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INTRODUCTION

Geochemical sampling of rock, mineral occurrence, prospect, and deposit 
samples from the Mount Hayes quadrangle, eastern Alaska Range, Alaska, was 
conducted during field studies from 1978 through 1982, as part of a geologic 
study and multidisciplinary assessment of the mineral resource potential of the 
quadrangle. These studies were part of the the Alaska Mineral Resource 
Assessment Program (AMRAP) of the U.S. Geological Survey. This report presents 
the semi-quantitative emission spectrographic and atomic absorption analyses of 
1106 and 799 samples collected from north and south of the Denali fault, 
respectively. All samples were analysed for 31 elements (Ag, As, Au, B, Ba, Be, 
Bi, Ca, Cd, Co, Cr, Cu, Fe, La, Mg, Mo, Mn, Nb, Ni, Pb, Sb, Sc, Sn, Sr, Th, Ti, 
V, W, Y, Zn, Zr) by six-step semiquantitative emission spectrography; in 
addition, all samples were analyzed for Cu, Pb, and Zn by atomic absorption 
spectrophotometry.

This report provides a data base for: (1) establishing background levels of 
metals in geologic units to help interpret data from stream-sediment and heavy- 
mineral concentrate geochemical surveys, and from mineral occurrence, prospect, 
and deposit studies; (2) determining whether parts of any rock units have 
intrinsic value as potentially economic mineral resources; (3) detecting 
potentially valuable metals not visible in hand specimens; and (4) providing 
assays of samples containing visible metallic minerals. The data in this report 
will be utilized and interpreted in various parts of a folio on the geology, 
mineral resource potential, mineral deposits, exploration geochemistry, and 
geophysics of the Mount Hayes quadrangle. This report is the last of three 
reports of analyses of heavy-mineral concentrate, stream-sediment, glacial- 
debris, and rock samples from the quadrangle. The other reports were published 
by O'Leary and others (1981, 1982).

.Geologic studies (Nokleberg and others, 1982, 1983, 1985) show that the 
bedrock of the Mount Hayes quadrangle consists of a collage of tectono- 
stratigraphic terranes, each with a characteristic stratigraphy, structure, 
metamorphism, suite of mineral deposits, and geologic history. The tectono- 
stratigraphic terrane map and topographic map of the Mount Hayes quadrangle are 
used as a screened base for the location map (Plate 1). The major terranes 
north of the Denali fault are the Lake George, Macomb, Jarvis Creek Glacier, 
Hayes Glacier, Giddings, Aurora Peak, and Windy terranes. The major terranes 
south of the Denali fault are the Maclaren, Wrangellia, and Clearwater terranes, 
and a terrane of ultramafic and associated rocks. In addition, the Wrangellia 
terrane is further subdivided into the Slana River and Tangle subterranes, and 
the Maclaren terrane is subdivided into the East Susitna batholith and the 
Maclaren Glacier metamorphic belt. The terrane map also delineates the major 
granitic plutons of Jurassic through early Tertiary age, and areas of extensive 
surficial deposits.

Previous geochemical sampling of rock, mineral occurrence, prospect, or 
deposit samples in portions of the Mount Hayes quadrangle has been done by 
Kaufman (1964), Rose (1965, 1966a, b, 1967), Rose and Saunders (1965), and Smith 
and others (1973, 1975). A geologic bibliography of the Mount Hayes quadrangle 
as of 1980 was published by Zehner and others (1980).



SAMPLING AND ANALYTICAL PROCEDURES

Standard procedures were followed in the collection, preparation, and 
analysis of the rock -geochemical samples. The majority of the samples are 
"grab" samples of rocks chosen to provide background concentrations for dominant 
lithologic units. A lesser but significant number of samples were collected 
from mineral occurrences and mineral deposits, or from outcrops with conspicuous 
iron-staining, hydrothermal alteration, or visible metallic minerals. Samples 
were crushed, and a split of this material was pulverized to minus 100-mesh, and 
analyzed by a six-step semiquantitative spectrographic method (Grimes and 
Marranzino, 1968) for thirty one elements. Each sample was also analyzed for 
copper, lead, and zinc by atomic absorption spectrophotometry (Ward and others, 
1969), a more precise analytical method for these elements.

A number of factors contribute to bias and variability in sampling 
procedures. Variability of any sample is a combination of many factors, 
including the difficulty of obtaining representative samples from inhomogeneous 
rock bodies, differences of outcrop exposure due to differential resistance to 
erosion, and chemical weathering of outcrop surfaces. Snow, ice, alluvial 
cover, outcrop exposure, and availability of helicopter landing sites resulted 
in a lack of uniform sampling in some areas. Detailed geologic and sampling 
done at most major mineral occurrences and mineral deposits has resulted in data 
significantly biased in favor of higher values as compared to background values. 
Because of these factors, the requirement of truly random sampling, that all 
potential samples have an equal likelihood of being selected, was not met.

PRESENTATION OF GEOCHEMICAL DATA

Table 1 shows the limits of determinability for semiquantitative emmission 
spectrographic analysis and atomic absorption analysis. This information is 
important for interpreting the analytical data. Table 2 explains the 
qualification codes used in reporting six-step semiquantitative emission 
spectrographic analysis and provides a guide for understanding various chemical 
analysis abbreviations used in the analyses reported in Tables 5 and 6. Table 3 
provides the class intervals and midpoints on the six-step scale used for 
reporting the emission spectrographic analyses. Table 4 defines terrane 
designations and other rock and mineral abbreviations used in Tables 5 and 6. 
The term "terrane designation" is defined as the terrane, subterrane, or 
granitic rock map unit on the tectonostratigraphic terrane map from which the 
sample was obtained. In addition to these map units on the terrane map, 
Tertiary rocks north of the Denali fault are also separately designated; all 
occur in the Jarvis Creek Glacier terrane. The location of all analyzed rock 
samples are plotted on a tectonostratigraphic terrane and topographic base map 
of the quadrangle (Plate 1). Because the terrane map is generalized, a few 
sample locations, particularly those from granitic rocks, may only be near, 
rather than in the unit designated in Tables 5 and 6.

Tables 5 and 6, the -most important parts of the report, list the emission 
spectrographic and atomic absorption analyses of rock, mineral occurrence, and 
mineral deposit samples from north and south of the Denali fault, respectively. 
From left to right, Tables 5 and 6 list an eight-digit sample number, latitude, 
longitude, rock type, terrane, spectrographic analyses in weight percent for Fe, 
Mg, Ca, Ti, and Mn, spectrographic and atomic absorption analyses in parts per 
million (ppm) for Cu, Pb, and Zn, and spectrographic analyses in parts per 
million for the remaining elements. Rock types were determined from a petro-



logic study of a thin section of each sample, except for quartz veins. The 
column heading "S" in Tables 5 and 6 indicates emission spectrographic analysis; 
"AA" indicates atomic absorption analysis. Qualification codes, explained in 
Table 2, indicate that the concentration for some elements is outside the limits 
of determinability, or may have been affected by analytical interference.

The semiquantitative emission spectrographic analyses in Tables 5 and 6 are 
reported as the midpoints of geometric class intervals. There are six intervals 
per order of magnitude, and values listed in the data may be an integral power 
of ten times one of the listed class intervals. These class intervals are not 
evenly spaced when plotted arithmetically; however, they have constant width 
when data and interval boundaries are transformed to logarithms. Thus in the 
six-step spectrographic analysis, each succeeding class interval is greater than 
the last by the sixth root of ten (approximately 1.4.68). Midpoints and class 
interval boundaries are listed in Table 3.

PRECISION OF ANALYSES

The analytical precison of the six-step semiquantitative spectrographic 
method has been tested by a number of experiments. Motooka and Grimes (1976), 
after studying over 2700 separate analyses on 22 different geologic samples, 
concluded that on the average, the frequency that repeated analysis of the same 
sample will fall into the same "true" class interval plus or minus one or two 
intervals is approximately 83 percent and 96 percent, respectively. Thus, if a 
value is reported as 5.0, a repeated analysis has an 83 percent probability of 
being reported as 3.0, 5.0, or 7.0, at the 95 percent confidence level. They 
also found that precision tends to be less when the concentration of the 
elements falls near either the lower or upper determinability limit for that 
element. Motooka and Grimes (1976) also found that analytical variance is 
consistant for a variety of geological materials and shows no significant 
difference among most elements or concentration ranges, except near 
determinability limits.

Another study, using stream sediment samples (Johnson and others, 1980), 
indicates that for at least some elements, precision using the six-step 
spectrographic analysis varies appreciably. Johnson and others found that 
analytical variance for four elements varied greater than the two-step average 
(Cu by 3 steps, La by 3.5 steps, Ti by 3 steps, and Zr by 2.5 steps). This 
study indicates that for data with a narrow range of values, analytical variance 
will make up a significant portion of observed difference (in this study 22 to 
88 percent of total variance). However, in an area with high anomalies or a 
broader range of values, analytical variance tends to be less significant. 
Johnson and others (1980) also observed analytical variance in the atomic 
absorption method. Since this method is more sensitive and precise than the 
six-step spectrographic method, they are not reported on the six-step scale. 
The study found the analytical variance for atomic absorption of Cu, Pb, and Zn 
to be about 1.0, 1.5, and 0.5 steps respectively, at the 95 percent confidence 
level (Johnson and others, 1980).
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TABLE 1. LIMITS OF DETERMINABILITY FOR SEMIQUANTITATIVE 
EMISSION SPECTROGRAPHIC AND ATOMIC ABSORPTION ANALYSES

[S - semiquantitative emission spectrographic analysis; AA - atomic absorption 
analysis. Units are weight percent of sample for S-Fe, S-Ca, and S-Ti; all 
other analyses are parts per million (ppm)]

Analysis

S-Fe

S-Mg

S-Ca

S-Ti

S-Mn

AA-Cu

S-Cu

AA-Pb

S-Pb

AA-Zn

S-Zn

S-Ag

S-As

S-Mo

S-W

S-Sn

S-Sb

Limits 
Lower

0.0$

0.02

0.0$

0.002

10

5

5

5

10

5

200

0.5

200

5

50

. 10

100

Upper

20%

10%

20%

1%

5,000 ppm

None

20,000 ppm

None

20,000 ppm

None

10,000 ppm

5,000 ppm

10,000 ppm

2,000 ppm

10,000 ppm

1 , 000 ppm

10,000 ppm

Analysis

S-Co

S-V

S-Cr

S-Ni

S-Au

S-B

S-Ba

S-Be

S-Bi

S-Cd

S-La

S-Nb

S-Sc

S-Sr

S-Y

S-Zr

S-Th

Lower

5

10

10

5

10

10

20

1

10

20

20

20

5

100

10

10

100

Limits 
Upper

2,000 ppm

10,000 ppm

5,000 ppm

5,000 ppm

500 ppm

2,000 ppm

5,000 ppm

1 ,000 ppm

1 ,000 ppm

500 ppm

1 ,000 ppm

2,000 ppm

100 ppm

5,000 ppm

2,000 ppm

1 ,000 ppm

2,000 ppm



TABLE 2. QUALIFICATION CODES USED IN REPORTING SIX-STEP 
SEMIQUANTITATIVE EMISSION SPECTROGRAPHIC ANALYSES

Qualification Explanation 
Code

( ) Interference 

N Nothing detected

< Element detected, but below
lower limits of determinability

> Element detected, but above
upper limits of determinability

TABLE 3. CLASS INTERVALS AND REPORTED VALUES ON THE SIX-STEP SCALE

Reported Values Class Intervals

1.0 0.83 1.2
1.5 1.2 1.3
2.0 1.8 2.6
3.0 2.6 3.8
5.0 3.8 5.6
7.0 5.6 8.3
10.0 8.3 12.0



TABLE 4. TERRANE DESIGNATIONS AND ROCK AND MINERAL ABBREVIATIONS
USED IN TABLES 5 AND 6

TERRANES SOUTH OF DENALI FAULT

Designation Terrane

1 Slana River Subterrane of Wrangellia Terrane
2 Tangle Subterrane of Wrangellia
3 Maclaren Terrane
4- Clearwater Terrane
5 Terrane of Ultramafic and Associated Rocks
6 Granitic Rocks South of Denali Fault

TERRANES NORTH OF DENALI FAULT

Designation Terrane

11 Windy Terrane
12 Aurora Peak Terrane
13 Hayes Glacier Terrane
14- Giddings Terrane
15 Jarvis Creek Glacier Terrane
16, 17 Not Used

  18 Macomb Terrane
19 Lake George Terrane
20 Granitic Rocks North of Denali Fault
21 Tertiary Rocks North of Denali Fault

ROCK AND MINERAL ABBREVIATIONS

Abbreviation

carb 
kspar 
m. s. 
muse, 
plag

Explanation

Carbonate
Potassium feldspar 
Massive sulfide 
Muscovite 
Plagioclase



Table 5. EMISSION SPECTROGRAPHIC AND ATOMIC ABSORPTION ANALYSES OF 
ROCK, MINERAL OCCURRENCE, PROSPECT, AND DEPOSIT SAMPLES FROM THE 

NORTHERN MOUNT HAYES QUADRANGLE, EASTERN ALASKA RANGE, ALASKA
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