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INTRODUCTION

In 1967 and 1968, the U.S. Geological Survey drilled 13 research diamond 
drill holes in several of the major thermal areas of Yellowstone National 
Park, Wyoming (Fig. 1). The holes were completed for the purpose of obtaining

Figure 1 near here

detailed physical and chemical data on the shallow part of a high temperature 
geothermal system (White and others, 1975). Two earlier drill holes (C-I and 
C-II), drilled by the Carnegie Institution of Washington in 1929, are 
described by Fenner (1936). Depths of the 15 drill holes ranged from 65 to 
330 m and averaged about 150 m; maximum temperatures encountered in the drill 
holes varied from 143.1°C to 237.5°C (White and others, 1975).

Nearly continuous drill core was recovered from each of the drill holes. 
Typically the drill holes penetrated one or more of the following rock units: 
(1) thin layers of surficial opaline sinter (or travertine) deposited by 
hot-spring runoff, (2) a mantling of glacial sediments deposited during 
Pinedale glaciation (about 45,000-14,000 years B.P.; Pierce and others, 1976), 
and (3) rhyolitic lava flows and pyroclastic rocks of middle and late 
Pleistocene age (Christiansen and Blank, 1972).

Approximately 20-30% of each of the 13 U. S. Geological Survey drill cores 
was selected for detailed laboratory study, and similar "skeleton" cores from 
C-I and C-II were obtained from the Carnegie Institution of Washington. These 
15 "skeleton" cores were selected as being representative of a drilling 
interval or contained features of specific interest such as veins, vugs, 
well-developed secondary mineral relationships, or unusual secondary minerals.

Cores from the 13 modern drill holes were studied to identify the 
hydrothermal alteration mineral phases present. Details of these hydrothermal 
studies previously were reported for drill holes Y-l (Honda and Muffler, 1970; 
Honda and Sasaki, 1977), Y-2 (Bargar and Beeson, 1981), Y-3 (Muffler and 
others, 1971; Bargar and others, 1973), Y-5 (Keith and Muffler, 1978), Y-6 
(Bargar and Beeson, in press), Y-7 and Y-8 (Keith and others, 1978b), Y-ll 
(Muffler and Bargar, 1974; Bargar and Muffler, 1982), and Y-13 (Keith and 
others, 1978a). Additional reports are planned for drill cores Y-3, Y-4, Y-9, 
Y-12, and Y-13, and the two Carnegie drill cores. We do not intend to report 
on the Y-10 drill core, mostly a travertine drill core from Mammoth Hot 
Springs, although some information on this drill core is given in White and 
others (1975) and Bargar (1978).

The bulk of the 13 drill cores and the "skeleton" cores from drill holes 
Y-2, Y-5, Y-6, and Y-ll have been placed in a core library operated by the 
U.S. Geological Survey, Federal Center, Denver, CO, 80225. The remainder of 
the 1967-1968 "skeleton" drill cores also will be stored at this location upon 
completion of a few topical studies. The two Carnegie drill cores will be 
returned to the Carnegie Institution of Washington.



EXPLANATION OF CHEMICAL ANALYSES TABLES

Tables 1 through 4 list major and trace element analyses, as well as 
normative minerals, salic and femic percentages, differentiation index (D.I.), 
alumina/silica ratio, and ferric iron/ferrous iron ratio for selected core 
samples from drill holes in Upper Geyser Basin (Table 1), Lower Geyser Basin 
(Table 2), Norris Geyser Basin (Table 3), and the Mud Volcano Area (Table 4)

Tables 1, 2, 3, and 4 near here

(see Fig. 1 for drill hole locations). For the 13 U. S. Geological Survey 
drill holes, sample numbers (such as Yl-19.0), given at the top of each 
analysis column, consist of a prefix (ie. Yl) corresponding to the drill hole 
number as shown in Fig. 1 and a suffix (ie. 19.0) indicating depth in feet 
within the designated drill hole. The Carnegie drill holes C-I and C-II have 
a prefix YP and assigned numbers which are in sequence down the drill holes 
but have no relation to the depth. Except for two drill holes (C-I and C-II 
which have sample numbers begining with *YP in Tables 1 and 3) reported by 
Fenner (1936), the major element oxides listed in the tables are rapid rock 
analyses (Shapiro, 1967). These analyses were made in several batches between 
1975 and 1979 by H. Smith, N. Skinner, or L. Artis, all of the U. S. 
Geological Survey. Dashed lines in the tables indicate that the oxide in 
question was not detected in a particular sample; n.d. means that the element 
was not determined for the sample. The symbol (1, 2, X, etc.) just below the 
sample number of each analysis is a plotting symbol used in the graphic 
normative analysis program (GNAP) (Bowen, 1971). Normative minerals 
calculated by this computer program are listed below the major oxide analyses.

Trace element analyses by emission spectroscopy also were performed on the 
samples between 1975 and 1979 in multiple batches by the following analysts: 
J. L. Harris, L. Mei, J. Kent, M. Retzloff, or N. Rait of the U. S. Geological 
Survey. In addition, separate emission spectrographic analyses were obtained 
for Li, Cs, and Rb by R. Mays or J. Kent (U. S. Geological Survey) for several 
drill core samples (Keith and others, 1983). Dashed lines indicate that the 
element sought was not detected; n.d. means that the element was not 
determined. Limits of detection for a given element vary somewhat in the 
tables because of slightly different methods of analysis. Elements looked for 
but not found at the limit of detectibility for a given method in the 
semiquantitative spectrographic analyses of all samples include: As, Au, Bi, 
Cd, Ge, Hf, Ho, Ir, Lu, Pd, Pt, Re, Rh, Ru, Ta, Tb, Te, Tm, and U. Elements 
which were detected in only a few of the analyzed samples and were not listed 
in Tables 1-4 include: Dy (22 ppm in Y8-160.5, and 36 ppm in Y12-706.6), In 
(7.2 ppm in Y7-157.5, and 7.1 ppm in Y13-112.4), Pr (71 ppm in Y13-112.4), Sm 
(77 ppm in Y12-706.6), Th (63 ppm in Y9-617.5, 26 ppm in Y12-706.6, and 22-41 
ppm in several samples from drill core Y13), Tl (24 ppm in Y2-24, 4.7 ppm in 
Y13-149.9, and 70 ppm in YP 654), and W (210 ppm in Y2-24, 100 ppm in 
Y12-706.6, and 190 ppm in Y13-8).
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FIGURE CAPTIONS

Figure 1. Map of Yellowstone National Park showing location of U. S.
Geological Survey drill holes Y-l through Y-13, and the Carnegie 
Institute of Washington drill holes CI, and CII.
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