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A STREAM-SEDIMENT GEOCHEMICAL MAP (FROM NURE DATA) SHOWING 

BULK SILICA DISTRIBUTION WITHIN THE EOCENE SAN JOSE FORMATION, 

SAN JUAN BASIN, NEW MEXICO 

RICHARD M. CHAMBERLIN, JAMES S. HARRIS and MARGARET I. ONIMOLE 
New Mex ico Bureau of Mines and Mineral Resources. Socorro. New Mexico 8780 I 

Abstract- We present a geochemical map showing the estimated silica (eSiO,) content of 496 NURE stream
sediment samples collected within the Eocene San Jose Fonnation. This computer-generated map essentially 
shows the bulk distribution of quartz within the fonnation. The formation is clearly divisible into a central low
silica (low quartz) domain, a western intennediate-s ilica domain and a ~outheastern high-sil ica domain. Our 
follow-up stream-sediment sampl ing and analys is have verified the chemical patterns seen in the NURE data. 
Preliminary petrographic study of follow-up stream-sedi ment samples inuicates that quartz/fe ldspar ratios are 
relative ly constant within each silica domain, as defined by the NURE data. Some second-order noise within 
silica domains apparently retlects high concentrations of mudstone grains or heavy minerals in the NURE 
samples . Quart z/feldspar est imates from 44 thin sections of San Jose sandstones demonstrate a good correlat ion 
of granite-derived arkose with the low-silica domain, cherty subarkose with the intermediate-silica domain , 
and subfeldspathic arenite with the high-silica domain . We interpret the intermediate-,ilica . subarkosic strata 
and the high-silica, subfeldspathic strata as the products of southerly flowi ng early E.ocene river systems that 
entered the basin near Aztec and Llaves . respectively ; these rivers appear to have joined near Cuba. Preliminary 
field observations and second-order geochemical patterns suggest that the low-silica, arkos ic strata represent 
relatively thi n deposits of a younger river system which overlies the main body of San Jose strata. Additional 
data are needed to accurate ly define the geometry of low-si lica arkosic strata within the San Jose Formation. 

INTRODUCTION 

COLORADO 
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We present a reconnaissance geochemical map (Fig . I) that shows 
the es timated s il ica (eSiO,) content of 496 NURE stream-sediment 
samples collected within the Eocene San Jose Formation. This com
puter-generated map has been created as part of an o ngoing study 
concerning the geochem istry, m ineralogy, sedimentary petrology, flu 
vial architecture and provenance of the San Jose Format ion within the 
New Mexico portion of the San Juan Basin. This study began with a 
re lati vely unconstrained interpretation of stream-sediment geochemical 
data (Chamberlin , 1987) . The geochemical data were produced as part 
of the U.S. Department of Energy's National Uranium Resource Eval
uation (NURE)--Hydrogeochem ical and Stream Sediment Reconnais
sance (HSSR) program. Since 1987. the NURE data set (496 samples, 
analyzed for 32 di fferen t elements) has been examined utilizing nu
merous geochemical maps of indiv idual clements, se lected element 
ratios, scatter diagrams, histograms and cumulative frequency d ia
grams. This project has progressed p rimari ly through the ass istance o f 
computer-literate, undergraduate, work-study students at the New Mex
ico Institute of Mining and Technology (Margaret Onimole , 1987- 1990; 
and James Harris, 1990-present) whose tasks have been guided by the 
senior author. The sili ca distribut ion map (Fig. I) represents the sus
tained efforts and computer sk ills of the junior authors. The purpose 
of this study is to better understand the geology of New Mexico by 
cautiously using a large quantitative database from the public realm . 
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To validate the patterns seen in the NURE data, seventeen follow
up stream-sediment samples were collected by the senior author. The 
follow- up samples were sieved to minus 100 mesh, and analyzed by 
standard XRF techniques at the New Mex ico Bureau of Mines and 
Mineral Resources for all major components , including SiO,, volati les 
(i .e ., loss on ignition, LOI), and a few defin itive trace e lements. We 
a lso have completed semi -quantitative XRD clay-mi neral analyses of 
the minus two micron fraction of each fo llow-up sample us ing tech
n iques developed at the New Mexico Bureau of Mines and Mineral 
Resources. Thin sections of grain mounts from follow-up samples show 
that they consist , a lmost entirely, of varying proportions of quartz, 
feldspar and fin e-sand-s ized grains of semi-opaque mudstone. The se
nior au thor has made preliminary visual estimates of quartz/feldspar/ 
mudstone proportions for all the fo llow-up stream-sediment samples. 
A lso, quartz/fe ldspar/lith ic ratios have been estimated for thin sections 
of 44 San Jose sandstones collected at widespread loca tions across the 
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FIG URE I. A reconnaissance geochemical map showing the estimated sil ica 
content (eSi0 2 ) in the fine -grained fraction (minus 100 mesh) of 496 Holocene 
stream-sediment samples collected from second- and third-order drainages within 
the Eocene San Jose Fonnat ion, New Mexico. Original sample location data 
and major clement data (A l, Fe, Ti , Mg, Ca. K, Na) used to calculate eSiO, 
are from U.S. Department of Energy open-file reports that present NURE-HSSR 
data for the Aztec 1 ° x 2° quadrangle (U.S. Department of Energy, I 978 , 198 I ). 
The map is subdiv ided into three broad compositional domains: a southeastern 
high-si lica domain (SE). a western intennediate-silica domain (W), and a central 
low-s ilica domain (Cl; the latter apparentl y includi ng a small outlier within the 
western domain. 
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basin. These new chemical and mineralogical data (Chamberlin and 
Harris, unpubl. data) permit a more confident empirical interpretation 
of the silica distribution map than was previously possible. 

MAP PRODUCTION 

The San Jose Formation makes an ideal target for a stream-sediment 
reconnaissance survey due to a well-developed dendritic drainage pat
tern. a great area of exposure (7300 km'), simple structure. and an 
isolated topographically high position in the regional landscape (which 
allows for a relatively minor Pleistocene cover). As part of the NURE
HSSR program. 511 stream-sediment samples were collected from sec
ond- and third-order arroyos draining the San Jose Formation within 
the Aztec IO X 2° quadrangle (U.S. Department of Energy, 1978, 1981 ). 
Ten samples. collected in the Canyon Largo area, have been deleted 
from the original NURE data set because they represent fourth-order 
Pleistocene valley fills, carried about 30 km from their source. Four 
anomalously boron-rich (tourmaline rich?) samples collected down
stream from Pleistocene piedmont gravels near Cuba have also been 
deleted because they represent Quaternary detritus de rived from Pro
terozoic rocks in the San Pedro Mountains. And finally, one strontium
rich sample collected downstream of a basaltic dike near Dulce has 
been deleted because it represents a middle Tertiary dike . 

To maximize legibility and spatial relationships, the point value sym
bols representing each sample (Fig . I) have been re located to the ap
proximate center of their respective catchment area. Catchment areas 
range from 2-40 km' and average about 15 km'. Most samples are 
shown within 5 km of the actual point of collection. Local topographic 
relief, essentially equivalent to the stratigraphic range of the sample, 
varies between 30 and 200 m. Thus, each sample may be regarded as 
a composite or bulk sample representing a significant fraction of the 
San Jose Formation. 

The fine-grained fraction (minus I 00 mesh) of each NURE stream
sediment sample from the Aztec quadrangle was analyzed by plasma
source emission spectrography at the Oak Ridge Gaseous Diffusion 
Plant for 24 trace clements, and all major constituents (Al, Fe, Ti, Mg, 
Ca, K, Na) except silicon and combined water (H,O + ). We converted 
major element concentrations in the NURE data set to their oxide 
equivalents using standard gravimetric constants, found in most geo
chemistry textbooks. We then calculated the estimated silica content 
(eSiO,) of each NURE sample using the formula: cSiO, + H,O+ + 
CO,= 100 percent-(Al,0, + Fe,O, + TiO, + MgO + CaO + K,O + NaO,). 
Petrographic study of follow-up samples and CaO/ Al,0, statistics for 
NURE samples indicate that nearly all of the NURE samples (488 of 
496) contain negligible calcite (less than 0.7% CaCO,, or 0.3% CO, ). 
Published data for argillaceous sandstones (Hill et al., 1967, p. 219), 
and our own LOI data for the 17 follow-up samples, indicate an average 
combined water content of 5 ± 3% H,o+. For the above calculation of 
estimated silica we have assumed a constant combined water content 
of 5% and a negligible CO, content. 

Based on measurements control (precision) information provided in 
the original tabulated NURE data (U.S. Department of Energy, 1981, 
p. 16) and the average composition of NURE stream-sediment samples 
derived from the San Jose, we have calculated the maximum analytical 
error to be ± 1.3% eSiO,. The maximum analytical error occurs when 
the sum of major oxides equals 28%, which is equivalent to an eSiO, 
concentration of 67% eSiO, (95-28 = 67). Because the calculation is 
based on subtraction of the measured values from a constant, the relative 
analytical error actually decreases to ± 0.3% at 89% eSiO,. The un
certainty of combined water and carbonate content, combined with 
analytical error, indicates that our calculated estimate of SiO, content 
is normally within 5% of the actual Si 0, content of each sample. Better 
empirical corrections for combined water and CO, content, based on 
regression analysis of Al,O, and CaO data, could increase the accuracy 
of estimated SiO, to ± 2.5%. 

A class interval of 2.5% eS iO, was chosen to represent the main 
body of samples (i.e., 417 of the 496 samples shown on Fig. I). which 
range from 72.5 to 82.4% eSiO,. This class interval was chosen fol
lowing inspection of a cumulative frequency diagram (Fig. 2), which 
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FIGURE 2. A cumulat ive frequency diagram depicting the estimated silica 
content (eSi02) of 496 NURE stream-sediment samples derived from the Eocene 
San Jose Formation. Class intervals and point-value symbols match those shown 
on Fig . I. 

indicates a median value of 77.3% eSiO, and distinct decreases in 
frequency above 85% eSiO, and below 72% eSiO,. A useful class 
interval must be larger than the maximum analytical error, yet small 
enough to show potential trends within the main body of data; 2.5% 
eSiO, seems to fit both of these constraints reasonably well. Larger 
class intervals at the high end (4.4%) and low end (5 .3%) of the 
spectrum do not violate the above principles and permit the use of a 
smaller number of visually distinct symbols. A computer program en
titled GSPOST, version 1.0, by Seiner et al. ( 1987), was used to plot 
the symbols representing estimated silica content. 

MAP INTERPRETATION 

The geochemical map, shown as Fig . I, is designed to allow a rapid 
visual analysis of regional (first-order) trends in silica concentration . 
The map also allows rapid recognition of statistically significant (large) 
differences in silica content (e.g., southwest of Llaves) that form "noise·• 
within the first-order trends. It is clear that the class interval could be 
doubled in size, to 5%, and the map would still show the same regional 
trends. In other words, this geochemical map appears to be statistically 
robust (i.e., it is hard to mask the primary signal). 

It is well established (Pettijohn, 1963, table I) that the SiO, con
centration in siliciclastic sediments decreases with decreasing grain size. 
In arkosic sediments, SiO, decreases with increasing feldspar content 
(Pett ijohn. 1963, table 8). Since NURE stream-sediment samples have 
been sieved to minus 100 mesh (lower-fine-sand-size and smaller grains). 
the chemical data are biased toward lower SiO, values. However, this 
grain-size bias is a consistent component of all NURE data, and has 
no significance in this case where NURE data is compared to itself. 

The geochemical map (Fig. I) clearly shows that the San Jose For
mation is divisible into a southeastern high-silica domain (SE), a west
ern intermediate-s ilica domain (W) and a central low-silica domain (C). 
Field observations and details within the NURE data set (e .g., distri 
bution of heavy mineral indicators Fe and Ti) do not allow the first
order silica domains to be interpreted as a function of regional grain 
size distribution; a central lacustrine facies is not apparent. The only 
reasonable alternative remaining is that these three si lica domains rep
resent the bulk distribution of quartz in the San Jose Formation . 



SEDIMENT GEOCHEMISTRY 

Other NU RE data (boron and radiometric K40
) and our fie ld obser

vations indicate the presence of a fourt h geochemical domain at the 
base of the formation west of Dulce (Carracas Canyon area). This small 
intermediate (?)-si lica domain is not apparent on the eSiO, map, because 
its signature in the Holocene sediments is largely masked by low-silica 
(feldspar-rich) sediment derived from topographically higher strata. 
Add iti onal discussion of this small domain is beyond the scope of this 
article. 

It is important to point out that the domain boundaries of Fig. I may 
represent sharp compositional breaks in the Eocene strata that have been 
made to look gradational by mixing of dist inctly di fferent Eocene sed
ime nts in Holocene streams. Table I illustrates that the three major 
sil ica domains (Fig. I ) have other distincti ve geoc hemical signatures 
that represent lower-order variat ions in fe ldspar, clay, mica and/or heavy 
mi neral content. The ratio of heavy mineral indicator elements (Fe, Ti, 
Zr) to light mineral indicator elements (Al, Mg), which can be used to 
calculate a stream-energy index for each sample, is a subject that will 
not be pursued here . 

A comparison of the silica di stribution map with our unpublished 
geochemical maps showing iron , magnesium and phosphoru s distri
buti on strongly suggests that the gradational boundary of the central 
domain with the western domain is mostly due to sediment mixing in 
Holocene streams. Along this line, it is also important to note that the 
central low-si lica domain is located on the topographically high eastern 
side of an escarpment that trends sout h from the state line at Carracas 
Mesa (west of Dulce) to Canada Larga (west of Llaves). 

Duval ( 1988) has published aerial gamma-ray contour maps (prepared 

TABLE I . Summary of univariate statist ical data (mean and standard deviation, 
s.d.) for 425 NU RE stream-sediment samples representing three compositional 
domains (see Fig. 1) within the Eocene San Jose Formation. The principal data 
set of 496 samples (Fig. I) has been edited to 425 samples in order to reduce 
the effects of mix ing at domain boundaries. The relative ly distinctive geochem
ical signatures of each domain are listed in bold type . 

Domain: Central Western Southeastern 
(low silica) (intermediate (high silica) 

silica) 

No. Samples: 190 179 56 

Major Constituents : 
(wt. percent) mean ± s.d . mean ± s.d. mean ± s.d . 

eSiO2 73.4 ± 2.4 78.8 ± 1.9 81.2 ± 4.9 
eSiO2 (mode) (72. 8) (79 .4) (86.0) 

Alp3 11.3 ± 1.7 9 .3 ± 1.2 7 .7 ± 3 .2 
T iO2 0 .6 ± 0 .2 0 .5 ± 0 .1 0 .4 ± 0 .2 
Fe2O3 4.0 ± 0.8 2. 4 ± 0 .6 2.8 ± 1.1 
MgO 1.0 ± 0.3 0 .6 ± 0 .2 0 .6 ± 0 .3 

KP 1.8 ± 0 .3 1.6 ± 0. 3 1.2 ± 0.3 
CaO 1.0 ± 0.3 0 .7 ± 0.2 0 .7 ± 0.2 
Na2O 1.1 ± 0 .3 1.1 ± 0 .2 0.3 ± 0.2 

Trace Constituents : 
(ppm) mean ± s.d . mean ± s.d . mean± s.d . 

p 538 ± 170 266 ± 62 328 ± 99 

y 20 ± 5 14 ± 3 14 ± 5 

Th 8 ± 5 9 ± 5 6 ± 5 

Zr 84 ± 46 61 ± 15 83 ± 35 
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from NU RE aeroradiometric flig ht line data), which show the relative 
distribution of potassium . thorium and uranium in surface materials 
across New Mexico. Our unpublished stream-sediment map showing 
potassium distribu tion in the San Jose Formation compares very well 
wi th Duval 's map of radiometric potass ium. In fac t, the boundary 
between the low-potassium, high-silica southeastern domain and the 
relati vely high-potassium central and western domains is sharp and well 
defined on Duval 's map of K41

' distri bution. Duval' s map and our pre
liminary field observations strongly suggest that the low-silica (high 
potassium) central domain (Table I) truncates and overlaps the high
s ilica (low potassium) southeastern domain about 25 km south of Dulce. 
Stratigrap hic impl ications of these observations are discussed below. 

Ou r follow- up stream-sediment samples agree in all respects wi th 
the sil ica patterns de fi ned by the larger NU RE data set. Prel iminary 
petrographic examination of grain mounts from the follow- up samples 
ind icates that wi thin the three major si lica domains, quartz/feldspar 
ratios are relat ively constant. Estimated quartz/feldspar ratios for the 
high-silica (SE). intermediate-silica (W), and low silica (C) domains 
are respectively I 0/1, 4/ I and I /1. Follow-up samples also indicate that 
NU RE samples with a distinctly low-silica content , which create " noise" 
wi thin a domain , refl ect either unusually high concentrations of mud
stone grains (which range from 10 to 70% by volume) or hig h con
centrations of heavy Fe-Ti oxides ( 1-5% by volume). Mud-rich samples 
in the NU RE data set are distinguished by relatively high concentrations 
of alum ina. Heavy mi neral-rich samples typically contai n disti nctly high 
concentrations of Fe. Ti, Zr, Y, Ce, Th and/or U. 

Prelim inary petrographic data from 44 thi n sections of San Jose 
sandstones show a good correlation of sandstone petrology with the 
high-, intermediate- and low-silica domains defi ned by the NURE data. 
These th in sections were prepared at a commercial laboratory and have 
been stained fo r potass ium fe ldspar and plagioclase us ing standard 
techniques. Staini ng greatly increases the accuracy of estimated quartz/ 
fe ldspar ratios. 

Sandstones from the low-si lica central domain are classi fied as gran
ite-derived arkose containing 40 to 50% feldspar. Potass ium fel dspar 
(mostly microcline) and twinned plagioclase occur in subequal pro
portions. Micas and heavy minerals are relati vely abundant. Sandstones 
from the wes tern intermediate-s ilica domain are classifed as cherty ( I 0-
15%) subarkose containing 20 to 25% fe ldspar. Potassium fe ldspar 
(orthoclase and microcline) is subequal in volume to untwinned sericitic 
plagioclase plus finely twinned plagioclase (albite?). Sandstones from 
the high-silica southeastern domain are classified as subfeldspathic ar
enites containing 5-10% fe ldspar. Microcline is about 4 times more 
abundant than plagioclase . Coarser-grained sandstones from the south
eastern domai n contain a larger volume (20-40%) of metaquartzi te 
lithic fragments than fine-grained sandstones from the same domain . 
The quartz is almost entirely monocrys talline in the fi ne-grained sand
stones. These variations in lithic content have no chemical express ion. 

Standard semi-quantitat ive c lay mineral analyses of follow-up sam
ples at the New Mexico Bureau of Mines and Mineral Resources (J. 
Harris, unpu bl. data) indicate that kaolin is dominant (6 to 8 parts in 
I 0) in the mudstones of both the low-si lica and intermediate-silica 
domains. Clays derived from the central low-silica domain contain 
subequal concentrations of kaol in and illite, together with a minor 
amount of mixed layer illite-smectitc . 

GEOLOGIC IMPLICATIONS 

The Eocene San Jose Formation is generally described as consisting 
of inte rtonguing arkos ic sandstones and varicolored mudstones of fl uvial 
origin (e.g ., Smith and Lucas, 1991). The formation has been subdi
vided into a basal sandstone (Cuba Mesa Member), a medial mudstone
dominated Regina Member, a medial to upper sandstone-dominated 
Llaves Member, and an uppermost red muds tone-domi nated Tapicitos 
Member (e.g., Manley et al. , 1987). Mapping of sandstone members 
has been based on apparent continui ty in outcrop, and the subsurface 
projection of outcrops using closely spaced well-log data (Smith and 
Lucas, 199 1 ). Bulk sandstone composi tion has not been used as a 
mapping criteria . 



320 

With all th is in mind, the s ilica distribution map (Fig . I ) can now 
be viewed as a crude geologic map s howing the distribution of low
si lica arkosic strata (C), intermediate-si lica subarkosic strata (W), and 
high-silica subfeldspathic strata (SE). Comparison with the geologic 
map of Manley et al. (1987 ) shows a good correlation of the inter
mediate-s ilica subarkosic strata with the Cuba Mesa and Regina Mem
bers of the San Jose along the west flank of the basin. However, the 
combined Llaves-Tapicitos Members , as mapped by Manley et al. (I 987) 
clearly includes both high-silica subfeldspathic strata near Llaves and 
low-s ilica arkosic strata about 40 km west of Llaves. Our experience 
shows that hand specimens of arkose, subarkose and subfeldspathic 
sandstones (identified in thin section) are indist inct to the naked eye, 
even when one is informed of the differences . Additional criteria (pos
sibly the color of associated mudstones) must be established if these 
geochemically mappable units are to be accurately mapped in the field. 

In conjunction with the paleocurrent , sandstone continuity and pa
leontological data presented by Smith and Lucas (1991), it now seems 
almost certain that the intermediate-silica subarkosic strata and the high
silica subfcldspathic strata represe nt early Eocene river systems that 
entered the basin near Aztec and Llaves, respectively. The early Eocene 
r ivers apparently flowed southward and joined near Cuba. 

The San Jose Formation fills a north-south-trending synclinal basin 
of Laramide ancestry. San Jose strata on the east and west flanks of 
the basin dip gently toward the axis of the basin. Thus, it appears that 
the high-s ilica southeastern domain and the intermediate-si lica western 
domain represent a significant volume of the formation, from its base 
to near its eroded top. 

Second-order geochemical patterns of titanium, magnesium and po
tassium distribution within the central low-si lica arkos ic domain indicate 
that these arkosic strata were also deposited by a southerly flowing 
river system. This interpretat ion is indepe ndent ly supported by paleo
currcnt data of Smith and Lucas ( 199 1, fig . 29). If the central low
silica arkosic river system was contemporaneous with (i.e., intertongued 
with) the intermediate-silica subarkosic system and the high-silica 
subfe ldspathic system, then the low-silica geochemical domain should 
extend down to the base of the fo rmation in the area west of Cuba. 
This possibility is not supported by the silica distribution map (Fig. I). 
T hese geoc hemical constraints and our preliminary field observations 
suggest that deposits of the central low-silica arkos ic river system are 
relatively thin and st ratigraphically overlie the main body of the San 
J osc Formation. Additional data are needed to accurately define the 
geometry of low-si lica arkosic strata in the San Jose Formation. 

Paleocurrent and compositional data presented by Brister ( 1990, p . 
I 03) suggest that the arkosic Bl anco Basin Formation (in the vicinity 
of the Needle Mountains, Laramide San Juan uplift) could be the prox
imal equivalent of the low-silica arkos ic strata interpreted here as part 
of the upper San Jose Formation . 

To our knowledge, all lower Eocene vertebrate fossils discovered in 
the San Jose Formation have come from intenned iate-si lica subarkosic 
strata near Gobernador (Smith and Lucas, 199 1) , or from high-si lica, 
subfcldspathic strata near Regina and east of Gavilan (Lucas et al. , 
I 98 I , fig. 3). The age of low-si lica arkosic strata in the central part of 
the bas in apparently may be constrained as post-early Eocene and pre
late Oligocene . Basaltic dikes southwest of Dulce, which cut the arkos ic 
strata, have been radiometrically dated at approximately 27 Ma (Aldr ich 
et a l. , 1986, stress indicator no. 307, p . 6201) . 

The most significant conclusions of this investigation are summarized 
in the abstract and will not be repeated here. 
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