andres limestone

Glorieta sandstone

Yeso formation

Abo formation

Supai formationP Ps

Precambrian p6 Igneous and meta-
morphic rocks

" As described in Hackman and Olson (1977).

sickness Lithology

0-64 a Alluvium, colluvium, eolian deposits, dune sand, and landslide debris.

-unconformity--

0-183 m Argillaceous sandstone; rhyolitic ash in lower part.

Tuff breccia; lapilli tuff and minor kimberlite tuff.

P305 m Massive sandstone; some interbedded siltstone.

-unconformity--

0-152 a Bentcnitic and carbonaceous shale.

0-914 m Sandstone, shale, mudstone, and coal.

61-92 a Quartzose sandstone.

n
x117 a Interbedded sandstone, siltstone, carbonaceous shale, and coal.
0-117 a Similar to Gibson coal member, but more sandstone, less shale and coal.

0-46 m Sandstone and minor shale.

0-92 m Sandstone, siltstone, carbonaceous shale, and coal.
23 m Sandstone.

0-61 m Sandstone; minor carbonaceous shale, siltstone, and coal.

0-230 m Claystone, siltstone, mudstone, and sandstone. Bentonite beds in lower part.

91 m Sandstone and carbonaceous sandstone.

15-92 m Sandstone, mudstone, carbonaceous shale and coal. Local basal conglomerate.

--unconformity--

37 m
0-92 a

0-70 a

46-158 a

0-61 m.
0-61 a

0-183 m
19-46 m
0-25 m

31- a
0-153 m

Claystone, siltstone, and sandstone.
Sandstone, local layers of pebbles, claystone, and siltstone.

Claystone and siltstone.

Sandstone and silty sandstone.

Sandstone, claystone, and siltstone.

Limestone and sandy limestone.

Sandstone and siltstone.

Sandstone and shale.

Sandstone and siltstone.

Sandstone.
Siltstone and sandstone.

0-98 a Limestone, silty limestone, chert nodule limestone interbedded with claystone and
siltstone.

0-381 m Claystone, siltstone, minor sandstone.

0-50 m Conglomeratic sandstone; some mudstone and siltstone.
0-119 m Claystone and sandy siltstone; some limestone and quartz pebble conglomerate.
0-30 m Fluvial quartzose and conglomeratic sandstone; lesser mudstone.

-unconformity-

<15 m Siltstone, mudstone, sandstone, and conglomerate. Local basal limestone breccia.

-unconformity--

76-137 a Sandstone and silty sandstone.

15-44 m Limestone; sandstone locally.

46-92 a Quartzose sandstone.

69-305 a Sandstone and siltstone. Limestone and gypsum beds in upper part.

92-305 m Sandstone and siltstone; conglomerate and limestone locally at base of unit.

152-579 m Sandstone and siltstone. Minor limestone, mudstone-pebble conglomerate, and gypsum beds.

-nonconformity-

Granite, granite gneiss, schist, amphiholite, phyllite, metarhyolite, and metasedimants.
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Fig. 3. Schematic map showing the major tectonic and structural features of the

Gallup quadrangle, New Mexico/Arizona.

western side by the Nutria monocline where dips range from low to steeply
overturned (Kelley, 1967) and structural relief is as much as 1400 m (Woodward
and Callender, 1977).

Other structural features in the Gallup quadrangle are the Chaco slope,
the Mogollon slope, and the Black Mesa Basin. The boundaries of these struc-
tures generally grade imperceptibly into the surrounding tectonic features.r

Uranium Occurrences
There are more than 120 uranium mines, claims, and/or prospects in the

Gallup quadrangle. The major uranium producing areas are shown schematically
in Fig. 4. Additional isolated uranium occurrences and small mines are plot-
ted on a 1:250 000-scale map of the Gallup quadrangle (Hackman and Olson,
1977). A more thorough compilation and discussion of individual localities
can be found in Hilpert (1969), Chapman et al (1977), Holen (1977), and
Pierson and Green (1977). In addition, 129 statistical uranium anomalies were
identified in a NURE airborne radiometric survey made by geoMetrics (1979).
These are also presented in Fig. 4.
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Fig. 4. Areas containing uranium occurrences, prospects, mines, and radiometric
anomalies in the Gallup quadrangle New Mexico/Arizona.

Most of the uranium production in the Colorado Plateau has come from
Jurassic sedimentary rocks in the Grants Mineral Belt, the largest uranium-
producing area in the United States. In the Gallup quadrangle this mineral
belt includes the Gallup and Smith Lake mining districts. Host rocks for
uranium deposits in the Gallup quadrangle, listed in order of decreasing
number of deposits, are the Westwater Canyon member of the Morrison formation,
the Brushy Basin member of the Morrison formation, the Todilto limestone, the
Monitor Butte member of the Chinle formation, the Dakota sandstone, the Recap-
ture member of- the Morrison formation, the Petrified Forest member of the
Chinle formation, the Gibson coal member of the Crevasse Canyon formation, the
Shinarump member of the Chinle formation, spring deposits, the Dilco coal
member of the Crevasse Canyon formation, the Abo formation, and porphyritic
aplite (Hackman and Olson, 1977).

Within the Grants Mineral Belt 114 862 short tons (1976 figure) U3 08
have been produced from the Morrison formation (Ridgley et al, 1978). About
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95% of this production has been from the Westwater Canyon and Brushy Basin
members. Deposits in the sandstones of the Morrison formation range in size
from a few hundred to several million tons of ore (Kittel et al, 1967) and are
generally associated with carbonaceous material. These are generally elon-
gated, tabular deposits, and tend to parallel bedding structures and paleo-
channel systems (Hilpert, 1969). The principal ore minerals are coffinite,
uraninite, tyuyamunite, and uraniferous carbonaceous material.

About 2% of the uranium ore produced in the Grants region has come from
the Todilto formation where 2718 short tons of U308  have been produced
(Ridgley, et al, 1978). Deposits in the Todilto range in size from a few
hundred to more than 200 000 short tons of ore (Kittel et al, 1967) and
generally occur within the limestone unit where it has been deformed by inter-
formational folding and faulting.

Prospects in the southwestern portion of the quadrangle and in the
Defiance Plateau region are primarily in the Chinle formation. Active mines
in these areas have each produced less than 20 000 lbs of U308  (Hackman
and Olson, 1977). The uranium ore is commonly associated with carbonaceous
material in fluvially deposited sandstone (Ridgley et al, 1978).

IV. PRESENTATION OF ANALYTICAL AND STATISTICAL DATA

Field measurements and analytical data for each sample site are given for
waters in Appendix I-A and for sediments in Appendix I-B. Water samples were
initially analyzed for uranium by. fluorometry. All water samples containing
more than 40 parts per billion (ppb) uranium were reanalyzed by delayed-
neutron counting (DNC). All sediments were analyzed for uranium by DNC.
Elemental concentrations in sediments were determined by neutron activation
analysis of 31 elements, by x-ray fluorescence for 9 elements, and by arc-
source emission spectrography for 2 elements.

Histograms for uranium concentrations in both water and sediments and for
thorium concentrations in sediments are included in Appenix II. Appendix III
is a summary of the LASL HSSR procedures, explanation of codes used, and key
to sample types in Appendix I.

Limiting the discussion to a few samples having the highest uranium
values should not be construed as discounting the possible significance of the
remaining samples. Subtle variations in low-level uranium concentrations also

TABLE II

SUMMARY OF URANIUM DATA FOR WATER SAMPLES
FROM THE GALLUP QUADRANGLE, NEW MEXICO/ARIZONA

Sample Sample Range Mean Standard Median

Type Size (ppb) (ppb) Deviation (ppb)

All waters 516 0.01 - 493.53 7.61 27.99 1.60

Stream waters 29 0.08 - 7.36 1.65 2.05 0.83

Spring waters 77 0.10 - 100.63 7.54 15.99 2.46

Well waters 410 0.01 - 493.53 8.04 30.59 1.54
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have been useful guides in geochemical exploration in places where other geo-
logic factors call attention to an area as a possible exploration target.

Uranium Concentrations in Water Samples
Water samples were collected from 516 locations in the Gallup quad-

rangle, including 410 wells, 77 springs, and 29 streams. The uranium content
of all waters ranges from below the detection limit of 0.02 ppb to 493.53 ppb
and has a median of 1.60 ppb. Table II summarizes the statistical data for
all the water samples and for each water sample type. Spring waters have the
highest median uranium content, whereas streams have the lowest. Background
concentrations for uranium cut across sample area boundaries (Fig. 5), in-
dicating that annual variations in water quality do not significantly affect
these values. Sample types, local background variations, and geology should

1
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Fig. 5. Map showing background uranium concentration and location of
water samples containing greater than 20 ppb uranium
from the Gallup quadrangle, New Mexico/Arizona
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be considered in a more detailed examination of the data; however, no dis-
tinction is made among sample types in the following discussion of the data.

Table III provides relevant data for the 38 water samples with uranium
concentrations greater than 20.0 ppb; their locations are shown in Fig. 5.
These samples are arbitrarily defined as anomalous. The samples with rela-
tively high uranium concentrations consist of 31 wells and 7 springs and rep-
resent approximately 7.14% of all water samples. Due to the aridity of the
climate, stream waters comprise a small portion of the samples collected and
will not be discussed further. Discussion will be limited to areas where a
majority of the samples collected have anomalous uranium concentrations.

Most of the water samples collected containing greater than 20 ppb ura-
nium are from wells in alluvial stream valleys from the Arizona portion of the
quadrangle. Although no well depth data were obtained for these samples, a
hydrology report by Cooley et al (1969) indicates that these wells are fairly
shallow.

In the northwestern portion of the quadrangle, 15 anomalous water samples
(14 wells and 1 spring) were collected within Pueblo Colorado Wash and/or its
tributaries. These samples have generally high conductivities. Rock units in
the area include predominantly the Bidahochi and Chinle formations. In the
Defiance Plateau there are several uranium prospects in the Monitor Butte
member of the Chinle formation (Hackman and Olson, 1977). Also exposed are
lesser areas of Morrison formation and Dakota sandstone, which are currently
being mined for uranium in other parts of the quadrangle (Hackman and Olson,
1977). The high concentration of uranium in these ground waters may reflect
the effects of evapotranspiration and/or a long hydrologic residence.

The two highest uranium concentrations in water samples come from wells
in the southwestern portion of the quadrangle. This area includes nine wells
and one spring with anomalous uranium concentrations. These samples were
collected primarily in alluvial stream valleys. The area is underlain by the
Petrified Forest member of the Chinle formation; however, large areas of
Bidahochi formation are exposed upstream. Uranium exploration in this area is
currently focused on the Petrified Forest member (Hackman and Olson, 1977),
which may be the source of the uranium seen in these anomalous ground-water
samples.

Just north of Gallup, three springs and one well have uranium concentra-
tions ranging from 21.09 to 100.63 ppb. Conductivities for these samples are
moderate to low and background uranium concentrations for ground waters in
this area are generally less than 2 ppb. These ground-water sample locations
are in alluvial stream valleys that are underlain by the Cretaceous Menefee
formation. The well sample in this cluster has its depth recorded as 14 ft.
The Gallup uranium district lies about 15 km to the southeast and there are

several airborne radiometric anomalies nearby (Fig. 4).
Other samples containing anomalous uranium concentrations are scattered

about the quadrangle; their significance is difficult to assess but should not
be overlooked in a closer examination of the data. Additionally, other methods
of data evaluation might define other areas of interest, such as considering
samples with a high uranium concentration relative to conductivity. For ex-
ample, sample N08815 located on the southwestern flank of the Defiance Plateau,
has a uranium content of 14.58 ppb and a conductance of 520 lmho/cm. This
sample could be considered anomalous and may deserve further investigation.

Uranium Concentrations in Sediment Samples
Sediment samples were collected from 1403 locations in the Gallup quad-

rangle, including 1322 streams and 81 springs. The uranium contents for all

11



TABLE III

WATER SAMPLES WITH URANIUM CONCENTRATIONS GREATER THAN

20.00 PPB FROM THE GALLUP QUADRANGLE, NEW MEXICO/ARIZONA

Sample Water Uranium Conductivity Geologic
Number Source (ppb) _ H umho/cm Associationb

N08004 Well 30.20 7.8 1000 Qa, T eps
N08236 Well 21.50 6.3 2500 Kcb, Tbu

N08274 Well 123.30 7.9 900 Kcdc, Kg

N08319 Well 60.00 7.4 4600 Qa, T cp
N08323 Well 43.00 7.8 910 Qa, T co?
N08330 Spring 89.79 7.7. 900 Qa, Kmf

N08331c Spring 100.63 8.4 1525 Qa, Kmf

N08332 Well 32.40 8.0 1100 Qa, Kmf

N08373 Spring 21.09 7.7 650 Qa, Kmf

N08623 Well 60.47 7.0 1000 Qa, T?c
N08637 Spring 22.19 7.0 750 Tbu, 1wr, co?

N08811 Spring .25.16 6.7 600 Tbu, Tcs?, Tim?
N08871 Well 34.91 7.1 150 Qa, 14wr?
N08923 Well 76.96 7.0 2100 Qa, 7Ic?

N08925 Well 20.63 7.1 2100 Qa, ' cp
N08927 Well 27.33 7.2 2600 Qa

N08929 Spring 35.76 7.0 1800 Jcs

N08968 Spring 23.05 6.4 640 Qa, 't cp

N08972 Well 493.53 6.8 2000 Qa, Tbl

N09039 Well 48.74 7.2 3350 Qa

N09047 Well 53.06 7.1 900 Qa

N09060 Well 38.21 7.3 2110 Qa

N09095 Well 36.48 7.0 3300 Qa

N09397 Well 68.85 7.3 2000 T co
N09401 Well 166.15 7.4 6200 Qa

N09408 Well 95.79 7.7 1300 Qa

N09459 Well 32.96 7.2 2500 Qa, Jar?

N09482 Well 25.75 7.7 12000 Qa

N09492 Well 52.43 7.7 1100 Qa, Tbu?

N09661 Well 35.20 8.4 30000 Qa, Kif

N09673 Well 38.03 6.2 1850 Qa, 7 cp?

N09683 Well 124.98 6.2 6900 Tecp

N09723 Well 20.48 8.9 1400 Tbu, ? cp?
N09748 Well 67.10 7.7 875 Tbu, Tbl?

N09797c Well 73.55 7.3 1710 Qa, PJep?
N09799 Well 196.35 6.6 1620 Qa, 7Ncp?

N09801 Well 25.46 6.5 1250 Qa, T cp?
N09802 Well 29.34 6.6 1400 Qa, T, cp?
a See Fig. 5 and Plate I for sample location.
b From Hackman and Olson (1977). Symbols defined in Table I.
c Minor amount of small particles reported in water vial.
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sediments range from 1.00 to 25.20 ppm and have a median uranium content of
2.85 ppm. A summary of the statistical data for each sample type is pre-
sented in Table IV. Median uranium values vary only slightly except for wet
streams, which have a slightly higher median uranium content than the other
sample types. For purposes of discussion, all sample types are treated as
members of a single population.

The anomaly threshold for sediment samples was arbitrarily chosen at
6 ppm, which includes 26 samples and represents approximately 2% of the sedi-
ment population. Most of the anomalous ~samples are scattered about the quad-
rangle and their significance is difficult to assess. However, groups of
samples occurring in areas of similar geology will be discussed. The relevant
data for all samples containing greater than 6 ppm uranium is presented in
Table V; Fig. 6 shows their locations.

One group of anomalous samples, consisting of three dry stream sediments,
is from the Black Mesa Basin. Several stream samples with uranium concentra-
tions that might be considered subanomalous (range 4.6-5.6 ppm) are also from
this area. The streams from which these samples were collected drain pre-
dominantely Mancos shale and Toreva formation. The Toreva formation contains
a carbonaceous middle member (Hackman and Olson, 1977), which may be a favor-
able host rock for uranium mineralization.

A large, widely spaced group of samples with anomalous uranium concen-
trations is located in the east-central portion of the -quadrangle and lies
primarily within the Gallup sag (Fig. 3). These samples are associated
predominantly with the Cretaceous Menefee formation and, to a lesser extent,
with the Dilco Coal member of the Cretaceous Crevasse Canyon formation. The
anomalous uranium concentrations in these samples may simply reflect the
higher background uranium concentrations associated with formations containing
carbonaceous units; however, further investigation in this area is needed to
determine the significance of these spatially associated samples.

Another group of anomalous samples consists of two springs and one stream
on the western flank of the Zuni Mountains. The springs emerge at or near the
contact where the Permian Abo formation is faulted against the Precambrian
granitic rocks. The spring samples contain the two highest uranium values and
two of the three highest U/Th ratios in sediments from the Gallup quadrangle.
The stream sample is from a stream that drains both Abo formation and Precam-
brian units. Brookins (1979) found the Precambrian rocks of the Zuni Mountains
are not particularly high in uranium. Therefore, the source of the uranium

TABLE IV

SUMMARY OF URANIUM DATA FOR SEDIMENT SAMPLES
FROM THE GALLUP QUADRANGLE, NEW MEXICO/ARIZONA

Sample Sample Range Mean Standard Median
Type Size (ppm) (ppm) Deviation (ppm)

All Sediments 1403 1.00 - 25.20 3.03 1.33 2.85

Wet Streams 31 1.10 - 7.20 3.42 1.48 3.20

Dry Streams 1291 1.00 - 12.44 3.00 1.05 2.84

Wet Springs 42 1.00 - 25.20 3.60 4.53 2.55

Dry Springs 39 1.04 - 11.39 3.27 1.87 2.94
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TABLE V

SEDIMENT SAMPLES WITH URANIUM CONCENTRATIONS GREATER THAN
6.0 PPM FROM THE GALLUP QUADRANGLE, NEW MEXICO/ARIZONA

U/Th
Ratio

0.29

Geologic
Associationb

p6, Pa, Qa

N08115 Wet Spring 25.20 1.05 pe, Pa

N08118 Wet Spring 21.20 0.92 p6, Pa

0.29

0.28

0.23

0.32

0.38

0.56

0.34

0.36

0.39

0.37

0.52

0.18

0.22

0.18

0.23

0.28

0.26

0.28

0.19

0.48

Qa, Kcdc

Qa, Kmf

Kmf

Qa, Kc

Qa, Kmf

Kd

Kc, Kpl

Kg, Kcdc, Kcb

Qa, Kg, Kms

Pdc, Tm, ics

Pdc,T cs

Qs, Kt

Kms, Kt

Qs, Kms, Kt

Qa, To

Qa, Kmf

Qa, Kmf

Qa, Kmf

Qa, Kmf, Kpl

Tv, P Ps

N09318 Dry Stream 12.44 0.18 Kpl, Kmf

N09560 Wet Stream 7.13 0.39 Pdc, 1 c

N09596 Dry Stream 6.01 0.39 Pdc

Sample
Number

N08108

a See Fig. 6 and Plate I for sample location.
b From Hackman and Olson (1977). Geologic symbols defined in Table I.
c These elements are present in concentrations significantly above the median values for

all sediment samples. REE Rare-Earth Elements.
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Sediment
Source

Wet Stream

Uranium
(ppm)

7.20

Associated
Elementsc

Al, Li, Mg, Mn, Na, Rb, REE,
Th, V, Zn

Hf, K, Na, Ni, BEE, Th

Ba, Co, Cr, Cu, Hf, Li, Mg,
Na,*Ni, Rb, REE,Sr, Th, Ti,
V, W, Zn

Ba, Co, Fe, Hf, REE, Th

Ba, Co, Hf, REE, Th, Ti

Ba, Hf, Mn, Na, REE, Th, Ti

Ba, Co, Hf, Na, REE, Th

Ba, Hf, Mg, Mn, Na, Th, Zn

Hf, Li, Pb, Th, Zn

Ba, Bi, Hf, Ni, REE, Th

Ba, Hf, BEE, Th, Zn

Cr, Hf, Ree, Th

Bi, Hf, Mn, BEE, Th

Cr, Hf, BEE, Th, Ti

Bi, Hf, BEE, Ta, Th, Ti, Zn

Bi, Hf, BEE, Th, Ti

Hf, REE, Th, Zn

Hf, BEE, Ta, Th, Ti

Ba, Cr, Hf, BEE, Th, Zn

Ca, Cr, Hf, Mn, Na, Rb, BEE,
Th, Ti, V, Zn

Ba, Cr, Hf, Mn, BEE, Th, V, Zn

Ba, Cr, Hf, BEE, Th, Ti, Zn

Ag, Cd, Co, Cr, Fe, Hf, Ni,
Th, Ti, V

Cr, Hf, Ni, BEE, Th, Ti

Ba, Cr, Hf, Mn, BEE, Th,

Ti, V

Ba, Hf, BEE, Th

N08209

N08342

N08347

N08353

N08364

N08391

N08460

N08648

N08669

N08704

N08902

N09076

N09085

N09089

N09112

N09120

N09 152

N09 211

N09225

N09269

Dry Stream

Dry Stream

Dry Stream

Dry Stream

Dry Stream

Dry Spring

Dry Stream

Dry Stream

Dry Stream

Dry Stream

Dry Stream

Dry Stream

Dry Stream

Dry Stream

Wet Stream

Dry Stream

Dry Stream

Dry Stream

Dry Spring

Dry Stream

6.30

6.60

8.20

7.50

6.23

7.67

10.66

6.67

8.82

7.81

6.67

11.04

11.15

6.08

7.15

7.29

6.21

6.91

11.39

9.85
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Fig. 6 Map showing background uranium concentrations and locations of

sediment samples containing greater than 6 ppm uranium
from the Gallup quadrangle, New Mexico/Arizona.

may be the Abo formation, which is known to be a host for minor uranium de-
posits (Hackman and Olson, 1977). It should be noted that the field sampler
recorded an oily substance on the surface of the water for samples N08 108 and
N08 118.

Field samplers were careful to avoid contamination from mine tailings
within the uranium mining districts. Since the mineralized zones in these
areas are underground, no large anomalies would be expected to be associated
with these districts.

V. SUMMARY AND CONCLUSIONS

Totals of 516 water and 1403 sediment samples were collected from 1856
locations in the Gallup quadrangle. Samples were collected at an average
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density of one per 11 km2  over a 20 100 km2  area. Water samples were
collected from streams, springs, and wells. Sediment samples were collected
from streams and springs.

The median uranium content for water samples of all types is 1.60 ppb.
The majority of water samples were collected from wells. Stream waters com-
prise only a small portion of the samples due to the aridity of the climate.
Thirty-eight water samples have uranium concentrations above the arbitrarily
selected anomaly threshold of 20 ppb (Table III). The majority of the anom-
alous samples were collected from shallow wells within alluvial stream val-
leys. High conductivities are associated with most of these samples. A group
of anomalous waters north of Gallup have generally low conductivities and
future exploration in this area may be warranted.

The median uranium content for all sediment samples is 2.85 ppm. There
are 26 sediment samples with uranium concentrations above the arbitrarily
selected anomaly threshold of 6 ppm (Table V). The majority of these samples
are scattered throughout the quadrangle; however, three groups of anomalous
samples are discussed. One group is associated with Mancos shale and Toreva
formation in the Black Mesa Basin. Uranium may be associated with the organic-
rich units in either of these formations. Another group consists of several
widely spaced anomalous samples largely within the Gallup sag. Uranium in
these samples may be associated with carbonaceous units in the Menefee and/or
Crevasse Canyon formation. Sediments in the third group of anomalous samples

are associated with Permian Abo formation and Precambrian crystalline rock of
the Zuni Mountains.

A more thorough evaluation of the data is needed to determine the sig-
nificance of the anomalous samples described above, as well as the signifi-
cance of those samples with uranium concentrations below the arbitrary anomaly
threshold. Such a detailed evalualtion left to the reader. However, experi-
ence at the LASL with HSSR data from other areas has shown that contouring the
data is particularly useful for evaluating the relationships between the
uranium data and other environmental and geologic factors. In turn, these
relationships can be used to identify new areas worthy of more detailed
investigation.
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APPENDIX I

LISTINGS OF FIELD DATA AND ELEMENTAL CONCENTRATIONS FOR SAMPLES

FROM THE GALLUP NTMS QUADRANGLE, NEW MEXICO/ARIZONA

APPENDIX I-A

Listings of Field Data and Uranium Concentrations
for Water Samples from the Gallup Quadrangle, New Mexico/Arizona

(Pages 18 through 28)

(See Appendix III-B for Code to Listings)
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APPENDIX I-B

Listings of Field Data and Elemental Concentrations
for Sediment Samples from the Gallup Quadrangle, New Mexico/Arizona

(Pages 30 through 14T)

Note that four pages, numbered 1 through0in the upper right hand corner, are
necessary to provide the complete data listing for each numerically ordered
sequence of samples.

- Lists field data and uranium concentrations determined
by delayed-neutron counting.

- Lists concentrations of 11 elements determined by x-ray
fluorescence and arc-source emission spectrography.

and 0- List concentrations of 31 elements determined by
neutron activation analysis and computed U/Th ratios.

(See Appendix III-B for Code to Listings)
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APPENDIX II

HISTOGRAMS OF URANIUM CONCENTRATIONS IN WATER AND SEDIMENT SAMPLES

AND THORIUM CONCENTRATIONS IN SEDIMENT SAMPLES

FROM THE GALLUP NTMS QUADRANGLE, NEW MEXICO/ARIZONA

APPENDIX II-A

Semilogarithmic Histograms of Uranium Concentrations in Water Samples
from the Gallup Quadrangle, New Mexico/Arizona
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APPENDIX II-B

Histograms of Uranium Concentrations in Sediment Samples
from the Gallup Quadrangle, New Mexico/Arizona
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APPENDIX II-C

Histograms of Thorium Concentrations in Sediment Samples
from the Gallup Quadrangle, New Mexico/Arizona
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APPENDIX III

SUMMARY OF STANDARD LASL HSSR PROCEDURES AND CODES

APPENDIX III-A

Summary of Standard LASL HSSR Field and Analytical Procedures
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APPENDIX III-A

SUMMARY OF STANDARD LASL HSSR FIELD AND ANALYTICAL PROCEDURES

I. FIELD PROCEDURES

Water Sampling
Water samples are collected first, directly from the source wherever

possible, filtered through a 0.45-U membrane filter (except in Alaska where
this step is omitted) directly into one each, prewashed and sealed, 41-ml
reactor "rabbit" and 25-ml vial (both polyethylene). Water samples in both
the rabbit and vial are then acidified to a pH <1 with 8N reagent-grade
HNO3. All sample containers are doubly labeled with preprinted, adhesive
labels carrying the same sample location number as that- preprinted on the
field data form. Springs are sampled as near to their point of emergence as
possible; stream waters are taken from the fast-flowing current away from the
bank; ponds (including small lakes and reservoirs) are sampled from just below
the surface, near their center; and well waters are taken near the wellhead if
the well is pumping or from a holding tank if not.

Sediment Sampling (Wet or Dry)
Following the collection of the water sample (if any), enough fine-

grained, organic-rich, water-transported sediment to yield a composite sample
of 25 g after processing (as indicated below) is taken from beneath the water
level (where water exists) at three adjacent -spots at each spring or stream
location. The sediment is put into a new, clean, and originally sealed,
rip-top polyethylene bag which is then properly double-labeled for delivery
(with the field data form) to the contractor's drying facility. After drying
at <100*C, each sample is sieved through a 100-mesh stainless steel sieve.
The minus 100-mesh fraction is put into a prewashed, 25-ml polyethylene vial
which is then appropriately double-labeled (using labels from the data form)
and sealed for shipment to the LASL. In the case of lakes sampled in Alaska,
the sediment is taken from as near the center of each lake as possible by
dropping a tethered, stainless steel bottom sampler overboard from a pontoon-
equipped helicopter. Here, only a bottom sample from a single location is
taken (i.e., it is not a composite) and sampling is limited to lakes less than
10 m deep and about 0.3 to 2.0 km in least horizontal dimension. The sampler
is rinsed before each use and the raw sample is put into a clean polyethylene
bag, labeled, and treated as above.

Field Measurements
The air temperature, read in the shade at the time of sampling, is re-

corded to the nearest whole degree Celsius. The water temperature is measured
in the source water and recorded to the nearest one-half degree Celsius. The
pH of the source water is measured with a calibrated, portable pH meter and
recorded to the nearest one-tenth of a pH unit. The conductivity (in pmho/cm)
of the source water is measured with a calibrated, temperature-compensated
(25 C), portable meter. The scintillometer readings are measured with a port-
able scintillometer on a flat, dry spot within a few meters of the sample
location at spring or stream sites. Two readings are recorded, the first with
a radiation shield in place (blocking out ground radiation) and the second
with the shield removed. The readings (in counts/s) are converted by computer,
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using measured calibration factors, to the equivalent uranium (eU) value in
the data listings. Special measurements such as dissolved oxygen are made
with a calibrated, commercially available, portable meter and probe. In lakes,
the water temperature, pH, conductivity, and (special) dissolved oxygen are
usually all measured with a single, digital-readout unit, utilizing a para-
meter selector switch and a composite probe that is lowered from the sampling
helicopter to just below the water's surface. Care is taken to see that these
measurements are made before the bottom sediment is disturbed.

Field Observations
These represent the best judgment of the field sampler at a location and

include general descriptions of the local bedrock, sediment, water, vegeta-
tion, terrain, weather, possible contaminants, and well configuration, if
applicable. Because these observations are subjective and made quickly in the
field, they should be held subordinate to formally documented information such
as that provided by published topographic or geologic maps, etc.

Sample Location Verification
Each contractor is supplied field maps with the desired sample types and

general locations symbolically premarked at the LASL. In the lower states,
the field maps are generally 1:24 000-scale or 1:62 500-scale USGS topographic
maps; in Alaska, they are normally 1:250 000-scale NTMS quadrangle maps, also
available from the USGS. As each location is sampled, a unique sample loca-
tion number, preprinted on transparent adhesive labels (also used for labeling
the samples) that are provided with each identically numbered field data form,
is placed on top of the precisely marked point representing the sample site on
the field map. When a desired sample as specified cannot be obtained, an
identical or alternate sample type (as near as possible to the original one)
is picked, and the new sample type and/or location is/are marked on the field
map and properly labeled as above. The latitude and longitude of each loca-
tion is then computed by the sampling contractor within 48 h of taking each
sample. Every location is later checked (and corrected if necessary) at the
LASL by digitizing the sample locations on each map and comparing them to
those computed in the field. The latitudes and/or longitudes are corrected if
the field-computed locations are displaced by more than 300 m from the loca-
tions marked on the field maps. A final visual check of sample locations is
made by overlaying computer-produced location plots on the field maps used.
The computer program for generating the Universal Transverse Mercator map
projection overlays is described by Cheadle (1977).

II. ANALYTICAL PROCEDURES

Uranium Determination in Water Samples by Fluorometry
Under normal procedures, the 25-m1 water vial is vigorously shaken and

duplicate 0.20-mi aliquots of water are transferred to platinum dishes. The
aliquots are evaporated under heat lamps and a 0.4-g pellet of 2%. LiF-98% NaF
flux is added to each dish. The pellets are first preheated under lamps, then

fused over special propane burners. After each pellet/sample cools, it is
excited with ultraviolet radiation in the fluorometer and the fluorescence is
read and recorded. The uranium concentrations are determined by using a com-
puter routine which compares the fluorescence from each pellet with those from
other pellets, run at the same time, containing uranium-standard solutions and
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blanks. The uranium concentration of the sample, as given in the appropriate
data listings, is then the average obtained from the duplicate aliquots. The
lower limit of detection for each aliquot by the normal procedure is 0.2 ppb;
however, in some areas many samples have uranium concentrations below this.
Consequently, when a sample run by the normal procedure is determined to have
<0.2 ppb uranium, it is routinely reanalyzed using new duplicate aliquots that
have been put through an additional evaporative concentration step that pro-
vides a 10X concentration factor. This additional procedure, using the same
basic fluorometric method, reduces the lower limit of detection of uranium in
natural waters to 0.02 ppb. When a uranium concentration lower than 0.02 ppb
is found in an aliquot, it is arbitrarily assigned a value of 0.01 ppb. If
the uranium value given in the data listings is 0.01 ppb, both aliquots had
uranium concentrations below the detection limit. Whether concentrated or not
(which can be determined from the uranium level in the listing), the fluoro-

metric analytical precision is ~30% at the lower detection limit, ~20% at one
order of magnitude above this, and =10% at two or more orders of magnitude
above the lower detection limit. The basic fluorometric method used is de-
scribed in detail by Hues et al (1977).

Uranium Determination in Water Samples by Delayed-Neutron Counting
Only waters with >40 ppb uranium (as determined by fluorometry at the

LASL, where this is the upper limit of detection without recalibration) or
those with impurities that cause interference with uranium-induced fluores-
cence are analyzed using DNC. Samples are received in 41-ml or 25-ml vials
(used exclusively in some of the early work) and are transferred to clean,
labeled, 41-ml rabbits before being analyzed. Each water sample is weighed,
and its weight (less that of the rabbit) and location number are recorded.
The vials are then loaded into a 25-sample transfer clip. The reactor pneu-
matic transfer system and background radiation levels are checked and four
standards are run for calibration. The transfer clip is installed on the
pneumatic feed line and the samples are cycled through the system (typically,
a 60-s irradiation, 30-s delay, and 60-s count cycle is used). The uranium
concentration is automatically measured, converted to ppb, and entered into a
computer data base. The lower detection limit for uranium in water by DNC as
used at the LASL is 0.5 ppb. The statistical error of this method is =20%. at
a uranium concentration of 1 ppb, ~6% at 10 ppb, and <4% at 40 ppb or greater.
Statistical treatments of uranium concentrations obtained from the same suites
of samples analyzed both by fluorometry and DNC have shown that there is no
significant difference between the results of the two analytical methods as
used at the LASL. This analytical comparability is rechecked periodically.

Uranium Determination in Sediment Samples by DNC
All sediment samples are analyzed for total uranium by DNC. A split of

each sample (dried and sieved as described) is transferred to a clean 4-ml
rabbit, weighed, and its weight (less that of the rabbit) recorded along with
the appropriate location number. These rabbits are then loaded into a
50-sample transfer clip. The reactor pneumatic transfer system and background
radiation levels are checked, and standards are run for calibration. The

transfer clip is installed and the samples are cycled through the system
(typically, a 20-s irradiation, 10-s delay, and 30-s count cycle is used).
The uranium concentration is automatically measured, converted to ppm, and
entered into the data base. The lower limit of detection of this method is
0.01 ppm uranium, far below the range of uranium concentrations in natural
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sediment samples. Above the 1 ppm level, the uranium values in sediment
measured by DNC at the LASL have a one-sigma error of less than 4%. The
specially designed delayed-neutron detectors, built by the LASL and used for
these analyses, are described by Balestrini et al (1976).

Elemental Determinations in Sediment Samples by Energy Dispersive X-Ray
Fluorescence

A computer-controlled, energy-dispersive x-ray fluorescence system is
used to determine Ag, Bi, Cd, Cu, Nb, Ni, Pb, Sn, and W in sediments. The
system consists of an automatic 20-position sample changer, a lithium-drifted
silicon detector, a pulsed molybdenum transmission-target x-ray tube, a multi-
channel analyzer, and a minicomputer. The sediment samples are prepared for
analysis by grinding 6 g of each minus 100-mesh sample to a minus 325-mesh
powder. A computer program positions the 6-g samples in the x-ray beam, un-
folds overlapping peaks, determines peak intensities for each element, and
calculates the ratio of the intensity of each peak to that of the molybdenum
Ka Compton peak. Concentrations of each element are then calculated using
equations obtained by analyzing prepared standards. Detection limits are:
5 ppm for Ag, Bi, Cd, and Pb; 10 ppm for Cu and Sn; 15 ppm for Ni and W; and
20 ppm for Nb. When an analysis results in an elemental concentration that is
below the detection limit, a minus sign preceding the value of the detection
limit for that element is inserted in the data listings. The relative stan-
dard deviation is 10% or less at the 100-ppm level and 20% or less at the
20-ppm level. Details of the method and equipment used are described by
Hansel and Martell (1977).

Beryllium and Lithium Determinations in Sediment Samples by Arc-Source
Emission Spectrography

A 5-mg portion of the -325-mesh sample that has already been analyzed by
x-ray fluorescence is mixed with 10 mg of a buffer consisting of one part
graphite and one part Si02. The sample/buffer mixture is placed into a
graphite electrode that is used as the anode of a dc arc having a short cir-
cuit current of 6A for 10 s, then 17A for 50 s. Photomultiplier tubes in a
direct-reading spectrograph are used to measure the second order 313.0-nm' line
of Be, the first order 670.7- and 610.3-nm lines of Li, the background spectra
near these lines, and the 327.6-nm line of V. The 670.7-nm Li line is used
for Li concentrations up to 10 ppm and the 610.3-nm line of Li is used for
concentrations above 10 ppm. The V line is used to correct the Be value when
V is present. The signals from the photomultiplier tubes are read by a digi-
tal voltmeter and are processed by a desk-top calculator. The results are
simultaneously printed on paper and written on cassette tape for later trans-
mission to a computer data file. The elemental concentrations of Be and Li
are determined from the spectra, based on the results of previously run cali-
bration standards. The lower detection limit for both elements is 1 ppm.
When an analysis results in an elemental concentration that is below the
detection limit, a minus sign preceding the value of the detection limit for
that element is inserted in the data listings. Precision at the lower detec-
tion limit is =50% for both elements and improves to ~25% at one order of
magnitude above the lower limit.

Elemental Determinations in Sediment Samples by Neutron Activation Analysis
Inediately upon completion of the uranium analysis of sediment samples

by DNC, the same 4-ml sediment splits are entered into the NAA sequence. The
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concentrations of 31 additional elements are determined by this procedure.
The full DNC/NAA timing sequence used at the LASL for each sediment sample is:
20-s irradiation, 10-s delay, 30-s DNC analysis, 20-min delay, 500-s y-ray
count for short-lived radionuclides, 96-s re-irradiation, 14-day delay, and
finally a 1000-s y-ray count for long-lived radionuclides. The y-ray counting
is done by lead-shielded Ge(Li) detectors; the 11096-channel Y-ray data are
recorded and subsequently analyzed for each individual element by computer.
The analytical data for each sample are automatically printed out along with
the associated statistical errors. The lower detection limits for the various
elements as reflected by the "less than" values (denoted by a minus sign in
front of a concentration) in the data listings are the values for the indivi-
dual elements at which the statistical counting error approaches 50%. Current
"typical" lower detection limits for the elements determined by NAA are re-
ported in Nunes and Weaver (1978) ; however, the actual detection limit for an
element -depends upon the composition of the sample, and this limit may be
higher or lower than the typical value. At concentration values one order of
magnitude above the lower detection limits, the relative errors are generally
less than 10%.
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APPENDIX III-B

EXPLANATION OF CODES USED

DOE SAMPLE NUMBER

STATE: A two-digit Federal Information Processing Standards (FIPS) code that
designates the state from which each sample came. For the states being sampled
by the LASL, the code numbers are:

Montana
Nebraska
New Mexico
North Dakota
Oklahoma

= 30

= 31

= 35

= 38

- 40

South Dakota = 46
Texas = 48
Utah = 49
Wyoming = 56

LATITUDE AND LONGITUDE: Sample location, in degrees and decimal degrees to
four places. Although generally much better, locational accuracy cannot be
guaranteed closer than about 300 m (1000 ft).

DOE LAB: A Department of Energy (DOE) one-digit identifier designating the
DOE laboratory responsible for taking the samples and data shown in the list-
ings, as well as providing the analyses of the uranium and other elemental
concentrations, if any. The LASL is designated by the numeral 2.

SAMPLE TYPE: A two-digit identifier which
nent properties defining the sample type to
explanation of the code used, refer to the
section C of this appendix.

specifically designates the perti-
which the listed data relate. For
attached "Key to Samp;le Types," in

REPLICATE: A three-digit sequential number assigned to indicate a multiple
sample of a single sample type from a single location. The largest number in
use indicates the most recent sample taken and there will always be all small-
er sequential numbers representing earlier samples back to 0, which is the
initial sample from any given location. Except in the case of special studies,
there will be no replicate samples and this entry will therefore be a single
zero.

LASL SAMPLE LOCATION NUMBER AND FIELD DATA

LASL SAMPLE LOCATION NUMBER: A unique six-place alphanumeric designator perma-
nently assigned by the LASL to every location sampled. For internal use, these
numbers are assigned in blocks to the various areas individually treated and
reported upon, and therefore serve to generally locate the samples within vari-
ous areas for which the LASL is responsible as follows.

Location Numbers

001
001
001
001
001
001

through N99 999
through C99 999
through W99 999
through M99 999
and above
and above

000 001 and above

State

= Principally New Mexico
= Principally Colorado
= Principally Wyoming
= Principally Montana
= Alaska only
= Areas beyond the western boundary of LASL's

region as established by DOE in 1977.
= Areas beyond the eastern boundary of LASL's

region as established by DOE in 1977.

Alaska
Arizona
Colorado
Idaho
Kansas

= 02
= 04
= 08
= 16
= 20

NOO
C00
WOO
MOO
A00
LOO
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TIME SAMPLED: The DATE the sample was taken, in terms of the number of the
MONTH, followed by the DAY and finally the YEAR, separated by slashes, and
then the TIME it was taken on that date to the nearest whole HOUR on a 24-hour
clock.

AIR TEMPERATURE: The temperature measured in the shade at the time of sam-

pling, to the nearest whole degree Celsius (*C).

WATER TEMPERATURE: The temperature measured in the sample water (in situ
whenever possible) at the time of sampling, to the nearest one-half of one
degree Celsius (0.5 C).

COMMENTS: A "C" in this column indicates that some secondary comment not in-
cluded in the listing was recorded at the sample location. This information
will be used by the LASL in evaluating the data, and if appropriate, it will be
mentioned in the final report.

SPECIAL MEASUREMENTS: An "S" in this column indicates that one or more field
measurements in addition to those listed were made at the sample location. A
description of any special parameters measured and the measured value at each
sample location will be included in the final HSSR survey report on the area.

pH: The pH, to the nearest one-tenth (0.1) of a pH unit, measured in the
water at the sample location at the time of sampling.

CONDUCTIVITY: The conductivity, in ymho/cm, measured in the water at the

sample location at the time of sampling.

SCINTILLOMETER: The equivalent uranium (eU), in ppm,- as measured on a flat
ground surface within 10 m of the sample location using a scintillometer fitted
with a differential gamma sampler (DGS). The effect of the DGS is to introduce
a fixed geometry into the measurement and remove the background.

ROCK TYPE: The single digit in this column provides a general description of
the dominant lithologic regime at or near the sample location, as given below.

1 = Sedimentary 3 = Igneous
2 = Metamorphic 4 = Unknown

ROCK COLOR: The single digit in this column provides an indication of the ob-
served dominant color of local bedrock exposures at or near the sample loca-
tion, as given below.

1 = White/Buff 4 = Pink/Red 7 = Gray
2 = Yellow 5 = Green 8 = Black
3 = Orange 6 = Brown 9 = Other

SEDIMENT TYPE: The single digit in this column provides a subjective evalua-
tion of the dominant sediment type at the sample location, as given below.

1 = Boulders 4 = Sand 7 = Other
2 = Cobbles 5 = Mud
3 = Gravel 6 = Muck

SEDIMENT COLOR: The single digit in this column indicates the observed domi-

nant color of the bottom sediment (stream channel, lake bed, etc.) at the

sample location at the time of sampling, as given below.

1 = White/Buff 4 = Pink/Red 7 = Gray
2 = Yellow 5 = Green 8 = Black
3 = Orange 6 = Brown 9 = Other
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WATER FLOW: The single digit in this column provides a subjective evaluation
of the water movement at the sample location at the time of sampling, as given
below.

1 = Stagnant
2 = Slow

3 = Moderate
4 = Fast

5 = Torrent

WATER LEVEL: The single digit in this column provides a subjective estimate of
water quantity at the time of sampling, relative to its usual condition at the
sample location, as given below.

1 = Dry
2 =Low

3 = Normal
4 =High

5 = Flood

WATER COLOR: The single digit in this column provides a subjective evaluation
of suspended load in the sample water, as given below.

1 = Clear
2 = Murky

3 = Cloudy
4 = Muddy

5 = Algal
6 = Other

STREAM CHANNEL: The single digit here gives a subjective evaluation of stream
channel character at the sample location at the time of sampling, as given
below.

1 = Depositing 2 = Eroding 3 = Unknown

VEGETATION TYPE: The single digit in this column provides a subjective evalua-
tion of the dominant plant type in the vicinity of the sample location, as
given below.

1 = Conifers
2 = Deciduous
3 = Brush

4 = Grass
5 = Moss
6 = Marsh

7 = Other

VEGETATION DENSITY: The single digit in this column provides a subjective es-
timate of the amount of plant cover in the vicinity of the sample location, as
given below.

1 = Barren
2 = Sparse

3 = Moderate
4 = Dense

5 = Very Dense

RELIEF: The single digit in this column provides a subjective evaluation of
the topography within a few hundred meters of the sample location, as given
below.

1 = Flat
2 = Low (<15 m)

3 = Gentle (15-60 m)
4 = Moderate (60-300 m)

5 = High (>300 m)
6 = Other

WEATHER: The single digit in this column gives the observed climatic condition
at the sample location at the time of sampling, as given below.

1 = Clear
2 = Partly cloudy

3 = Overcast
4 = Rainy

OWNERSHIP: Not used.

CONTAMINANTS: The single digit here indicates known or suspected local factors
likely to influence analytical results, as given below.

1 = None
2 = Mining
3 = Agriculture

4 = Industry
5 = Sewage
6 = Power generation

7 Urban
8 = Recreation
9 = Other

5 = Snowy
6 = Other

158



WELL TYPE: If a well water sample, the single digit in this column provides a
general description of the type of well from which the sample was taken, as
given below.

1 = Windmill-stock 4 = Suction pump 7 = Hand bail
2 = Windmill-domestic 5 = Jet pump 8 = Unknown
3 = Submersible pump 6 = Large turbine 9 = Other

WELL DIAMETER: When shown, the one or two digits in this column give the mea-
sured or estimated inside diameter, in inches, of the well casing from which
the water sample came.

WELL DEPTH: When shown, the one, two, or three digits in this column give the
total drilled depth from the surface, in feet, of the well from which the sam-
ple came. Three 9s in this column indicates a well depth greater than 1000 ft.

WATER DEPTH: When shown, the one, two, or three digits in this column give the
known depth, in feet, from the surface to the standing water in the well. A -1
in this column indicates a flowing artesian well.

URANIUM CONCENTRATION: The value given in this column is the analytically de-
rived value of the total uranium concentration found in the water sample (in
ppb) or in the sediment sample (in ppm). Those uranium concentrations in
water that are shown with an asterisk were measured using the delayed-neutron
counting method, while those without an asterisk were determined fluoromet-
rically. The uranium analyses in water samples as determined by both of these
methods at the LASL are directly comparable, as noted in section A of this

appendix.

REMAINING ENTRIES: The data presented in the remaining entries of the list-
ings utilize no codes as such and are described in the respective column head-
ings. However, there are four conventions used throughout the listings of
elemental concentrations: a) all concentrations in waters are reported in ppb;
b) all concentrations in sediments are reported in ppm; c) concentrations
"less than" the lower detection limit are denoted by a minus sign before this
limit for the specific sample (except for fluorometrically determined uranium
in waters, the convention for which is described in section A of this
appendix) ; and d) a blank space in the data listings for any elemental
concentration signifies that no analytical result was obtained for that
element.
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APPENDIX III-C

KEY TO SAMPLE TYPES

This numerical key provides the necessary tie between the specific type
or form of each sample taken and each individual suite of field and laboratory
data to which the sample relates. It defines the various sample types collect-
ed by the LASL in the DOE HSSR for uranium.

The two-digit key number assigned to each sample type designates three
distinct properties of the samples taken. These properties are: (a) The gen-
eral sample source (spring, stream, dry stream, etc.); (b) The sample medium
(water or sediment); and (c) The treatment given the sample in the field or
laboratory prior to its analysis by the LASL.

The key numbers are inserted in the sample type columns of the specially
formatted DOE sample numbering system to positively identify the sample type
for all LASL sample data submitted.

KEY NO. SOURCE / MEDIUM / TREATMENT

01 - Spring water sample untreated.

02 - Stream water sample untreated.

03 - Well water sample untreated.

04 - Natural pond water sample untreated.

05 - Artificial pond water sample untreated.

06 - Spring water sample filtered through a 0.45- membrane filter and acidi-
fied to a pH of <1 with reagent-grade nitric acid (HNO3).

07 - Stream water sample filtered through a 0.45-p membrane filter and acidi-
fied to a pH of <1 with reagent-grade nitric acid (HNO3).

08 - Well water sample filtered through a 0.45-p membrane filter and acidi-
fied to a pH of <1 with reagent-grade nitric acid (HNO3).

09 - Natural pond water sample filtered through a 0.45-p membrane filter and
acidified to a pH of <1 with reagent-grade nitric acid (HNO3).

10 - Artificial pond water sample filtered through a 0.45-p membrane filter
and acidified to a pH of <1 with reagent-grade nitric acid (HNO 3 ).

11 - Wet spring sediment sample dried at <100*C and sieved to -100 mesh
through stainless steel sieves.

12 - Wet stream sediment sample dried at <100 *C and sieved to -100 mesh
through stainless steel sieves.

13 - Wet natural pond sediment sample dried at <100*C and sieved to -100 mesh
through stainless steel sieves.
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1 4 - Wet artificial pond sediment sample dried at <100*C and sieved to -100
mesh through stainless steel sieves.

15 - Dry stream sediment sample dried at <100*C (if necessary) and sieved to
-100 mesh through stainless steel sieves.

27 - Stream water sample acidified to a pH of <1 with reagent-grade nitric
acid (HNO3).

29 - Natural pond or lake water sample acidified to a pH of <1 with reagent-
grade nitric acid (HNO3).

96 - Dry natural pond sediment sample dried at <100*C (if necessary) and
sieved to -100 mesh through stainless steel sieves.

97 - Dry artificial pond sediment sample dried at <100*C (if necessary) and
sieved to -100 mesh through stainless steel sieves.

99 - Dry spring sediment sample dried at <100*C (if necessary) and sieved to
-100 mesh through stainless steel sieves.
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