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INTRODUCTION

This report presents the chemical analyses and statistical evaluation 

of 51 stream-sediment samples collected in the north-central part of New 

Mexico near Ojo Caliente (figure 1 and table 1). Analyses of spring and 

stream-water samples, taken at the same locations as the stream sediments 

throughout the Rio Ojo Caliente drainage basin, are reported in Wenrich- 

Verbeek and Suits (1979).

A high U concentration (15 yg/£) found in the water of the Rio Ojo 

Caliente near La Madera, Rio Arriba County, New Mexico, during a regional 

sampling-technique study in August 1975 by the senior author, was inves­ 

tigated further in May 1976 to determine whether stream waters could be 

effectively used to trace the source of a U anomaly. A detailed study of 

the tributaries to the Rio Ojo Caliente, involving 29 samples, was con­ 

ducted during a moderate discharge period, May 1976, chosen so that the 

small tributaries would contain water. This study discovered that Canada 

de la Cueva is the tributary contributing the anomalous U, so that in May 

1977, an extremely low discharge period due to the 1977 drought, an 

additional 33 samples were taken to further define the anomalous area.

Analyses of stream sediments collected near La Madera at the water- 

sample sites do not reflect highly anomalous U values as do the water 

analyses. Nevertheless, a small local anomaly can be outlined over the 

water anomaly if only the sediment size fraction less than 88 ym (170 

mesh) is considered. This is not the case for the size fraction less than

149 ym (100 mesh). This report presents and discusses the sediment results



Figure 1.

Localities where 
stream-sediment 
samples were 
collected.
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Table 1.  Sample collection sites in the Rio Ojo Caliente drainage area. 

SAMPLE # LAT LONG LOCATION NAME

*1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

*31
**32

33
34
35
36
37

*38
39

*40
*41

. *42
*43
*44
*45
*46
47
48
49
50
51
52
53

*54
55
56
57
58
59

36.366
36.364
36.364
36.383
36.383
36.410
36.388
36.388
36.434
36.480
36.497
36.522
36.523
36.538
36.350
36.612
36.614
36.644
36.687
36.720
36.720
36.436
36.495
36.495
36.592
36.591
36.546
36.546
36.537
36.364
36.366
36.371
36.370
36.371
36.371
36.369
36.367
36.367
36.368
36.416
36.454
36.306
36.306
36.306
36.306
36.306
36.519
36.538
36.587
36.557
36.584
36.610
36.641
36.379
36.574
36.592
36.591
36.390
36.383

106.049
106.047
106.046
106.037
106.356
106.015
106.006
106.015
105.978
106.001
106.010
106.027
106.011
106.028
106.044
106.114
106.107
106.059
106.120
106.156
106.157
106.063
106.112
106.112
106.184
106.168
106.169
106.171
106.148
106.042
106.042
106.059
106.058
106.058
106.058
106.057
106.051
106.050
106.049
106.017
106.042
106.053
106.053
106.053
106.053
106.053
106.041
106.058
106.461
106.081
106.050
106.024
106.193
106.061
106.153
106.161
106.160
106.032
106.033

SPRING NEAR LA MADERA
CANADA DE LA CUEVA ABOVE JCT WITH OJO CALIENTE
RIO OJO CALIENTE ABOVE JCT WITH CANADA CUEVA
RIO VALLECITOS ABOVE JCT WITH TUSAS RIVER
TUSAS RIVER ABOVE JCT WITH RIO VALLECITOS
CANON DE LA PALOMA BELOW SALT LICK SPRING
CANON DE LA PALOMA ABOVE JCT WITH TUSAS RIVER
TUSAS RIVER ABOVE JCT WITH PETACA CREEK
TUSAS RIVER NEAR SERVILLETA PLAZA
TUSAS RIVER SOUTH OF SOUTH PETACA
TUSAS RIVER AT SOUTH PETACA
CANADA DE LA JARITA
TUSAS RIVER ABOVE PETACA
TUSAS RIVER AT LAS TABLAS
GAGING STATION, RIO OJO CALIENTE AT LA MADERA  
SPRING CREEK ABOVE JCT WITH CLEVELAND GULCH
CLEVELAND GULCH
TUSAS RIVER AT TUSAS
TUSAS RIVER ABOVE JCT WITH CANADA BISCARA
LITTLE TUSAS ABOVE JCT WITH TUSAS
TUSAS RIVER ABOVE JCT WITH LITTLE TUSAS
RIO VALLECITOS AT BRIDGE ABOVE ANCONES
CANADA DEL BORRACHO AT VALLECITOS
RIO VALLECITOS AT VALLECITOS
VALLECITOS RIVER ABOVE LA JARA CANYON
LA JARA CANYON ABOVE RIO VALLECITOS
RITITO CANYON ABOVE JCT WITH VALLECITOS RIVER
RIO VALLECITOS ABOVE JCT WITH RITITO CANYON
RIO VALLECITOS BELOW CANON PLAZA
SPRING ON MESA AT S.W. BASE OF LA MADERA MTN.
SPRING AT BOTTOM OF FIRST MESA, W. SIDE LA MADERA MTN.
SPRING, UPPER CANADA DE LA CUEVA
SPRING, SIDE CANYON OF CANADA DE LA CUEVA
EAST SPRING IN BOX CANYON OF CANADA DE LA CUEVA
WEST SPRING IN BOX CANYON OF CANADA DE LA CUEVA
SPRING APPROX 1/2 KM UPSTREAM FROM HWY 111 IN CANADA DE LA CUEVA
CANADA DE LA CUEVA JUST UPSTREAM FROM HWY 111
UPPER HOT SPRING (POOL) 2 KM S. OF LA MADERA
LOWER HOT SPRING (WINE BREWERY) 2 KM S . OF LA MADERA
SERVIELLETA PLA2LA ROAD CROSSING OF CANON DE LA PALOMA
WELL NEAR TRIPLE E MINE
OJO CALIENTE "AS" HOT SPRING
OJO CALIENTE "FE" HOT SPRING
OJO CALIENTE "NA" HOT SPRING
OJO CALIENTE "NA PHOSPHATE" HOT SPRING
OJO CALIENTE "LI" HOT SPRING
POND ABOVE PETACA TO S. OF CANADA DE LA JARITA
CANADA DE LA JARITA 100 YDS BELOW SPRING DUE S. OF BIG ROCK
KIAWA LAKE
ALICE SPRING SOUTH OF POSOS LAKE
TUSAS RIVER APPROX 5 KM ABOVE LAS TABLAS
CATTLE POND NEAR SAWMILL CREEK
ROCK CREEK ABOVE EL VALLECITO RANCH
STATUE SPRINGS
ROAD CROSSING, CANADA DEL OSO
RITITO CANYON, W. TRIBUTARY ABOVE JCT
RITITO CANYON, E. TRIBUTARY ABOVE JCT
SEEP 0.8 KM EAST OF LA MADERA
SEEP 0.3 KM N.E. JCT OF TUSAS AND OJO CALIENTE RIVERS

*Water sample collected but no sediment.

**32A red precipitate, 32B stream sediment; water sample collected at this site also.



The data in the companion report on water in the Ojo Caliente area (Wenrich- 

Verbeek and Suits, 1979) is a demonstration that analysis of water of a 

drainage basin can identify areas of anomalous U, whereas the data in this 

report is a demonstration that analysis of the corresponding stream sediment 

may not.

GEOLOGIC BACKGROUND

The pegmatites of the Petaca mining district in northern New Mexico 

have been sources of commercial mica since the 17th century (Jahns, 1946), 

but it wasn't until 1930 that their U occurrences were first reported. The 

rocks in the Petaca-Ojo Caliente area are predominantly Precambrian quartzite 

and quartz-mica schist with lesser amounts of Precambrian amphibole schist, 

meta-rhyolite, and a medium-grained granite. These units are transected by 

pegmatite bodies and quartz-fluorite veins containing sparsely disseminated 

crystals of U minerals, notably samarskite. More than 200 pegmatites are 

present in the district, 69 of which contain accessory minerals. Of these 

69, 40 contain samarskite and less than 5% include other U minerals such as 

uraninite and uranophane (Jahns, 1946). Samples of a radioactive vitreous 

black mineral taken from the Fridlund deposit by the authors were found to be 

metamict euxinite. To the knowledge of the authors, euxinite has not been 

reported before in the Petaca mining district. Monazite is present in over 

80% of the accessory-mineral-bearing pegmatites and although the content has 

not been completely determined, it appears to be less than 1% in most monazites 

The Precambrian meta-rhyolite locally contains fluorite occurrences, several 

of which have been staked as claims. Neither the fluorite, mica, nor U is 

presently being mined in this area. U-bearing resistate minerals such as



samarskite and monazite are not generally amenable to commercial U milling 

circuits in the U.S.

No Paleozoic or Mesozoic rocks are exposed in the area above La Madera 

although the Tertiary Carson Conglomerate of Just (1937), and Tertiary and 

Quaternary Santa Fe Group are present. Quaternary basalt caps many of the 

mesas and Quaternary alluvium forms flat valley bottoms along some stretches 

of the Tusas and Vallecitos Rivers.

Numerous thermal springs occur in this region of New Mexico. Some 

of them have been studied by Summers (1976, p. 24-38) who reported a few 

Rn-222 determinations ranging from 820 to 9400 pCi/£, but no U. U concen­ 

trations are frequently low in springs of high Ra, the direct parent of Rn, 

but because of the different solubilities of Ra, Rn and U, and the loss of Rn 

as a gas, the range of U content in the hot springs of the Ojo Caliente area 

cannot be inferred from Summers' Rn data.

SAMPLING PROCEDURES

Sampling sites were chosen to represent the entire drainage of the 

Ojo Caliente area. The sampling in 1976 and 1977 concentrated on pinpointing 

the source of anomalous U in the Rio Ojo Caliente discovered during 1975. 

Samples were taken of each tributary and the main channel just upstream from 

the junction (far enough so that past flooding of the main channel would 

not have affected the stream sediment of the tributary). Figure 1 shows, 

and table 1 describes, the locations where water samples were collected; 

stream-sediment samples (listed with a *) were also collected at sites where 

available.

The stream-sediment samples represent composites of the top one or two 

centimeters of the bottom sediment collected along a zig-zag traverse upstream,



Selection of the fine material, silt- to clay-sized particles, from pools and 

the inside of meander bends was emphasized. The importance in geochemical 

exploration for U of the fine size-fraction sediment is discussed in Wenrich- 

Verbeek (1976) and is verified by the results of this study. Samples were 

collected in polyethylene plastic bags rather than cloth bags so that no 

fine sediment would be lost and no contamination during transport would 

occur.

CHEMICAL ANALYSES

Sediment samples were prepared before analysis by drying them in an 

oven at less than 100° F; they were then passed through solderless stainless- 

steel sieves into three size fractions: (1) < 88 ym, (2) between 88 and 

149 urn, and (3) > 149 ym. The > 149 ym fraction was discarded. The two 

finer size fractions were then submitted separately to the U.S. Geological 

Survey (USGS) analytical laboratories for analysis of the elements listed 

in table 2. Ten percent of the stream-sediment samples were divided by a 

sample splitter into two portions; both of these were submitted as separate 

samples in order to measure the analytical precision of laboratory results. 

All samples (including replicate samples) were randomly renumbered to insure 

that the replicate samples and the two size fractions for one location were 

treated without a prejudiced association by the chemical analyst.

PRESENTATION OF CHEMICAL DATA

Stream-sediment chemical analyses are listed in table 3; the units are 

in either ppm or percent and are indicated in the column header. Numerous 

abbreviations are used in the column headers because of space limitations;
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these are listed in table 2. All element symbols appear as capital letters

owing to computer limitations. In most cases, the method of analysis

is indicated by one of the following one-letter codes in the column header:

N Delayed neutron analysis

S Emission spectrographic analysis

A Atomic absorption

X X-ray fluorescence

Where no code appears, refer to table 2 for a description of the method 

used.

The eight-unit sample identification number indicates the sample 

locality, size fraction of the sediment sample and the date collected. The 

first two digits describe the sample location number. Table 1 lists the 

sites by location number. Samples in table 3 are further described by the 

third and fourth digits which refer to the size fraction of the sediment 

sample: 02 designates the 88-149 ym fraction (170-100 mesh); 03 the < 88 ym 

fraction (< 170 mesh). An "R" appearing in the third digit indicates that 

the sample is a replicate of the previous sample. The last four digits of 

the sample number identify the month and year of field collection.

Some values in table 3 are associated with the letter code "N". N 

indicates that no amount of the element was detected (no spectrographic line 

was visible) at the lower limit of laboratory detection, as opposed to "<" 

which indicates that the element was detected (a spectrographic line was 

present), but at a value less than the detection limit.

All Ojo Caliente analytical results for the elements listed with a ** 

in table 2 are below the corresponding detection limit; the data for these



elements are not listed in table 3 and are not discussed any further in 

this report.

Figures 2-1 through 2-18 are locality maps for stream-sediment samples 

and show data for those elements which have a significant variation through 

the drainage basin or are of special interest. Because of the log-normal 

distribution of most geochemical data, the data are divided by semi-logarithmic 

intervals. Legends on each map explain the intervals used. The values 

plotted for each locality are for the finest size fraction (< 88 ym) analyzed 

for that site since the detected amount of most elements is greater in the 

finer fraction. Where the coarser fraction has a value significantly greater 

than the corresponding fine fraction value, the location symbol is hachured 

and the reader is referred to table 3.

Where sample collection location was duplicated between the 1976 and 

1977 studies (samples #5 and #15), the 1977 data were plotted and the 1976 

data were not. Samples along Caffada de la Cueva, because of their close 

spacing, have been plotted on an enlarged blow-up of the area. Although 

samples 32A and 32B were collected at the same site along CaTiada de la Cueva, 

32A a red precipitate and 32B the bottom sediment, their values are shown 

side by side, 32B at the correct map locality and 32A adjacent to it.

STATISTICAL ANALYSIS

Stream sediments were collected at sample sites #5 and #15 in both 

1976 and 1977. Only the data obtained from the 1977 study were used in the 

statistical analyses so as not to weight the results towards these certain 

sites. Also, where two methods of analysis are reported for the same 

element (e.g. Zn), the values from the more reliable method were used.

10



Qualified data (such as greater or less than a certain value or not 

detected) or samples where analysis for certain elements was never performed 

appear in the analytical results (table 3) and are tallied in the frequency 

distribution diagrams (table 4). They are coded in table 4 as follows:

N Not detected at lower limit

L Detected, but less than lower detection limit

T Trace amount present

G Greater than upper detection limit

H No data because of analytical interference

B No analysis performed

The most common qualified data are those associated with N and L, which 

actually represents an interval within which the "true" value falls. For 

instance, a concentration of a certain element which appears as L 10 (less 

than a detection limit of 10 units) actually represents the range of values 

from >0 to 10. Since statistical analyses cannot be performed on a range of 

values, there are two courses of action:

(1) A value within the qualified range may be assigned to each

qualified value (e.g., for every L 10 appearing in the chemical 

analyses the value of 7 may be assigned). The philosophy behind 

replacement of qualified values is to preserve the lower end 

of the frequency distribution, which otherwise becomes truncated.

(2) All qualified data may be omitted from the data matrix (i.e., 

the sample is treated as though analyses for the element were 

never performed).

11



The authors have used the second option in this report rather than the first 

for fear that by assigning one number to a range of values (Method #1) the 

natural spread of data is reduced and biased statistics may result. The 

shape of the frequency curve acquires a peak at the assigned value using 

Method #1 and thus a normal distribution would be distrubed. However, there 

appears to be no significant difference in the correlation coefficients between 

the two methods for the 0;o Caliente data tested by the authors. The most 

significant difference in the correlation coefficients between the two 

methods occurs when greater than forty percent of the data are qualified; 

the spread of data is decreased when the qualified data are omitted (Method 

#2), and a correlation coefficient cannot be properly determined in this 

case. Thus, if more than forty percent of the data were qualified for a 

specific element, that element was eliminated from the statistical analysis.

Frequency distributions: Histograms of the frequency distributions 

for the various parameters determined in the stream sediments are illustrated 

in table 4. This table also shows the mean, standard deviation and variance 

which should be useful in the data interpretation of anomalous values. Like 

most geochemical data, the distribution of all parameters in stream sediments 

except Eu, ICO, Nd and Si02 are more log-normally distributed than normally 

distributed (easily determined by visual comparison of the histograms), so 

that their log distributions (shown with a prefix of L- beside the element 

symbol) have been used in the statistical analysis. However, geochemical 

distributions are seldom as normal as one would hope; some skewness and trun­ 

cation of the distribution curves is to be expected. Note that even though

12



the element data for Eu and Nd and the log of the element data for As (by 

atomic absorption) and inorganic C were chosen as the most normal distributions 

for these elements, they still have poor normal distribution and any following 

statistical analyses involving them may not be entirely conclusive.

Correlation coefficients: Table 6 shows a correlation matrix of all 

elements determined in sediments. The number of pairs used to determined 

the correlation for each two elements is listed in parentheses next to the 

respective correlation coefficient. Generally the log data, but occasionally 

the untransformed data if normally distributed, were used in calculating 

the correlation matrix.

Correlation coefficients must be interpreted very carefully. First, 

the scatter diagrams should be checked to make sure that one or two extreme 

samples are not forcing a significant correlation, in that the extreme value 

minimizes the spread in the remaining data. Then, geochemical controls must 

be considered; for example, the data should be scanned to make sure that a 

correlation between two metals is not due to a high organic content adsorbing 

both elements, rather than a true correlation between those elements.

Scatter diagrams: Scatter diagrams were plotted for the various para­ 

meters against U concentration, utilizing a Fortran program written by 

Jennie L. Ridgley (USGS). The scatter diagrams for sediments are shown in 

figures 3-1 through 3-37. On all scatter diagrams the element concentrations 

are plotted on the ordinate against U on the abscissa, and on a log-log 

scale.

The correlation coefficient, r, appears on each diagram along with the 

number of data pairs (n). Unless otherwise noted, correlation coefficients

13



were calculated from the log values of both data sets. If the correlation 

coefficient between U and another parameter is significant, the linear 

regression line was plotted on the diagram. Significance of correlation 

at the 99% confidence level is indicated by ** on the diagram next to the 

value of r and significance at the 95% confidence level is indicated by * 

next to the value of r.

Analysis of analytical precision: An analysis of the variance between 

samples as compared to the variation in analytical results for those elements 

showing significant variation throughout the drainage basin is shown in table 

5. The variation between samples appears in table 5 as the variance component 

associated with level 1 and depicted as a percentage of total variance by 

the first of these two numbers shown. The analytical differences between the 

replicate samples and their original couterparts is represented numerically 

by the variance component associated with level 2 and as a percentage by the 

second of the two percentage components. An asterisk appearing under the 

significance column indicates that the variation seen in the data is signi­ 

ficantly related to geological variation at the 95% confidence level and is 

not overwritten by analytical error.
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Figure 2-1. 
Uranium data at 
sample sites (ppm).
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Figure 2-2. 
Arsenic data at 
sample sites (ppm).
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Figure 2-5. 
Total carbon % at 
sample sites.
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Figure 2-6. 
Organic carbon °L 
at sample sites.
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Figure 2-7. 
CaO % at sample 
sites.
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Figure 2-8. 
Cobalt data at 
sample sites (ppm).
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Figure 2-9. 
Chromium data at 
sample sites (ppm).
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Figure 2-10. 
Copper data at 
sample sites (ppm).
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Figure 2-11.
at sample 

sites.
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Figure 2-12. 
MgO % at sample 
sites.
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Figure 2-13. 
Niobium data at 
sample sites (ppm).
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Figure 2-14. 
Scandium data at 
sample sites (ppm).
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Figure 2-15. 
Strontium data at 
sample sites (ppm).
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Figure 2-16. 
Vanadium data at 
sample sites (ppm).
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Figure 2-17.
Zinc data at sample
sites (ppm).
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Figure 2-18. 
Zirconium data at 
sample sites (ppm).
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