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1. Introduction 

This report describes the results of an exploratory investigation into the possible occurrence of 
glassy rocks within the Mt. Rahm Volcanics of the North Cascades National Park Service 
Complex (hereafter, the "park") (Figure 1). The investigation consisted of a field survey centered 
in the watershed of Silver Creek, a tributary of the upper Skagit River. Today, Silver Creek 
drains into Ross Lake, a reservoir operated by the Seattle City Light Department (SCL). The 
general location of the project area is in northwestern Washington State, eastern Whatcom 
County. This area is immediately south of the border between the U.S.A. and the province of 
British Columbia, Canada. 

In 1995, the park submitted a grant proposal to the Skagit Environmental Endowment Commission 
(SEEC) to support the project. Later that year, SEEC awarded $9,500 to the park (SEEC Grant 
No. 96-02) with the park contributing $10,000 in matching funds. The project was implemented 
in three phases: field work, laboratory analysis, and report preparation. The field surveys were 
conducted between August and October, 1996. Analysis of project results and report preparation 
were completed between November, 1996 and March, 1997. Although dissemination of the 
project's results in the form of this final report fulfills the grant requirements, in a broader sense, 
the project will live on as its results are used to further on-going archeological research into the 
role that alpine resources played in Native peoples' traditional subsistence uses of the North 
Cascades. 

Appendix A consists of a glossary of technical terms and its inclusion in the report will hopefully 
render the project results more understandable to nontechnical readers. 

2. Project Background 

The Cultural Significance of Glassy Lithic Materials 

Glassy volcanic rocks such as obsidian were used by prehistoric peoples to make tools whenever 
it was available. Such materials fracture easily and in the predictable "conchoidal" pattern most 
often recognized by the characteristically smooth, curving fracture surfaces. Because they lack 
any crystalline structure, glassy materials can be formed into one of the sharpest cutting edges 
known, one that is far superior to metal edges. High quality obsidian was traded long distances 
in many regions of the world, including the Mediterranean, in Mesoamerica, and across North 
America. A porphyritic variety of obsidian (one having large crystals embedded within the glassy 
groundmass) called "vitrophyre" was also readily exploited for tool use by human groups living 
near to such sources, even though vitrophyre is lower in quality and fractures less predictably than 
non-porphyritic glasses. 

Tracing the distribution of artifacts of obsidian relative to their geological source locations is an 
important method used by archeologists in reconstructing prehistoric exchange routes and 
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the extent of utilization of local raw materials in Native subsistence practices. Sources of glassy 
volcanic rocks have been identified and chemically "fingerprinted" in the Pacific Northwest, 
primarily in British Columbia, Idaho, northwest Montana, and Oregon (James et al. 1994). 
Sources that provided high quality obsidian are located in northern and central British Columbia 
(Mt. Edziza, Anahim Peak), southern and eastern Oregon (Newberry Caldera, Three Sisters, 
Glass Buttes, Bend, among others), northwestern Wyoming (Obsidian Cliffs), and eastern Idaho 
(Timber Butte). Only two sources are currently verified and geochemically characterized in 
Washington State, one at Elk Pass in the southern Washington Cascades (McClure 1989) and the 
other on Copper Ridge in the North Cascades (Mierendorf 1987 and Mierendorf and Skinner 
1997). Both of these sources are in alpine settings, Elk Pass at 6,700 ft (2,043 m) and Copper 
Ridge between 5,400 (1,646 m) and 6,100 ft (1,860 m), and both are characterized as vitrophyre. 
While glassy rocks from these sources do not appear to have been widely traded beyond their 
source areas, they were nonetheless important to local populations. Furthermore, their use 
extends at least as far back as the middle Holocene, Elk Pass to 6,250 BP (McClure 1989) and 
Copper Ridge to 4,470 BP (Mierendorf and Skinner 1997). 

Discovering the locations of glassy rock sources represents more than a simple curiosity. Sources 
of suitable raw material for stone tool manufacture exert a strong influence over the subsistence 
strategies of hunting, gathering, and fishing cultures. Stone tools wear out, break, or become lost, 
and must be replaced. Replacement material must either be brought along, which can inhibit 
mobility in the mountains, or must be found along the way. Archeological evidence from the 
upper Skagit River Valley indicates that along with materials brought from distant sources, the 
procurement and use of local tool stone was an important aspect of local settlement and 
subsistence activities. 

The Problem of Glassy Lithic Materials in the North Cascades 

Beginning in 1984 the National Park Service (NPS) initiated exploratory (reconnaissance) surveys 
in order to gather baseline information about the extent of archeological resources in the park. 
Based partially on the results of these surveys and on a review of geologic reports, an 
archeological overview was prepared that indicated a high probability for the presence of 
prehistoric cultural resources across the park complex (Mierendorf 1986). The overview 
predicted that, among the many natural resources in the North Cascades that attracted the interest 
of Native peoples, lithic raw materials were likely to have been an important component in their 
subsistence strategies. This importance derives from their former use in the manufacture of a 
variety of stone tools and from the fact that high quality, flakeable lithic materials generally are 
not widespread in western Washington. 

By 1986, archeological surveys within the park had become more systematic and intensive. This 
resulted in the discovery later that year of several prehistoric archeological sites on Copper Ridge 
characterized by use of a distinctive vitrophyre for tool stone. Simultaneous with the discovery 
of these sites, the bedrock source of the vitrophyre, which had not been previously reported, was 
discovered nearby (Mierendorf 1987). In 1994 a second bedrock source of vitrophyre was located 
6.6 km northeast of the first. X-ray fluorescence analysis of bedrock samples and artifacts 
collected from sites on Copper Ridge indicated that the two sources can be geochemically 
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distinguished. In addition, artifacts from two sites were correlated with the two sources, one of 
which has been utilized by Indian people for at least the last 4,470 years (Mierendorf and Skinner 
1997). 

Working in partnership with SCL, the park in 1988 commenced an archeological survey and 
testing project with the goal of assessing the effects of Ross Lake operations on archeological 
sites. One of the results of this project was the identification of yet another type of vitrophyre 
having physical properties distinct from the Copper Ridge sources. Of the total of seven 
specimens of this second variety of vitrophyre that were recovered, more than half (four) are from 
archeological sites in the Hozomeen vicinity, located near to the mouth of Silver Creek 
(Mierendorf et al. 1997). Using the technique of x-ray fluorescence (XRF), a geochemical 
characterization of these specimens was derived, but they were not found to match any known 
obsidian source. 

These results suggested that at least one more, as yet undocumented vitrophyre source must have 
been utilized by early inhabitants of the upper Skagit River valley. A review of geologic maps 
of the North Cascades indicated the presence of volcanic rocks in the Silver Creek drainage and 
its immediate vicinity. This formation has been referred to as the Skagit Volcanic Formation by 
Daly (1912), the Skagit Volcanics by Staatz et al. (1972), and the Mt. Rahm Volcanics by Tabor 
et al. (1994). Detailed descriptions of several rock types in this formation and of their origin as 
welded volcanic ash hinted at the possibility that glassy rocks, vitrophyre or obsidian, may be 
present. If so, an obvious possibility was that this was the source of the glassy rocks used by the 
inhabitants of sites in the adjacent Skagit Valley. 

3. Description of The Project Setting 

The project boundaries are defined by the area of the Mt. Rahm Volcanics as mapped within 
Washington State (Tabor et al. 1994) (Figure 1). Most of the volcanic formation is within the 
Silver Creek watershed, with portions in immediately adjacent valleys. The Silver Creek 
watershed encompasses the relatively short (7.2 mi long [12 km]) Silver Creek valley, which is 
bordered by glaciers, near-vertical walls of aretes and horns, and a large cirque lake. The upper 
watershed is dominated by the heavily glaciated massif of Mt. Spickard ("Glacier Peak" on earlier 
maps) at 8,979 ft (2,737 m) elevation and the nearby glaciated peaks of Mts. Rahm and Custer. 
A large glacier on the north face of Mt. Spickard, Silver Lake glacier, occupies the upper basin 
of Silver Lake (6,750 ft [2,058 m] elevation). The outlet stream of Silver Lake forms the head 
of Silver Creek. Much of the upper watershed is above the forest line, within subalpine parkland 
and alpine fellfield and turf communities, while the lower watershed supports closed-canopy, 
montane forest communities (Franklin and Dyrness 1988). 

A considerable part of the alpine terrain in the upper Silver Lake watershed is geologically quite 
recent, having formed under alpine glacier ice and permanent snowfields during the Little Ice Age 
(a period of glacier expansion between ca. A.D. 1300 and A.D. 1850). This land became exposed 
following rapid retreat of the glaciers during the last 150 years or less (Riedel 1987), leaving 
extensive boulder fields on glacial moraines, talus slopes, glacially-scoured bedrock outcrops, and 
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glacial lakes. Alpine soils are thin, poorly-developed, and widely scattered, and patterned ground 
covers some moraine surfaces. At lower elevation, in the subalpine zone, well-developed soils 
have formed on older moraines and other glacial deposits; discrete volcanic ash layers from 
Cascade volcanos are commonly exposed near the ground surface. 

Most of the Silver Creek watershed lacks trails of any kind, and except for the lowermost 0.9 mi 
(1.5 km) of the valley, it is within the part of the park designated as the Stephen T. Mather 
Wilderness. Three routes provide access to the upper watershed. A route from the east begins 
with a trailhead near Silver Creek campground on Ross Lake and follows Silver Creek up the 
valley. In a couple miles this unmaintained trail disappears and the route is through dense forest 
and brushy understory. A second route beginning in Canada follows a trail to Galene Lakes; from 
here a high cross-country route follows ridgelines to the southwest to another ridgeline that forms 
the northern boundary of the Silver Creek watershed. A third route also begins in Canada, just 
east of Chilliwack Lake, and follows an informal trail part-way up Depot Creek; from the base 
of Depot Creek falls, a steep cross-country route is followed to the divide between Depot Creek 
and Silver Lake glacier. All three routes were utilized to access the project area. 

4. Previous Geologic Studies 

Geologic maps of the area have been published by Daly (1912), Misch (1966), Staatz et al. 
(1972), and Tabor et al. (1994). Haugerud (1985) studied in the Maselpanik drainage north of 
the project area. The most detailed study of the project area was undertaken by J. H. Shideler to 
interpret the geologic history and determine its relation to the regional geology and structure of 
the northern Cascades (Shideler 1965:3). The main portion of the "volcanics are exposed 
continuously along the ridge north of Silver Creek and at the higher elevations in the western part 
of the thesis area, including Glacier Peak [renamed Mt. Spickard] and the ridges on either side 
of Glacier Lake [renamed Silver Lake]" (Shideler 1965:15). This formation covers an area ca. 
14 km east-west and 5 km north-south (Figure 1). 

The Mt. Rahm volcanics are described generally as massive and exceeding 4,000 ft (1,219 m) in 
thickness. A variety of rock types are found, including ash-flow tuff breccias, lava flows, and 
air-fall tuffs. They date to the early Tertiary, beginning ca. 66 million years ago. 

5. Purpose and Objectives 

The purpose of the study was to determine if the project area is the source of the glassy volcanic 
rocks that are found in archeological sites in the adjacent Skagit River Valley. For this purpose, 
five project goals were identified: 

1. to identify and record any geologic occurrences of glassy volcanic rocks in the Silver Creek 
watershed, 
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2. to collect a sample of such rocks for chemical characterization using XRF, 

3. to identify and record any archeological sites in the project area, with particular interest in any 
sites relating to the procurement and use of glassy volcanic rocks, 

4. to chemically characterize glassy volcanic rock samples and to provide samples to XRF 
laboratories in Canada and the United States for reference in regional databases, and 

5. to compare the chemical signature of source rock samples with archeological specimens to 
determine if there is a correlation. 

6. Methodology 

Field Methods 

Prior to fieldwork, geologic reports and maps were consulted that described the area geology. 
Survey maps (1:24,000 scale) were prepared showing the extent of the Mt. Rahm volcanics, 
access routes, topographic features, and other aspects of the project area. The field crews 
consisted of permanent and seasonal archeology staff at the park, including the author as principle 
investigator, crew chief Daniel Mulligan, archeological technicians Lance Martin and Kevin 
Baldwin, and cartographer Monika Nill. Surveys were implemented during four different trips 
between mid-August and early October, 1996, with 2-5 crew members on each survey. 

The survey coverage was at a reconnaissance level and was targeted to finding two types of 
resources: any rock material exhibiting a glassy matrix or glassy inclusions, and archeological 
sites of any type. Survey transects were widely-spaced and judgementally chosen, often to avoid 
excessively steep or densely-vegetated terrain, but also to explore as wide a range of rock 
exposures as possible. All survey transect locations were recorded on individual field maps. 
Frequently, areas having a high potential for the targeted resources were examined intensively. 
The search for rock materials focused on bedrock outcrops and boulders in talus, moraines, 
boulder fields, alluvial fans, and stream channels and gullies. The search for archeological sites 
focused on above-ground remains and on exposures of mineral soil for buried or ground-surface 
sites. Mineral soil exposures are most often visible in areas barren of vegetation, but are 
occasionally found in the vertical bank profiles of gullies and stream banks. 

Field observations and trip logs were recorded in individual crew notebooks and on standardized 
survey record forms. Archeological sites were recorded on park field site inventory forms, and 
were later registered with the Washington State Historic Preservation Office, at which time they 
were assigned a Washington State trinomial number. 

Laboratory Analysis 

Five rock samples were submitted for XRF analysis, which was performed by the Northwest 
Research Obsidian Studies Laboratory in Corvallis, Oregon. Detailed results of the analysis are 
provided in Appendix B. As a brief explanation of the technique, a rock sample is bombarded 
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with x-rays and emits radiation having a measurable energy spectrum that is characteristic of 
specific trace elements. This spectrum is then converted into parts per million of the various trace 
element amounts. Comparison of the trace element amounts from widely separated sources has 
shown that most obsidian occurrences possess a unique trace element signature. The technique 
is not destructive to the samples. 

Project Records 

All project records are permanently stored at the park's Marblemount Curation Facility. These 
records include crew field notes, field maps, photographs, site forms, and the results of rock 
sample analyses. All collected rock samples and artifacts are permanently housed in the 
collections repository at the curation facility. 

7 . Results 

Survey Coverage 

Figure 1 shows the location of the surveyed areas in red. The total land area directly examined 
up-close by crew members is conservatively estimated to cover 470 acres (1.9 km2). Most of the 
surveyed land is in the Silver Creek watershed, but portions of upper Depot Creek and McNaught 
Creek were also examined. Surveys encompassed the full range of elevations in the project area, 
from 1,602 ft (488 m) on Ross Lake to 8,800 ft (2,680 m) on Silver Lake glacier, just north of 
Mt. Spickard's summit. Based on descriptive details of the formation by Shideler (1965), 
particular attention was given to landforms and topographic features that seemed to have the 
highest probability for the occurrence of glassy or vitric rocks. This included the prominent ridge 
line north of Silver Creek and east of Silver Lake, the gravels of Silver Creek and its alluvial fan, 
the area near the upper end of Silver Lake, and both sides of Custer Ridge. The best exposures 
of volcanic rocks are in the Silver Lake vicinity and on the north side of the ridge north of Silver 
Creek. Rock exposures and visibility are generally poor to nonexistent in terrain that supports 
closed-canopy, coniferous and riparian forests. 

Rock Types Observed 

No glassy rock types were observed in the project area and none of the rocks are similar in 
appearance or physical attributes to the vitrophyre artifacts from Ross Lake archeological sites. 
Most rocks consisted of medium to coarse-grained andesite, especially in the western portion of 
the project area, which includes the Silver Lake vicinity. Other less common rock types 
associated with the formation include breccias, conglomerates, and porphyries. The most 
abundant rock types east of Silver Lake include tuffs and dacites. The tuffs originated from 
volcanic ash falls and flows and exhibit distinct bedding (Staatz et al. 1972:23). 

Rocks exposed along the alpine ridge crest north of Silver Creek came closest to exhibiting 
characteristics of glassy rocks (Figure 2). The rocks exposed here are light-colored with a dense, 
fine-grained crystalline matrix that exhibits a conchoidal fracture. They are described as dacite, 
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dacite tuff, vitric dacite tuff, and rhyodacite, among others (Shideler 1965). The vitric dacite tuff 
is described as containing numerous glass shards, but no macroscopically visible glass was 
observed. 

A total of 16 rock 
samples were collected 
from the project area, 
mostly from the ridge 
north of Silver Creek. 
Of the 16 samples, five 
were selected for XRF 
analysis. Although 
different from obsidian 
and vitrophyre in 
composition, tuffs, 
rhyolites, and dacites 
have the potential for 
successful archeological 
and geological 
provenience studies 
(James et al. 1994; 
Skinner 1996:3, 
Appendix B this Figure 2 Outcrops of Mt. Rahm volcanic rocks appear white, left 
report). of the ridgeline above Silver Creek valley, to right; view to the 

northeast, Hozomeen Mountain in distance. 
Trace element 
concentrations for each of the samples is shown in Table A- l of Appendix B. The analysis 
indicated a different chemical signature for each of the five samples. In Figure 3 of Appendix 
B, the geochemical composition of the five samples is compared to previously analyzed samples 
of vitrophyre from the Copper Ridge source, showing that there is "little geochemical similarity" 
between the two sets of samples (Appendix B:3). 

Archeological Resources 

A total of seven (7) archeological resources were observed in or near to the project area. Three 
archeological sites and two isolated features were recorded inside the park. In addition, one 
archeological site and one isolated artifact were observed in Skagit Valley Provincial Park, 
immediately north of the project area. A brief description follows of each of the archeological 
sites recorded in the project area. 

1. F.S.#255 (45WH520) 

This historic site consists of the remains of a temporary alpine camp (Figures 3 and 4). The main 
part of the camp is visible as a small patch of bare ground associated with two rock cairns, one 
at each end of the patch. The ground had been exposed by removal of hundreds of small, angular, 
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Figure 3 Site 45WH520 in foreground during recording, Mt. Spickard in left distance; 
view to the southeast. 

frost-shattered cobbles and boulders that form the surface of the moraine. The cairns were built 
from rocks that had been removed to expose the ground, and probably served as the supports for 
a tarp that covered the bare patch, which, in turn, served as a sleeping area. On the patch of 
ground were found two rusted cans, both constructed with a single soldered side seam, and a 
soldered top and bottom. This construction technique dates between 1885 and 1903. The 
embossed patent label on one of the cans reads "Crosse & Blackwell London", which was a major 
supplier of canned goods in British Columbia into the 20th Century. 

The sleeping area is associated with another nearby smaller rock cairn and an adjacent shallow 
depression hollowed out of the moraine surface. In the bottom of this depression and elsewhere 
on the site surface were found the parched, sun-bleached fragments of a woven, canvas fabric that 
probably had been used as a tarp to shelter the sleeping area. 

Elevation of the site is ca. 7,600 ft (2,317 m) and it is located below Custer Ridge, southwest of 
Silver Lake. Other than Silver Lake 850 ft (259 m) below, permanent snow patches provide the 
only nearby source of water. The location is far above treeline, including krurnmholtz trees, so 
there is no source of firewood. 

A camp at this elevation, so exposed to wind and weather, is unusual. It may have been built and 
used by members of one of the pioneering geologic expeditions working in the area. The camp 
may be associated with Canadian geologist Reginald A. Daly, who worked in the area in 1901 and 
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1906 (Shideler 1965). Another less likely possibility is that the camp is associated with W. A. 
Raeburn, an American surveyor with the second international boundary survey, which was 
conducted between ca. 1903 and 1907. 

2. F.SJ256 (45WH514) 

This prehistoric site consists of a 
low-density lithic scatter. The 
presence of the site is indicated by 
three chipped stone artifacts 
exposed in a trail tread. Two of 
the artifacts are made of Hozomeen 
chert and the third is made of a 
gray metasediment (these material 
types constitute ca. 90% of all 
lithic materials found in Ross Lake 
archeological sites). All three 
items are nondiagnostic pieces of 
flaking debris, which means they 
are not specific to a time period or 
identified culture. 

Elevation of the site is ca. 2,000 ft 
(610 m) on a densely-forested 
alluvial fan located above the 
mouth of Silver Creek. Due to the 
obscuring effects of vegetation, 
lithic scatters in such settings are 
nearly invisible except where 
mineral soil is exposed, such as in 
a trail tread. Although only three 
artifacts were observed, this site is 
likely to contain many artifacts and 
judging by the extent of the 
landform, to cover a relatively 
large area. Without more intensive 
investigation, little more can be 
said about the site. 

- - - " • a 4 

"<d3t . — 

Figure 4 Site 45WH520, showing low rock cairn in 
foreground, sleeping area in middle of photo, large rock 
cairn in middle distance, and small cairn in distance; 
facing northeast. 

3. F . S J 257 (45WH519) 

This historic site consists of three inscribed blaze scars on the face of two subalpine fir trees, in 
association with three nearby rusted cans (Figure 5). Two of the blaze scars are on a large 
subalpine fir (ca. 31 in [79 cm] dbh) and the larger of these blazes bears an inscription that reads 
"July 26, 1939 Bud-LEGGETT U.S.F.S. MARBLE MOuNT WASh.". The smaller scar bears 
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an inscription that is mostly obscured by overgrowth of scar tissue from the blaze edges; a portion 
of the inscription reads "WILLIAM 916" (the numerals probably are part of the date "1916"). 
The third blaze, on a much smaller, immediately adjacent subalpine fir, preserves at least 16 
horizontal lines of writing, but due to extensive overgrowth along the scar edges, the inscriptions 
could not be read. 

All three cans were manufactured with crimped seams and are estimated to be less than 50 years 
old. They were found in a broad flat meadow between subalpine tree islands, about 10 m (33 ft) 
north of the inscribed trees. Although no charcoal ring was found, there are charred branches 
scattered about the meadow. At 5,760 ft (1,756 m) elevation, the site is within a subalpine 
parkland with tree islands of mountain hemlock and subalpine fir surrounded by a huckleberry and 
heather-dominated tundra. 

Site 45WH519 is located inside the park, 
a few hundred meters south of the 
international boundary, which is marked 
by monument 70 to the northeast. The 
site is about 100 m south of the bottom 
of the prominent saddle in the ridgeline, 
which forms an obvious north-south 
travel route and affords protection from 
the higher exposed ridgelines all around. 
The site appears to have served as a 
short-term campsite, with the trees used 
as an informal register for U.S. Forest 
Service workers in the first half of this 
century. 

4. Isolated Find 96 

Mis''"' .>'"'" £ •>'•• ••' 
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This archeological resource consists of a 
single large pit hollowed out of the top of 
an alpine glacial moraine. The pit is oval 
in plan view outline, ca. 4 m north-south 
by 3 m east-west and 1.3 m deep. A 
considerable effort was expended in the 
pit's construction, which was 
accomplished by the removal of mostly 
angular, andesitic, moraine cobbles and 
boulders from the center and carefully 
placing them along the edges to build up 
a rounded, symmetrical berm. No associated artifacts were observed. The pit berm and the 
adjacent moraine boulders are covered with a thick growth of black, crustose lichens, which are 
generally absent from the center of the pit. 

Figure 5 Site 45WH519, close-up of larger of two 
inscribed blazes on subalpine fir, facing southeast. 
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The feature is located west of Custer Ridge, in the upper end of a cirque basin at 7,600 ft (2,317 
m) elevation. The moraine supports sparse alpine vegetation and is far above the upper limit of 
tree growth. The water supply is meltwater from nearby permanent snowpack. 

The pit was intentionally built on the distal end of the moraine, overlooking its steep lower slope, 
apparently to afford a view of the broad glacial basin immediately below. This suggests that it 
may have functioned as an overlook, possibly to monitor the movement of goats or some other 
animal (the use of such pits as hunting blinds is a traditional Native American hunting practice). 
Certainly the pit is poorly located to afford protection from the elements, in particular because ca. 
15 m back from the moraine edge there is low rock outcrop next to a small flats which offers a 
more protected, natural bivouac or camp site. The site is unlikely to be much older than 100 
years because the moraine it is built on correlates with many other youthful glacial features in this 
vicinity that date to the end of the Little Ice Age or shortly thereafter (Riedel 1987). 

5. Isolated Find 105 

Like IF-96, this archeological resource consists of a single prominent pit, but it was built at the 
bottom of a talus slope. The pit is circular in plan view outline, 2.45 m in diameter (measured 
from top of berm crest) and 0.9 m deep. As with IF-96, construction was by the removal of 
angular talus boulders from the center and carefully placing them along the edges to build up a 
rounded, symmetrical berm. No associated artifacts were observed. The pit and the adjacent 
talus slope boulders support growths of lichens and mosses. 

The pit is located at the distal end of a steep, talus-filled gully that parallels the cliff face above. 
This cliff-face forms the north-facing side of the prominent east-west trending ridgeline that is the 
northern boundary of the Silver Creek drainage. The pit is ca. 0.37 mi (600 m) southwest of site 
45WH519 and at an elevation of 5,960 ft (1,817 m). A moraine crest formed immediately 
downslope of the talus slope supports a subalpine association of mountain hemlock and Pacific 
silver-fir tree islands surrounded by heather-dominated tundra. The only water source is 
meltwater from seasonal snowpack. 

The function of the pit is uncertain, but it could have served as a temporary storage cache. Such 
a use is consistent with traditional Native American practices and with the practices of early 
explorers. The position of the pit below a low cliff, in a cool, north-facing setting suggests the 
likelihood that this location was chosen for the refrigerating conditions that prevail at the base of 
bouldery, open-work talus deposits. This, in turn, suggests the possibility that, if used for 
storage, the pit may have served to retard spoilage of some organic material. 

6. Basalt Flake 

This isolated find consists of a single chipped stone artifact found at middle Galene Lake in Skagit 
Valley Provincial Park. The flake was made of a black, fine-grained basalt and one margin shows 
evidence of having been used for cutting or scraping. This constitutes the only prehistoric artifact 
observed in British Columbia while accessing the project area. An exact location and a more 
complete description of this artifact has been provided to Mr. Jim Wiebe, Area Supervisor, Fraser 
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Valley District of B.C. Parks, Cultus Lake. 

7. Trench Features 

This site consists of two, and possibly three, trenches visible on the ground surface. The largest 
and most prominent of the three is ca. 4 m long by 0.5 m wide by 0.4 m deep (13 x 1.6 x 1.3 ft). 
A scatter of fist-sized rocks (possibly fire-modified) were observed on the sides and in the bottom, 
and it is likely there are more such rocks, but visibility is obscured by dense overgrowth of 
huckleberry and heather. This trench is clearly a cultural feature, as is another smaller one 
nearby. A third nearby pit or trench is more ambiguous, and could be the pit created by a tree 
tip-up. 

These features are located a few hundred meters north of the international boundary and a few 
meters to the west of the slight trail tread that follows the north-south trending ridge crest joining 
the Galene Lakes area with the prominent ridgeline north of Silver Creek. No attempt was made 
to examine the larger area for other similar features. Although features such as this have not been 
recorded in the park, they bear a strong resemblance to trenches that in the southern Cascades of 
Washington have been shown to result from Native American huckleberry drying practices (Mack 
1989; Mack and McClure 1996). An exact location and a more complete description of the 
features has been provided to Mr. Jim Wiebe, Area Supervisor, Fraser Valley District of B.C. 
Parks, Cultus Lake. 

8. Discussion and Conclusions 

No evidence for glassy volcanic rocks was found in the portion of the Mt. Rahm Volcanics within 
the project area. However, the full areal extent of this volcanic formation was not visited, and 
in particular, the field survey did not sample the steepest alpine terrain, where technical rock-
climbing techniques would have been required. If rocks of glassy composition do occur, it is 
likely that they are very limited in extent. Furthermore, the presence of glassy rocks in the British 
Columbia portion of the Mt. Rahm Volcanics cannot be ruled out. 

None of the fine-grained volcanic rocks observed or sampled from the project area match, 
macroscopically or geochemically, any lithic materials so far recognized in archeological sites in 
the North Cascades. At the same time, the Mt. Rahm Volcanics are a unique feature of the 
northern Cascade Range and they exist as an island of distinctive volcanic rocks surrounded by 
very different metamorphic and igneous rock types. It is unlikely that this fact escaped the 
prehistoric people who explored this terrain and it is probable, at least, that they tested the 
suitability of these rocks for use as tool stone, particularly the more fine-grained dacites and tuffs. 

Generally, the field surveys documented archeological resources representing both prehistoric and 
historic use and exploration of alpine and subalpine zones of the upper Skagit River watershed. 
An isolated basalt flake tool and two rock pit features are indicative of Native American use of 
this high landscape, as may be trench-like features observed just outside of the project area. 
Within the project area, a small lithic scatter of chipped stone fragments representing use of stone 
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for tool-making purposes was found near the mouth of Silver Creek, as were the two rock pits. 

Although the two pit features hollowed out of rock fields are likely to relate to Native American 
subsistence practices, a more detailed examination of such features and additional surveys would 
be required to acquire conclusive evidence. This is because the general class of archeological 
remains called "rock feature" presents difficulties of interpretation, largely because surface 
evidence alone is insufficient to make a clear determination of age and origin (Mierendorf 1986). 
A variety of rock features have been and continue to be built by humans to serve several purposes. 
Rock features include cairns, linear walls and alignments, pits or depressions, and dense 
concentrations or collections of rocks. Pit features, for example, have had various uses, such as 
for hunting blinds, for temporary storage, and for human interments; walls and alignments were 
used for hunting blinds and fortifications in warfare; rock cairns for markers of resource 
locations, mining claims, trails, ceremonial locations, and burials, or to stabilize fence posts or 
brush in game drives; and rock concentrations serve as heat-retaining devices during the 
preparation of food, tanning of hides, or in sweat lodge ceremonies. The occurrence of this class 
of resource on the ground surface usually offers little or no definitive information regarding age 
or function unless diagnostic artifacts are found in direct association or a systematic test 
excavation has been conducted. 

Two historic period sites, both temporary camps, one of which is associated with informal register 
trees, reflect exploration of this spectacular alpine setting during the last part of the 19th and the 
first part of the 20th Centuries by either geologists or land surveyors and by federal land 
managers. 

In conclusion, the project has contributed positively to the investigation of human uses of the 
upper Skagit River Valley in two main ways. First, we know where not to look further for the 
occurrence of glassy rocks in the Mt. Rahm volcanics, and by the process of elimination, we 
know where to concentrate future survey efforts. Secondly, the project has contributed new and 
important information regarding the occurrence and nature of prehistoric and historic 
archeological resources where previously none had been recorded. These archeological resources 
relate to significant historic themes in the use and exploration of the upper Skagit River basin. 
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Appendix A 

Glossary of Terms 

archeological remains 
Any materials or substances that were manufactured, altered, modified, conditioned, or 
transported by human activity or under human influence. 

artifact 
Any object that was manufactured, altered, modified, or transported by human activity or under 
human influence. 

assemblage 
A collection or grouping of selected archeological remains or artifacts; criteria for assemblage 
definition may be based on a common origin, location, manufacturing style, age, material type, 
or other criteria. 

B.P. 
Before Present; in radiocarbon dating, refers to the number of radiocarbon years before the year 
A.D. 1950. 

cairn 

A built rock pile, 

conchoidal 
A geologic term that describes a distinctive rock or mineral fracture leaving smooth, curved 
surfaces, such as are characteristic of glass or obsidian. 
distal 

Far from the point of attachment or origin, such as the far end or extremity of a landform. 

feature 
A recognizable, physical association of artifacts or archeological materials; examples include 
cooking hearth, house floor, mound, rock pile, pit, etc. 
fire-modified rock 

Rocks or rock fragments that were intentionally heated by humans, 

flake 
A fragment of stone removed from a larger stone mass, and that has recognizable attributes of a 
conchoidal fracture. 
flakeable lithic material 
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A type of rock or mineral that breaks with a conchoidal fracture and is thus useful for the 
manufacture of chipped stone tools. 

formed tools 

Tools of any material that were manufactured to a particular shape or style, 

historic 

A general time period distinguished by the presence of written documents. 

Holocene 
The last ca. 10,000 years of time; the non-glacial epoch since the last great ice age; the present 
time is considered part of the Holocene. 
land use 

A culture or society's (or group thereof) characteristic patterns of settlement and subsistence, 

lithic 

Made of stone, rock, or mineral, 

lithic scatter 
A broad category of archeological site characterized predominately by the presence of chipped 
stone artifacts. 
Pleistocene 
The geological epoch characterized by the advance and retreat of large continental glaciers; the 
Pleistocene ended ca. 10,000 years ago. 
porphyritic 

Igneous rocks having larger crystals embedded within a fine or glassy matrix, 

prehistoric; prehistory 

A general time period distinguished by the absence of written records or documents, 

projectile point 

An object used as the penetrating tip on a projectile, 

radiocarbon dating 

A method of dating based on the natural radioactivity of carbon; only organic materials are dated. 

SCL 

The Seattle City Light Department 

site 
A location identifiable as a place of human activity. 
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stratigraphy 

Natural geologic layering or stratification in a sedimentary deposit, soil, or bedrock, 

tephra 

A volcanic ash layer or deposit, 

vitrophyre 

A porphyritic variety of obsidian, i.e., having large crystals embedded in the glassy groundmass. 

x-ray fluorescence; XRF 
A technique used to measure the amount of trace elements in glassy rocks; upon subjecting a rock 
sample to high energy x-rays, a distinctive spectrum of energy emissions provides a geochemical 
signature specific to each glassy rock source. 
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X-Ray Fluorescence Analysis of Geologic Samples Associated With the 
Mt. Rahm Volcanics, North Cascade National Park, Washington 

Introduction 

Five geo log ic samples associated w i th the Mt . R a h m vo lcanics , Nor th Cascades Nat iona l Park, 
Washington , were submitted for X - r a y fluorescence trace element provenience analysis. The 
samples were prepared and analyzed at the Northwest Research Obs id ian Studies Laboratory 
under the accession number B O - 9 6 - 4 9 . 

Analytical Methods 

X-ray Fluorescence Analysis and Characterization Studies 

Analytical Methods. A n a l y s i s o f the samples was completed using a Spectrace 5000 energy 
dispersive X - r a y f luorescence spectrometer. The system is equipped wi th a S i ( L i ) detector w i t h a 
resolut ion o f 155 e V F H W M for 5.9 k e V X - r a y s (at 1000 counts per second) in an area 30 m m 2 . 
S ignals f rom the spectrometer are ampl i f ied and filtered by a time variant pulse processor and 
sent to a 100 M H Z W i l k i n s o n type analog-to-digital converter. The X - r a y tube employed is a 
Bremsstrahlung type, w i t h a rhod ium target, and 5 m i l B e w indow. The tube is dr iven by a 
50 k V 1 m A h igh voltage power supply, prov id ing a voltage range o f 4 to 50 k V . The pr incip les 
o f X - r a y f luorescence analyt ica l methods are reviewed in detail by Nor r i sh and Chappe l (1967), 
Potts and W e b b (1992), and W i l l i a m s (1987). 

For analysis o f the elements z inc (Zn), lead (Pb), thor ium (Th), rub id ium (Rb) , strontium (Sr), 
yttr ium (Y ) , z i r c o n i u m (Zr) , and n iob ium (Nb), the X - r a y tube is operated at 30 k V , 0.45 m A 
(pulsed), w i t h a 0.127 m m P d filter. A n a l y t i c a l l ines used are Z n (K -a lpha) , Pb (L -a lpha) , T h 
(L-a lpha) , R b (K -a lpha ) , Sr (K -a lpha) , Y (K-a lpha) , Z r (K -a lpha) and N b (K -a lpha) . Samples are 
scanned for 200 seconds l i ve - t ime in an air path. 

Peak intensities for the above elements are calculated as ratios to the C o m p t o n scatter peak o f 
rhod ium, and converted to parts -per -mi l l ion (ppm) by weight using linear regressions derived 
f rom the analysis o f twenty rock standards from the U .S . Geo log ica l Survey, the Geo log ic 
Survey of Japan, and the Nat iona l Bureau of Standards. The analyte to C o m p t o n scatter peak 
ratio is employed to correct for variat ion in sample size, surface irregularities, and variation in 
the sample matr ix . 

For analysis o f the elements t i tanium (Ti) , manganese (Mn) . and iron (Fe 2 0 : , T ) , the X - r a y tube is 
operated at 12 k V , 0.27 m A wi th a 0.127 mm a luminum filter. Samples are scanned for 200 
seconds l i ve - t ime in a vacuum path. Ana ly t ica l lines used are Ti (K -a lpha) , M n (K-a lpha) , and Fe 
(K-a lpha) . 

Concentrat ion values (parts per m i l l i o n for t itanium and manganese, weight percent for iron) are 
calculated us ing l inear regressions derived from the analysis of thirteen standards f rom the U.S . 
Geo log ica l Survey, the G e o l o g i c Survey of Japan and the Nat ional Bureau o f Standards. 
However , these values are not corrected against the C o m p t o n scatter peak or other scatter region. 



and we recommend against us ing them for anything other than approximate concentrations. 
Iron/t itanium (Fe /T i ) and iron/manganese (Fe /Mn) peak ratios are suppl ied for use as corrected 
values. 

A w o r d o f caut ion about t i tanium, manganese and iron concentration values (i.e., t i tanium ppm, 
manganese ppm, and i ron weight percent) - as mentioned above, these values are not corrected 
against the C o m p t o n Scatter peak or other scatter region, resulting in lower than normal trace 
element values for smal l samples that fa l l be low the m i n i m u m size requirement. The absence o f 
a spectral reference also means that these values are subject to matrix effects errors. T o 
compensate for these effects, i ron-manganese and iron-t itanium peak ratios are provided for use 
as corrected values. To ensure comparabi l i ty among samples o f different sizes, source 
assignments in a l l reports are based upon these ratios, and not on the absolute concentration 
values. 

For analysis o f the elements bar ium (Ba) , lanthanum (La) and cer ium (Ce), the X - r a y tube is 
operated at 50 k V , 0.25 m A wi th a 0.63 m m copper filter in the X - r a y path. A n a l y t i c a l l ines used 
are B a (K-a lpha) , L a (K -a lpha) , and C e (K-a lpha) . Samples are scanned in an air path for 100 to 
600 seconds l i ve - t ime , depending upon trace element concentration. Trace element intensities 
are calculated as ratios to the Bremsstrahlung region between 25.0 and 30.98 k e V , and converted 
to parts -per -mi l l ion by weight us ing a po lynomia l fit routine derived from the analysis o f sixteen 
rock standards f rom the U .S . G e o l o g i c a l Survey and the Geo log ic Survey o f Japan. It should be 
noted that the Bremstrahlung region corrects for sample mass only and does not account for 
matrix effects. 

A l l samples are scanned as unmodi f ied rock specimens. Reported errors represent counting and 
fitting error uncertainty on ly , and do not account for instrumental precis ion or effects related to 
the analysis o f unmodi f ied obsidian. When the latter effects are considered, relative analyt ical 
uncertainty is estimated to be between three and five percent. 

In traditional X - r a y f luorescence trace element studies, samples are powdered and pel let ized 
before analysis (Nor r ish and Chappe l 1967; Potts and Webb 1992). In theory, the irregular 
surfaces o f most samples should induce measurement problems related to shifts in sample - to -
detector ref lection geometry (Hughes 1986:35). Ear ly experiments wi th intact obsidian flakes by 
Robert N . Jack, and later by R ichard Hughes, however, indicate that analytical results f rom 
lenticular or b iconvex obsid ian surfaces are comparable to those from flat surfaces and pressed 
powder pellets, pav ing the way for the nondestructive analysis characterization of samples 
(Hughes 1986 :35 -37 ; Jack 1976). The m i n i m u m optimal sample size for analysis o f obsidian 
glasses has been found to be approximately 10 m m in diameter and 1.5-2.0 m m thick. Later 
experimental studies conducted by Shackley and Hampel (1993) using samples with flat and 
sl ightly irregular surface geometries have corroborated Hughes' init ial observations. In a s imi lar 
experiment, Jackson and H a m p e l (1993) determined that for accurate results the m i n i m u m size o f 
an artifact should be about 10 m m in diameter and 1.5 m m thick. Agreement between the U . S. 
Geolog ica l Survey standard R G M - 1 (Glass Mounta in obsidian) values and obsidian test samples 
was good at 1 m m thickness and improved markedly to a thickness o f 3 m m . 
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Results of Analysis 

X-Ray Fluorescence Analysis 

Five geochemically distinct groups were identified from among the five geologic samples that 
were analyzed by X-ray fluorescence analysis. The locations of the samples are shown in 
Figure 2. Analytical results are presented in Table A-1 in the Appendix and are summarized in 
Table 1 and figures 1 and 3. 

The five geologic samples appear to be volcanic tuffs and rhyodacites. Bakewell and Irving 
(1994) have pointed out, however, that it is often impossible to correctly classify rocks without 
petrographic examination and major element analysis of the rock. Given the need to accurately 
determine the type of rock being analyzed, volcanic tuffs, rhyolites, and rhyodacites have proven 
to be successful candidates for archaeological and geologic provenience studies (Bakewell 1996; 
Mahmoud and Bard 1993; Newman and Nielsen 1987; Sarna-Wojcicki et al. 1979; Williams-
Thorpe 1988; Williams-Thorpe and Thorpe 1991). 

When the trace element composition of the samples is compared to previously analyzed samples 
of porphyritic obsidian from the North Cascades National Park (Skinner and Davis 1996), there 
is little systematic geochemical similarity between the Mt. Rahm volcanics samples and the 
obsidian (Figure 3). 

Figure 1 Scatterplot of strontium (Sr) plotted versus zirconium (Zr) for 
geologic samples from the Mt. Rahm volcanics. 
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Figure 2 . Location o f geologic 
samples associated with the Mt . Rahm 
Volcanics, North Cascades National 
Park. 

Figure 3. Ternary plot showing relative abundances of rubidium 
(Rb), strontium (Sr), and zirconium (Zr) for samples associated 
with the Mt . Rahm volcanics (filled squares) and for obsidian
like vitrophyre samples from the North Cascades National Park 
(open squares). 
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Results of X-Ray Fluorescence Analysis 
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Valley District of B.C. Parks, Cultus Lake. 

7. Trench Features 

This site consists of two, and possibly three, trenches visible on the ground surface. The largest 
and most prominent of the three is ca. 4 m long by 0.5 m wide by 0.4 m deep (13x1.6x1.3 ft). 
A scatter of fist-sized rocks (possibly fire-modified) were observed on the sides and in the bottom, 
and it is likely there are more such rocks, but visibility is obscured by dense overgrowth of 
huckleberry and heather. This trench is clearly a cultural feature, as is another smaller one 
nearby. A third nearby pit or trench is more ambiguous, and could be the pit created by a tree 
tip-up. 

These features are located a few hundred meters north of the international boundary and a few 
meters to the west of the slight trail tread that follows the north-south trending ridge crest joining 
the Galene Lakes area with the prominent ridgeline north of Silver Creek. No attempt was made 
to examine the larger area for other similar features. Although features such as this have not been 
recorded in the park, they bear a strong resemblance to trenches that in the southern Cascades of 
Washington have been shown to result from Native American huckleberry drying practices (Mack 
1989; Mack and McClure 1996). An exact location and a more complete description of the 
features has been provided to Mr. Jim Wiebe, Area Supervisor, Fraser Valley District of B.C. 
Parks, Culms Lake. 

8 . Discussion and Conclusions 

No evidence for glassy volcanic rocks was found in the portion of the Mt. Rahm Volcanics within 
the project area. However, the full areal extent of this volcanic formation was not visited, and 
in particular, the field survey did not sample the steepest alpine terrain, where technical rock-
climbing techniques would have been required. If rocks of glassy composition do occur, it is 
likely that they are very limited in extent. Furthermore, the presence of glassy rocks in the British 
Columbia portion of the Mt. Rahm Volcanics cannot be ruled out. 

None of the fine-grained volcanic rocks observed or sampled from the project area match, 
macroscopically or geochemically, any lithic materials so far recognized in archeological sites in 
the North Cascades. At the same time, the Mt. Rahm Volcanics are a unique feature of the 
northern Cascade Range and they exist as an island of distinctive volcanic rocks surrounded by 
very different metamorphic and igneous rock types. It is unlikely that this fact escaped the 
prehistoric people who explored this terrain and it is probable, at least, that they tested the 
suitability of these rocks for use as tool stone, particularly the more fine-grained dacites and tuffs. 

Generally, the field surveys documented archeological resources representing both prehistoric and 
historic use and exploration of alpine and subalpine zones of the upper Skagit River watershed. 
An isolated basalt flake tool and two rock pit features are indicative of Native American use of 
this high landscape, as may be trench-like features observed just outside of the project area. 
Within the project area, a small lithic scatter of chipped stone fragments representing use of stone 
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for tool-making purposes was found near the mouth of Silver Creek, as were the two rock pits. 

Although the two pit features hollowed out of rock fields are likely to relate to Native American 
subsistence practices, a more detailed examination of such features and additional surveys would 
be required to acquire conclusive evidence. This is because the general class of archeological 
remains called "rock feature" presents difficulties of interpretation, largely because surface 
evidence alone is insufficient to make a clear determination of age and origin (Mierendorf 1986). 
A variety of rock features have been and continue to be built by humans to serve several purposes. 
Rock features include cairns, linear walls and alignments, pits or depressions, and dense 
concentrations or collections of rocks. Pit features, for example, have had various uses, such as 
for hunting blinds, for temporary storage, and for human interments; walls and alignments were 
used for hunting blinds and fortifications in warfare; rock cairns for markers of resource 
locations, mining claims, trails, ceremonial locations, and burials, or to stabilize fence posts or 
brush in game drives; and rock concentrations serve as heat-retaining devices during the 
preparation of food, tanning of hides, or in sweat lodge ceremonies. The occurrence of this class 
of resource on the ground surface usually offers little or no definitive information regarding age 
or function unless diagnostic artifacts are found in direct association or a systematic test 
excavation has been conducted. 

Two historic period sites, both temporary camps, one of which is associated with informal register 
trees, reflect exploration of this spectacular alpine setting during the last part of the 19th and the 
first part of the 20th Centuries by either geologists or land surveyors and by federal land 
managers. 

In conclusion, the project has contributed positively to the investigation of human uses of the 
upper Skagit River Valley in two main ways. First, we know where not to look further for the 
occurrence of glassy rocks in the Mt. Rahm volcanics, and by the process of elimination, we 
know where to concentrate future survey efforts. Secondly, the project has contributed new and 
important information regarding the occurrence and nature of prehistoric and historic 
archeological resources where previously none had been recorded. These archeological resources 
relate to significant historic themes in the use and exploration of the upper Skagit River basin. 
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Appendix A 

Glossary of Terms 

archeological remains 
Any materials or substances that were manufactured, altered, modified, conditioned, or 
transported by human activity or under human influence. 

artifact 
Any object that was manufactured, altered, modified, or transported by human activity or under 
human influence. 

assemblage 
A collection or grouping of selected archeological remains or artifacts; criteria for assemblage 
definition may be based on a common origin, location, manufacturing style, age, material type, 
or other criteria. 

B.P. 
Before Present; in radiocarbon dating, refers to the number of radiocarbon years before the year 
A.D. 1950. 

cairn 

A built rock pile, 

conchoidal 
A geologic term that describes a distinctive rock or mineral fracture leaving smooth, curved 
surfaces, such as are characteristic of glass or obsidian. 
distal 

Far from the point of attachment or origin, such as the far end or extremity of a landform. 

feature 
A recognizable, physical association of artifacts or archeological materials; examples include 
cooking hearth, house floor, mound, rock pile, pit, etc. 
fire-modified rock 

Rocks or rock fragments that were intentionally heated by humans, 

flake 
A fragment of stone removed from a larger stone mass, and that has recognizable attributes of a 
conchoidal fracture. 
flakeable lithic material 
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A type of rock or mineral that breaks with a conchoidal fracture and is thus useful for the 
manufacture of chipped stone tools. 

formed tools 

Tools of any material that were manufactured to a particular shape or style, 

historic 

A general time period distinguished by the presence of written documents. 

Holocene 
The last ca. 10,000 years of time; the non-glacial epoch since the last great ice age; the present 
time is considered part of the Holocene. 
land use 

A culture or society's (or group thereof) characteristic patterns of settlement and subsistence, 

lithic 

Made of stone, rock, or mineral, 

lithic scatter 
A broad category of archeological site characterized predominately by the presence of chipped 
stone artifacts. 
Pleistocene 
The geological epoch characterized by the advance and retreat of large continental glaciers; the 
Pleistocene ended ca. 10,000 years ago. 
porphyritic 

Igneous rocks having larger crystals embedded within a fine or glassy matrix, 

prehistoric; prehistory 

A general time period distinguished by the absence of written records or documents, 

projectile point 

A n object used as the penetrating tip on a projectile, 

radiocarbon dating 

A method of dating based on the natural radioactivity of carbon; only organic materials are dated. 

SCL 

The Seattle City Light Department 

site 
A location identifiable as a place of human activity. 
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stratigraphy 

Natural geologic layering or stratification in a sedimentary deposit, soil, or bedrock, 

tephra 

A volcanic ash layer or deposit, 

vitrophyre 

A porphyritic variety of obsidian, i.e., having large crystals embedded in the glassy groundmass. 

x-ray fluorescence; XRF 
A technique used to measure the amount of trace elements in glassy rocks; upon subjecting a rock 
sample to high energy x-rays, a distinctive spectrum of energy emissions provides a geochemical 
signature specific to each glassy rock source. 
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Appendix B 

X-Ray Fluorescence Analysis of Geologic Samples Associated With 
the Mt. Rahm Volcanics, North Cascades National Park, Washington 

by Craig E. Skinner 
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X-Ray Fluorescence Analysis of Geologic Samples Associated With the 
Mt. Rahm Volcanics, North Cascade National Park, Washington 

Introduction 

Five geologic samples associated with the Mt. Rahm volcanics, North Cascades National Park, 
Washington, were submitted for X-ray fluorescence trace element provenience analysis. The 
samples were prepared and analyzed at the Northwest Research Obsidian Studies Laboratory 
under the accession number BO-96-49. 

Analytical Methods 

X-ray Fluorescence Analysis and Characterization Studies 

Analytical Methods. Analysis of the samples was completed using a Spectrace 5000 energy 
dispersive X-ray fluorescence spectrometer. The system is equipped with a Si(Li) detector with a 
resolution of 155 eV FHWM for 5.9 k e V X-rays (at 1000 counts per second) in an area 30 mm2. 
Signals from the spectrometer are amplified and filtered by a time variant pulse processor and 
sent to a 100 MHZ Wilkinson type analog-to-digital converter. The X-ray tube employed is a 
Bremsstrahlung type, with a rhodium target, and 5 mil Be window. The tube is driven by a 
50 kV 1 mA high voltage power supply, providing a voltage range o f 4 to 50 kV. The principles 
of X-ray fluorescence analytical methods are reviewed in detail by Norrish and Chappel (1967), 
Potts and Webb (1992), and Williams (1987). 

For analysis of the elements zinc (Zn), lead (Pb), thorium (Th), rubidium (Rb), strontium (Sr), 
yttrium (Y), zirconium (Zr), and niobium (Nb), the X-ray tube is operated at 30 kV, 0.45 mA 
(pulsed), with a 0.127 mm Pd filter. Analytical lines used are Zn (K-alpha), Pb (L-alpha), Th 
(L-alpha), Rb (K-alpha), Sr (K-alpha), Y (K-alpha), Zr (K-alpha) and Nb (K-alpha). Samples are 
scanned for 200 seconds live-time in an air path. 

Peak intensities for the above elements are calculated as ratios to the Compton scatter peak o f 
rhodium, and converted to parts-per-million (ppm) by weight using linear regressions derived 
f rom the analysis of twenty rock standards from the U.S . Geo log ica l Survey, the Geo log ic 
Survey o f Japan, and the National Bureau o f Standards. The analyte to Compton scatter peak 
ratio is employed to correct for variation in sample size, surface irregularit ies, and variation in 
the sample matr ix . 

For analysis o f the elements t i tanium (Ti), manganese (Mn). and iron (Fe 2 0 3

T ) , the X -ray tube is 
operated at 12 kV, 0.27 mA with a 0.127 mm a luminum filter. Samples are scanned for 200 
seconds live-time in a vacuum path. Ana ly t ica l l ines used are T i (K -a lpha) , M n (K-a lpha) . and Fe 
(K-alpha). 

Concentrat ion values (parts per m i l l i o n for titanium and manganese, weight percent for iron) are 
calculated us ing l inear regressions derived from the analysis o f thirteen standards f rom the U.S . 
Geo log ica l Survey, the Geologic Survey o f Japan and the Nat ional Bureau o f Standards. 
However , these values are not corrected against the C o m p t o n scatter peak or other scatter region. 



and we recommend against us ing them for anything other than approximate concentrations. 
Iron/t itanium (Fe /T i ) and iron/manganese ( Fe /Mn ) peak ratios are suppl ied for use as corrected 
values. 

A w o r d o f caut ion about t i tanium, manganese and iron concentration values (i.e., t i tanium ppm, 
manganese ppm, and i ron weight percent) - as mentioned above, these values are not corrected 
against the C o m p t o n Scatter peak or other scatter region, resulting in lower than normal trace 
element values for smal l samples that fa l l be low the m i n i m u m size requirement. The absence o f 
a spectral reference also means that these values are subject to matrix effects errors. T o 
compensate for these effects, i ron-manganese and iron-t itanium peak ratios are provided for use 
as corrected values. T o ensure comparabi l i ty among samples o f different sizes, source 
assignments in a l l reports are based upon these ratios, and not on the absolute concentration 
values. 

For analysis o f the elements bar ium (Ba) , lanthanum (La) and cer ium (Ce), the X - r a y tube is 
operated at 50 k V , 0.25 m A wi th a 0.63 m m copper filter in the X - r a y path. A n a l y t i c a l l ines used 
are B a (K -a lpha) , L a (K -a lpha) , and C e (K-a lpha) . Samples are scanned in an air path for 100 to 
600 seconds l i ve - t ime, depending upon trace element concentration. Trace element intensities 
are calculated as ratios to the Bremsstrahlung region between 25.0 and 30.98 k e V , and converted 
to par ts -per -mi l l ion by weight using a po lynomia l fit routine derived f rom the analysis o f sixteen 
rock standards f rom the U .S . G e o l o g i c a l Survey and the Geo log ic Survey o f Japan. It should be 
noted that the Bremstrahlung region corrects for sample mass only and does not account for 
matrix effects. 

A l l samples are scanned as unmodi f ied rock specimens. Reported errors represent counting and 
fitting error uncertainty on ly , and do not account for instrumental precis ion or effects related to 
the analysis o f unmod i f ied obsid ian. W h e n the latter effects are considered, relative analyt ical 
uncertainty is estimated to be between three and f ive percent. 

In traditional X - r a y f luorescence trace element studies, samples are powdered and pel let ized 
before analysis (Norr ish and Chappel 1967; Potts and Webb 1992). In theory, the irregular 
surfaces o f most samples should induce measurement problems related to shifts in sample-to-
detector ref lection geometry (Hughes 1986:35). Early experiments with intact obsidian flakes by 
Robert N . Jack, and later by R ichard Hughes, however, indicate that analyt ical results f rom 
lenticular or b iconvex obsid ian surfaces are comparable to those from flat surfaces and pressed 
powder pellets, pav ing the way for the nondestructive analysis characterization o f samples 
(Hughes 1986 :35 -37 ; Jack 1976). The m i n i m u m optimal sample size for analysis o f obsidian 
glasses has been found to be approximately 10 m m in diameter and 1.5-2.0 m m thick. Later 
experimental studies conducted by Shackley and Hampel (1993) using samples with flat and 
sl ightly irregular surface geometries have corroborated Hughes' in it ial observations. In a s imi lar 
experiment, Jackson and Hampe l (1993) determined that for accurate results the m i n i m u m size o f 
an artifact should be about 10 m m in diameter and 1.5 mm thick. Agreement between the U . S. 
Geolog ica l Survey standard R G M - 1 (Glass Mounta in obsidian) values and obsidian test samples 
was good at 1 m m thickness and improved markedly to a thickness o f 3 mm. 
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Results of Analysis 

X-Ray Fluorescence Analysis 

Five geochemically distinct groups were identified from among the five geologic samples that 
were analyzed by X-ray fluorescence analysis. The locations of the samples are shown in 
Figure 2. Analytical results are presented in Table A-1 in the Appendix and are summarized in 
Table 1 and figures 1 and 3. 

The five geologic samples appear to be volcanic tuffs and rhyodacites. Bakewell and Irving 
(1994) have pointed out, however, that it is often impossible to correctly classify rocks without 
petrographic examination and major element analysis of the rock. Given the need to accurately 
determine the type of rock being analyzed, volcanic tuffs, rhyolites, and rhyodacites have proven 
to be successful candidates for archaeological and geologic provenience studies (Bakewell 1996; 
Mahmoud and Bard 1993; Newman and Nielsen 1987; Sarna-Wojcicki et al. 1979; Williams-
Thorpe 1988; Williams-Thorpe and Thorpe 1991). 

When the trace element composition of the samples is compared to previously analyzed samples 
of porphyritic obsidian from the North Cascades National Park (Skinner and Davis 1996), there 
is little systematic geochemical similarity between the Mt. Rahm volcanics samples and the 
obsidian (Figure 3). 

200 r 

E 
D -a. 100 

1 0 0 200 

Zr (ppm) 

Figure I Scatterplot of strontium (Sr) plotted versus zirconium (Zr) for 
geologic samples from the Mt. Rahm volcanics. 
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Figure 3. Ternary plot showing relative abundances of rubidium 
(Rb), strontium (Sr), and zirconium (Zr) for samples associated 
with the Mt . Rahm volcanics (filled squares) and for obsidian
like vitrophyre samples from the North Cascades National Park 
(open squares). 
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Appendix 

Results of X-Ray Fluorescence Analys 
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