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ABSTRACT 

Selected major oxides, volatile elements, and trace elements were 
analyzed on sets of samples collected from fossil fumaroles in the fallout and 
ash-flow tuff emplaced during the 6-8 June 1912 eruption of Novarupta. 
Analytical results are presented in this report and references are given for 
publications in which the data is interpreted. 

INTRODUCTION 

The purpose of this report is to present the analytical results of samples 
from fumarolically altered parts of the ash-flow sheet and overlying fallout 
deposits from the 6-8 June 1912 eruption of Novarupta (Hildreth, 1983, 1987; 
Fierstein and Hildreth, 1992) in what is now Katmai National Park. Several 
papers already published are based on the data in this report (e.g., Keith, 1984, 
1991a, 1991b; Kodosky and Keith, 1993,1995). Papers by Papike and others 
(1991a, 1991b) include analytical data from some of the same samples but 
these data were obtained using different analytical techniques. 

Samples were collected from ash-flow tuff that was altered by acidic 
fumarolic gases along vertical vent walls. Trace elements from the altered 
wallrock combined with the acid gases and were transported to the surface 
where rapid cooling took place. Minerals and unstable chemical phases 
sublimated onto clasts in the porous fallout deposits cementing the fallout 
adjacent to fumarolic vents. These features in the ash-flow sheet are very 
resistant to weathering and clearly define the fossil fumarole orifices (Keith, 
1991a). 

The leaching process continued in the fallout deposits at the surface as 
acid gases combined with surface waters to form sulfuric, hydrochloric and 
hydrofluoric acids. As the fumaroles cooled and died out, surface waters 
neutralized the surficial acids and the system equilibrated at the surface. 
Water soluble and metastable chemical phases and minerals containing 
abundant trace metals were removed from the system by dissolution in 
surface waters (Keith, 1991a). 

SAMPLE COLLECTION AND NUMBERING 

Fist- to golfball-sized samples were collected from exposures of 
fumarolically altered fallout and ash-flow tuff from selected fossil fumaroles 
throughout the Valley of Ten Thousand Smokes (VTTS). Each fossil 
fumarole site was given a number (fig. 1). Samples from each site were given 
two numbers designating the year collected, KAT for Katmai National Park, 
and the fossil fumarole site number. Capital letters beginning with A 
designate the location of the sample with respect to the fumarolic orifice for 
the site. The letter A signifies a sample very close to the vent, whereas 
succeeding letters are consecutively away from the vent. Some variances to 



this scheme occur because of complex or multiple fumarolic vent geometry 
and complex alteration patterns. Thus, sample 79KAT-15A was collected in 
1979 at Katmai National Park from fossil fumarole site 15 (fig. 1) and is the 
first in a sequence A through E (tables 1,2). A few samples were split into 
subsets with another number following the letter, e.g., 79KAT-15A1. 

The major component of most samples is pumice composed of altered 
to partially altered rhyolite, dacite, or andesite. Phenocrysts in the pumice 
include small percentages of plagioclase, clinopyroxene, orthopyroxene, and 
rare olivine (Hildreth, 1983). The specific composition of fumarolically 
altered ash-flow tuff and fallout depends partly on protolith composition. 
Rhyolite protolith is abundant in the lower VTTS and scarce in the middle 
and upper valley, dacite is the major component in the middle and upper 
VTTS ash-flow sheet and fallout units blanketing the ash-flow sheet, and 
andesite is more abundant in the Novarupta vent region relative to the rest 
of the VTTS. 

Interpretation of fumarolic alteration and deposition in the 1912 
deposits from which the analyzed samples were collected can be found in the 
papers listed in the references. 

CHEMICAL DATA FOR FUMAROLICALLY ALTERED SAMPLES FROM 
THE VALLEY OF TEN THOUSAND SMOKES 

All analyses were done by US Geological Survey (USGS) analysts in 
Menlo Park, CA and Denver, CO. Many sample splits submitted for analysis 
were smaller than the desired weight to obtain the best precision, especially 
some of those run for trace metals. 

Major oxides on selected whole-rock samples (table 1) were analyzed 
using the wavelength-dispersive X-ray fluorescence (XRF) technique 
described by Taggart and others (1987). Analysts for samples in table 1 were J. 
Taggart, A. Bartel, E. Siems, J. Ardith, K. Bartel, K. Stewart, J. Carr, and L. 
Espos. 

Analyses of FeO, H20+, H20-, and CO2 were obtained on most of the 
same samples for which major oxides were analyzed (table 1). These 
components are known as the "XRF support package" by USGS because these 
are the major components which are volatile and listed as Loss on Ignition 
(LOI) in the XRF analysis. Techniques used for the VTTS samples are 
described by Jackson and others (1987). Analysts were T. Fries, S. Pribble, and 
S. Neil. 

C1, F, and total sulfur content of selected whole-rock samples were also 
run (table 1) using techniques described by Jackson and others (1987). Analysts 
were N. Elsheimer, S. MacPherson, G. Mason, J. Graves, and E. Engleman. 

Semiquantitative emission spectrographic analyses for many samples 
(table 2) were done to determine relative depletions and enrichments of trace 
elements within fumarolic deposits. Techniques used are given in Golightly 
and others (1987), however, modifications were made to these techniques in 
order to attain lower limits of detection of some elements. The analyst for all 



samples was C. Heropoulos, except those from sites 113 and 127 which were 
done by R, Lerner. Many of the samples were reanalyzed for chalcophile 
elements (As, Au, Bi, Cd, P, Te, TI, Sb, Se, Zn, Hg) by C* Heropoulos using a 
short-wave radiation (SWR) technique which he adapted to obtain more 
precise values on small samples with low chalcophile element contents, 

The following elements were sought using semiquantitative emission 
spectrographic analyses but were not found at the given limit of detection (in 
parts per million [pprn]): Ce (<50), Pd (<I), Pt (<5) ,  Te (<I by SWR), and U 
(450).  Semiquantitative spectrographic analysis includes Si, Al, Na, K, P, Fe, 
Mg, Ca, and Ti (in weight percent) and for Mn (in pprn) (table 2). Better 
analyses for these elements were obtained as major oxides by the XRF method 
(table I), however, since many samples were not analyzed for major oxides, 
the semiquantitative spectrographic analytical results are included in table 2. 

Limits of detection for semiquantitative emission spectrographic 
analysis are given in Golightly and others (1987). However, because of 
variations in the techniques used for the analyses in table 2, the limit of 
detection is given by less than (<) followed by the value. For samples from a 
given site, N means a particular element was not detected at the limit of 
detection heading that column. For example, Nb for site 15 has limit of 
detection of 10 ppm, so the first sample in the Nb column is given as N 4 0  
pprn with following samples showing N, which means 10 pprn is the lower 
limit of detection for Nb in all the site 15 samples. Sample 79KAT-15E, 
however, shows a Nb value of 7 ppm because a larger sample was available 
for analysis and a lower limit of detection could be attained. Some of the 
limits of detection for the same element in a series of samples from a single 
fumarole site may be different because of sample size, e.g., for sample 82KAT- 
127A Mn is < 400 pprn but for 82KAT-127B Mn is 350 ppm; the difference 
being that 127A was a very small amount of sample. (Remember, all of these 
results are semiquantitative!) 
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Figure 1. Location of Valley of Ten Thousand Smokes (VTTS), Katmai National Park, 
Alaska, showing sites of fossil fumaroles from which samples were taken for 
chemical analysis. 



Table 1. Major oxides, volatile cornpounds and elements, and total S analyses for whote-rock samples of 
fumarolically-altered ash-flow tuff and fallout from the 191 2 eruption of Novarupta. Values are given in weight 
percent, although mineralogical complexity of sample composition leaves totals at variance with 1 00%. See 
text for analysts and methods. NA = not analyzed; ND = not determined. 
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TaWe I continued 



Table 1 continued 



Table 2. Trace element analyses for whole-rock samples of fumarolically-altered ash-flow tuff and fallout from 
the 1912 eruption of Novarupta. Values in parts per million (ppm) unless otherwise indicated. See text for 
analysts and methods. N = not detected at limit of detection given for first sample in series (see text), SWR = 
analyzed by short-wave radiation technique (see text), H = interference, usually by high Fe or organic material. 
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