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GEOLOGY AND GEOCHEMISTRY OF THE BELT CREEK-LIBBY RIVER AREA,

SEWARD PENINSULA, ALASKA

By

R. R. Asher

ABSTRACT

The Belt Creek-Libby River area 1s in the Bendeleben A~5 quadrangle of Central Seward
Peninsula, about 60 miles northeast of Nome, Alaska. Geological and geochemical work
disclosed several anomalous zones that may contain important mineralization.

The principal lithologies are metamorphic rocks of Precambrian age and igneous rocks
of Mesozoic age. The gneisses, schists, slates, and limestones that were mapped are
tentatively assigned to units established by Sainsbury and others (1969).

Folding or doming and a north-south fault of regional extent are the main structural
features., There are also faults of local extent. A thrust fault is probably present
in the northeast part of the area, but evidence is inconclusive.

Irregular calc-silicate zones are developed as alteratioun halos at the margins of
granitic plugs. DPegmatites, altered dikes, and quartz veins are also present. Analyses
of rock samples from these features failed ro reveal significant mineralization.

Colorimerric field tests for cold extractable heavy metals proved Lo be tco insensitive
to detecr anomalous zones from stream gediment samples. Atomic absorption analyses

and spectrographic analyses of stream sediment samples did reveal a number of anomalous
areas. Most anomalies are related to local high background caused by variations in
lithology, but four anomalies are considered significant. Slilver, cobalt, molybdenum,
copper, lead, and zinc are the anomalous elements.



INTRODUCTTION

PURPOSE AND SCOPE

The area discussed in this report was studied for two reasons. TFirsr, the geology is
not well known; second, accordlng to Lu and others (1968), the potential of the region
in regard to ore deposits is high.

A two man party spent six weeks in the area in Jume and July, 1969, During that time
about 70 square miles were examined geologically and stream sediment geochemical
samples were collected throughout an area of about 100 sguare niles. The geochemical
samples were fested in the field by colorimetric methods for heavy metals before being
sent to the laboratory in College for further analyses.

LOCATION, ACCESS, POPULATION

The center of the project area is about 12 miles east of Cottonwood, a highway main-
tenance station on the Kougarok road about 60 miles northeast of Nome (fig 1). Mapping
and sampling were done between 65° 05' and 65° 12' North Latitude and 164° 05' and

164° 35' West Longitude, ‘The principal drainages are the Libby River and Belt Creek.
The major part of the project area is in the Bendeleben A-5 quadrangle; a small part

is along the edge of the Bendeleben A-6 gquadrangle.

Because there are no roads or trails in the region, access is best gained with a
tracked vehicle or by helicopter. Near the south boundary of the project area it might
be possible to land a light airplane on smooth, flat-topped ridges of slate.

There are no residents in the area, nor are there any signs that the area has ever
been occupied or prospected.

CLTMATE AND VEGETATION

The climate 1s typical of an arctic maririme environment. Wind, rain, and fog are
common with a few warm, pleasant days during the summer. In the winter there are

heavy snows, sub-zero temperatures and high winds. There is little vegetation other
than grasses and moss that make up the ever-present tundra. Willows grow in patches
along dralnages, and theve ave a few dwarfed spruce trees sparsely distributed through-
out the vegion.

TOPOGRAPHY AND DRAINAGE

A broad straight valley bisects the map area. The valley is occupied by a fork of
Belt Creek that flows north and a fork of the Libby River chat flows gsouth. A low
divide separates the forks of the two streams; the divide is occupied by geveral small
lakes and marshes. The major gegments of both Belt Creek and the Libby River head in
the Bendeleben Mountains to the east., Belt Creek is tributary to the Kuzitrin River,
and the Libby River flows into the Niukluk River (fig 1).
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The broad valley mentioned above cuts completely across the west end of the Bendeleben
Mountains. Thus the east side of the project area is on the flanks of the Bendeleben
Mountains, and the west gide includes a group of isolated hills that separates the
Belt Creek dralnage from the Pilgrim River farther west. Both sides of the valley
display the characteristics of a mature erosion surface, but the isolated hills on

the west show a topography and drainage style that 18 distinctly different from that
on the east side of the valley.

Stream patterns and topography indicate that about the upper two miles of the Libby
River fork were once part of Belt Creek and flowed northward, but slight uplift in the
vicinity of the divide diverted thils headward portion of Belt Creek to the south and
it became part of the Libby River. The drainage change may be relaced to transverse
faulting. The valley that blsects the project area is remarkably straight. The
linearity is probably the result of structural control,

On the east side of the valley stream density is low. The mailn tributaries to Belt
Creek and the Libby River are relatively straight streams that flow west or southwestc.
Tributary streams are sparse. All of them flow northward and occupy north~facing
slopes. The main drainages on the east side of the valley have no south-flowing
cributaries (fig 2).

On the west side of the valley stream density is higher than on the east side, and
there is a well integrated drainage system, Many of the tributaries turn northward
and flow parallel to Belt Creek for as much ags a mile before they join the main stream
at an acute angle. This feature is well displayed by F Creek (fig 2).

On the east side of the valley, ridges are elongated southwest and slope away from
Mount Bendeleben, the highest point in the region at an elevation of 3730 feet.

Ridge summics are wide and gently convex; they are broken by step-like flats or
altiplanation surfaces. The streams that define the ridges are assymetric in theit
headwater portions, north slopes are steeper than south slopes, but the streams occupy
wide, mature valleys.

On the west side of the valley, ridges trend northeast to east, Ridges are rounded
and slopes are uniform. Valleys are byroad, symmetrical and mature.

Only Belt Creek and the Libby River are named on maps. For convenience of reference,
tributary streams are designated by letters of the alphabet starting with A Creek in
the southwest corner of the map area (fig 2).
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PREVIOUS WORK

There are no previous reports covering the project area. The Bendeleben Mountalns

are mentioned in several earlier reports, but only in a general way. Late in the 1969
field season Sainsbury and others released an open file report that deals with the
Bendeleben A~-6 quadrangle and other nearby quadrangles. This report contributes
significantly to a better understanding of the stratigraphy and structure of the Centxal
Seward Peninsula,

CGEOLOGIC SETTING

ROCKS OF THE CENTRAL SEWARD PENINSULA

In 1969 Sainsbury and others presented a unified stratigraphic picture of the Central
Seward Peninsula. Their mapping did not extend into the Bendeleben Mountains. A
discussion of the rock unics they recognized is presented below.

Older Precambrian

Kigluaik Group

Bedrock in the Kiglualk Mountains (fZg 7) is orthogneiss, paragnelss, crystalline
marble with olivine ox monticellite and thick blotite-garnet-andalusite schists.

Nome Group

Rocks of the Nome Group are exposed north of the Kigluaik and Bendeleben Mountains
in the highlands north of the Kuzitrin River (fig 1). Nome Group rocks are also
exposed at the east end of the Kigluaik Mountaing and extend eastward to the Pilgrim
River,

The Nome Group is made up of a thick sequence of greenish schists with intercalated
schistose marbles and beds of chlorite-epidote~albite—actinolite-calcite schists.
Locally the rocks in the Nowe Group are highly deformed. They are involved in
imbricate thrusting in places.



Late Precambrian

Slates of the York Region

A thick sequence of black, slaty, graphitlc rocks is exposed north of the Bendeleben
and Kigluaik Mountains in the highlands north of the Kuzitrin flats and at che east

end of the Kigluaik Mountaing. The slates overlie Nome Group rocks and they are re-
ferred to by Sainsbury and others (1969, p 4) as Slates of the York Region. Locally
the slates are highly deformed with numerous rcontorted quartz veinlets.,

Pra-Ordovieian Dolomitic Limestone

Dolomitic limestone of probably Late Precambrian age overlies Slates of the York
Reglon. The rocks are north of the Kuzitrin River and are exposed in imbricate thrust
sheets.

Paleozoic Rocks

Carbonate rocks that range in age from Ordovician to Silurian are exposed north of the
Ruzitrin River. Imbrilcate thrusting has displaced and deformed the rocks at several
localities.

Mesozoic Rocks

Intrugive rocks that range in age from Mid- to Late Cretaceous are exposed at several
places 1in the Central Seward Peuninsula, Dikes of several compositions are present,
but the largest intrusives are biotite granite stocks and plugs. There are two
varieties of the graniric rocks. One type 13 very fine-grained; the other is coarsely
porphyritic. 1In the quadrangles studied by Sainsbury and others (1969) the fine~
grained variety is confined to the Kigluaik Mountains. The porphyritic variety is
exposed as isolated stocks ac several localities.

Cenozolc Rocks

Lignitic beds of Tertiary age are exposed on the Noxapaga and Kuzitrin River flats.
Deposits of Quaternary age include the lava fields of Central Seward Peninsula, un-
congolidated glacial deposits along the north front of the Kigluaik Mountains, high
level gravels and loess deposits.

ROCKS IN THE BELT CREEK-LIBBY RIVER AREA

Rocks mapped in the Belt Creek-Libby River area are tentatively assigned to units
established by Ssinsbury and others (1969). Assigmments are tentative because de-
tailed petrographic work was not done and time was not available foxr visits to type



localities. The units include rocks in the Kigluaik Group, the Nome Group, Slates of
the York Region, limestone and intrusive xocks. The area is thus a Precambrian terrain
with Intruded rocks of Mesozoic age.

Qutcrops in the region are sparse. DBroad expanses of tundra mask large areas along
valley slopesg. Elsewhere, as along ridge tops, frost riven rubble and float are the
principal indicators of bedrock. Consequently, locations of contacts are general and
the structure must commonly be inferred.

Kigluaik Group

Coarse tiotite Gneiss

Coarse biotite gneigs lies on the wesk side of the Belt Creek-Libby River valley

(fig 2). TFloat and sparse outcrops indicate that the gneiss is an important part of
the bedrock in the northwest part of the map area that is characterized by tundra~
covered hills. The gneiss 1s closely asgociated with gneissic granite, but exposures
are too sparse to delimit contacts effectively.

Biotite, quartz, feldspar, and garnet can be identified in hand specimens of the coarse
biotite gneiss. Quartz pods and lenses are common in the gneiss and large blocks of
quartz float are abundant on hillslopes in places. The rocks are dark gray and weather
dark gray to black. The rocks commonly develop a speckled black and white color. The
texture is gneissic to layered.

Mafie Unit

In the northwest part of the map area there is a band of float made up of dark, mafic
debris. 1t trends northeast and was traced by scattered debris for about 8000 feet.
Because the mafic rocks do nor crop out, the width of this unit was not determined.

In general the wafic debrlis is {ine-grained, but some of the float fragments are
coarge-gralned., Biotite, pyroxXene, and olivine altered to serpentine cam be {dentified
in hand specimen, The rocks probably represent a metamorphosed gabbro or diabase dike.

Fine Biotite Gneiss

On cthe east side of the Belt Creek-Libby River valley there 1s gneiss that is finer
grained than that on the west side of the valley. Megagcopic minerals include quartz,
biotite, and feldspar. The rocks are calcareous in part with interbeds of thin re-
crystallized limestones. Greenish, epidote-bearing calcareous rocks are lrregularly
developed as alteration halos near granitlc contacts. These calc-silicate rocks may
represent a type of propylitic alteration.

The fine-grained gneiss is dark colored on fresh surfaces and a speckled black and
while on weathered surfaces. The rocks have a gneissic to schistose texture.

Much of the bedrock in the eastern part of the area is fine-grained gneiss (fig 2).
On top of the ridge separating Belt Creek and the Libby River are isolated spires of
coarser grained gneiss.



Nome Group

Fine-grained rocks that are dark gray to black on fresh surfaces and weather light
reddish brown co dark gray are in the southwestern part of the map area (f7Zg 2). These
rocks were mapped as Nome Group schists.

Megascopic minerals in the schist include mainly quartz and biotite, but there is also
feldspar and hornblende. Small garnets are present in some specimensg, and actinolite
was observed in one plece of float. The rocks are finely schiatose.

Interbedded in the schists are beds of limestone that are recrystallized to fine,
granular calcite. In one of these beds, there are numerous small disseminated grains
of graphite. The bed is about 50 feet thick,

Near the margins of granitic intrusives irregular epildote-bearing, calc~silicate alter-
ation zones are developed in the schist. Graphite 18 also a common constituent in
these rocks.

Slates of the York Region

There are black, graphitic slates in the southwestern part of the map area. A small
exposure of slate is also In the northeast part of the map area; the slate rests on
fine—grained schist of the Kigluaik Group. It was prabably thrust into its present
position. Farther east, beyond the limits of the map area, black slates appear to be
abundant.

Contorted quartz stringers and velnlets are abundant ir the slate. These are dis-
continuous and do not follow a preferred orientation. Some of the velnlets are liuned
with crystalline quartz and the veins probably represent fracture £illings in shattered
rocks.

Pre-Ordovician Dolomitic Limestone

In the northeast part of the map area a small isolated block of dolomitic limestone
rests on rocks included in the Kigluaik Group. It may be the remnant of a thrust sheet.
The limestone is probably part of the calcarecus rocks of Late Precambrian age that
overlies Slates of the York Region.

Intrusive Rocks

Gneissic Granite

In the northeast part of the map area low, rolling, tundra-covered hills are mantled
by frosr riven gneissic granite rubble and coarse biotite gneiss float of the Kigluaik
Group. Isolated pinnacles of gneissic granite crop out at a few places.
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Megascopic minerals in the gnelssic granice include quartz, blotite, and feldspar.
Coarse pegmatite dikes with tourmaline crystals are associated with the gneilssic granite.
The rocks are medium- to coarse-gralped and have a gneissgic texture.

Fine-grained Quarts Monzonite or Granite

There are two places where fine-grained granitic rocks are extensive. 7These are near
the southwest and southeast limits of the area shown in figure 2. At some localitias
there are no dark minerals. The rocks are alaskite,

The fine-grained granitic rocks in the southeast part of the area intrude schists of
the Nome Group; there is a halo of calc-silicate rocks bordering the contact. The
contact zone 1s irregular in width, The actual width at any one place was not deter-
mined because the presence of the alteration halo was inferred mainly from float.

The granitic rocks in the goutheast part of the area are at the base of the ridge #hat
forms the main Belt Creek-Llbby River divide (fZg 2). Its presence was determlned
from debxis rhat mantles the tundra. A calc-sillcate zone was not observed. Smaller
exposures of fine~grained granitic rocks are found throughout the area.

The fine-grained granitlc rocks have an equigranularx texture. Weathering yields light
gray or white rocks. Quartz, feldspar and more or less blotite are visible in hand
specimen. Small garnets are associated with the alaskite phases.

Miller and others (1966) studied a belt of plutons In West-Central Alaska, They con-
cluded that two episodes of pluton emplacement took place during the Cretaceous period.
The older plutons were emplaced in Middle Cretaceous about 100 million years ago and
the younger ones were emplaced in Late Cretaceous about 81 million years ago. The
older sulte is composed chiefly of saturated monzonite and syenite and undersaturated
feldspathoidal syenite. The younger suite is represented by qQuartz-bearing grano-
diorite and quartz monzonite,

It ig not known if a similar sequence of events ctook place in the Belt Creek-Libby
River area, but it is likely that two ages of Ilantrusives are present.

Sainsbury and others (1969, p 23) in a discussion of the adjoining Bendeleben A-6
quadrangle discuss the presence of the gneissic granite and pegmatite. They polnt out
that these rocks do not intrude the Slates of the York Region or rocks of the Nome
CGroup, and suggest that they may be Precambrian in age.

Dikes

The metamorphic and granitic rocks of the region are cut by guartz diorite dikes,
rhyolite dikes, propylitically altered dikes of unknown original composition, aplite
dikes and pegmatites. Attlitudes are diverse and no preferred orientation or pattern
is discernible. None of the dikes can be projected with confidence becaugse of in-
adequate outcrops.

At the southwest end of the area porphyritic quartz diorite dikes intrude the Slates
of the York Region. The dikes trend near east-west and ome of them appears to be
about 6000 feet long and 75 to 100 feet wide. The presence of the dikes is marked by
linear beaps of frost-riven rubble.
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On the east side of the valley there are bodies of porphyritic quartz diorite that are
irregular in outline. Heaps of rubble indicate their presence. These rocks are local-
ized in fine~grained gneiss of the Kigluaik Group. Maximum dimensions are about 1500
feet by 3000 feet. They are elongated in a north-south directien.

The porphyritic quartz dlorite contains megascopic quartz and feldspar in a dark glassy
groundmass with locally abundant biotite. The rocks are fine-grained porphyries with
granular texture. On fresh surfaces they are light gray and weather dark gray.

Near the head of P Creek om the east side of the Belt Creek-Libby River valley there
is a rhyolite dike about 300 feet wide; it can be traced for about 4000 feet. The
dike crends north-south, Tarther north there is a similar dike in fine-grained schist
and about a half mile west there is a smaller one in fine granite (fig 2).

The rhyolite dikes, particularly the one near the head of P Creek, are stained with
limonite and boxwork structures are developed that resemble a leached pyrite capping.
No fresh sulfides were observed. In hand specimen quartz phenocrysts in a fine glassy
groundmass are visible, and the groundmass has a texture xesembling flow banding. The
rocks are light colored and weather light tan to buff.

At several places in the map area there are zones of altered rocks with linear trends.
These rocks are most abundant near the west margin of the valley that bisects the area
(fig 2). The rocks are propylitically alrered; calcite, epidote, quartz, and biotite

are visible in hand specimen. The original composition of these rocks is unknown.

These altered rocks have a light green cast and granular texture. Some show a distinct
layering and the layers are complexly contorted in some outcrops. Because of thelr
linear trends and granular texture these rocks are thought to be propylitlcally altered
dikes. Locally the altered dikes are more resistant than the surrounding rocks and
isolated remnants stand above the general land surface.

Pegmatite and aplite dikes are assoclated with granitic intrusives in the region, but
at several places the pegmatite dikes have no obvious connection to a nearby iIntrusive.
East af M Creek (fig 2) a large pegmatite dike cuts fine-grained gneiss. Evidence
from float and intermictent outcrops suggest that the dike is about 500 feet wide and
6000 feet long.

The dike was mapped mainly by the distribution of float. Megascopic minerals Include
quarcz, feldspar, and muscovite. The dike is medium~grained, with granular to graphic
texture, and light colored.

In the southeast part of the area there is a pegmarite dike with large tourmaline
crystals. Tourmaline is a common constituent of the pegmatites in the region, but at
this locality the crystals are uncommonly abundant and largex than usual.

At a few places in the area float fragments of amphibolite and greenstone were observed.
The location of the source of these fragments was uncertain and the occurrences were
too small to show on the map (fZg 2). Sparse pyrite and chalcopyrite are fairly common
in the greeonstone float fragments.

STRUCTURAL GEOLOGY

Rock exposures are sparse and the lack of artitudes makes structural interpretations
difficult, The main structural features include doming or folding on the west side of
the area and an inferred fault of regional proportions in the Belt Creek-Libby River
valley.
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The Kigluaik Group rocks on the east silde of the valley dip east. The Nome Group
schists on the west side of the valley also dip easterly up to the crest of the ridge
that parallels the west margin of the Belt Creek-Libby River valley (fig 2). On the
west slde of that ridge the Nome Group schists dip to the west. Thus on the west side
of the valley the schists form a broad anticlinal domwe. The doming may be related to
an unexposed ilntrusive which is suggested by the large amount of calc-silicate rocks
ar the north end of the schist outcrop area.

Because the Nome Group rocks are younger than the Kigluaik Group rocks and the Nome
Croup rocks dip under the Kigluvaik Group rocks, a steep fault is inferred in the Belt
Creek-Libby River valley. Extensive tundra in the valley prevents direct observation
of the fault, but the linearity of the valley lends support to the inference. The west
side of the valley represents the down—dropped block.

The limestone bed in Secs., 16 and 21, T4S, R28W, is bounded on the north by the D Creek
fault and on the south by the C Creek fault. The D Creek fault plane is exposed in the
bank of D Creek; it strikes N4OE and dips 255. The limestone on the hanging wall
(south side) of the Ffault has been displaced about 1500 feet horizontally. Vertical
novement is unknown,

The C Creek fault is not exposed but the liwestone bed has been displaced about 5000
feet. The north side of the fault moved southwest. Because of the sense of movenent
on the bounding faults, and drag at the margins, the recrystallized limestone between
the two structures is bowed to the west (fig 2).

The granitic intrusive in the southwest part of the area is cut off by a fault that
strikes N70E and dips 30S. The fault forms a fairly sharp contact between the granite
and the schist (fZg 2). The fault plane 1s marked by a two-inch seam of quartz with
mixed biotite and muscovite In coarse platres.

The slates soucth of A Creek are highly crenulated, contorted and fractured. Microfolds
are numerous and fractures are filled by quartz, The fracturing and folding are
probably related to a fault paralleling A Creeck.

The alcrered dike in Sec. 11, T4S, R28W, 1is cut off on the east by a fracture plane
thac strikes NBOE and dips 70S, The dike is highly altered and sheeted by parallel
joints that give the dike a layered appearance. The layers are folded and crumpled;
the axial planes strike west, are vertical, and plunge 25E.

On the east side of the valley there is less evidence of faults or other structures.
The xhyolite dike at the south end of the map area is offset slightly by a fault that
strikes N75E and dips 68S. Slickensides in the fault plane plunge 15E. There is a
quartz veln 18 inches wide in the hanging wall of the fault zore.

There are two small isolated blocks of limestone in the northeast corner of the map
area, and one small patch of the Slate of the York Region. The distribution of these
rocks 1is probably the result of thrust fauvlting. Thrusting is postulated because at
other places on the Seward Peninsula, isolated blocks of limegtone, such as these, are
commwonly related to thrusts (Sainsbury and others, 1969).
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ECONOMTIC GEOLOGY

There are no surface exposures of ore minerals in the project area, but samplés were
taken of altered zones, gossans, pegmatites, and other rocks. Field tests of stream
sediment samples revealed geochemical anomalies from several drainages. These streams
were lnvestigated for the sources of the anomalous samples, and samples taken as
necessary.

Thirty-five selected rock samples were analyzed by emission spectrograph for 30 elements.
The results of the analyses for 14 of these elements is shown in table 1. The locations
of the 35 sample sites are shown on figure 2. 1In addition, 10 samples of recrystallized
limestone, calc-~silicate rocks and altered dike rocks were analyzed by atomic absorption
for gold, silver, copper, lead, and zinc. The results of these analyses are not tabu-
lated because the values obtained were very low: gold, 0.2 parts per million (ppm);
silver, 0.1 ppm; copper, 5 ppm; lead, 15 to 60 ppm; zinc, 5 to 20 ppm.

Study of table 1 shows that none of the samples analyzed contain significant amounts

of metallic minerals. There are variations according to lithology and relatively higher
concentraticns of metallic elements in some samples, but none of the samples indicate
mineralization concentrated enought to be commercial. However geochemical samples
indicate several anomalies that should be investigated.

In general the calc-silicate rocks and the altered dikes are enriched in iron, calcium,
and titanium as compared to other rocks in the area. The mafic rocks, such as amphi-
bolite and greenstone, are relatively rich in copper, zinc, chrome, cobalt, and nickel.
Pegmatites show relatively higher concentrations of beryllium and tin. The black slates
show higher than average concentrations of molybdenum and barium. All of these elements
were detected in trace amounts only from samples that had been selected on the basis of
probable mineralization. The above observations may aild in interpreting geochemical
anomalies; but rock sampling alone is not a sensitive exploration technique.



Table 1 Emission Spectrograph Analyses, Rock Samples; Bendeleben A-5 and A-6 Quadrangles, Seward Peninsula, Alaska;
Values in parts per million, unlegs indicated otherwise.

Y.
: 5 2l g 5
Sample § E| ] 3 P A
" e o —t —~ o - w = =l
a =1 — g ¢ o = c @ 3 il Remarks
Mesber | 2| B1OE) 2B 25 2 8 B B BBl g
S 3 3 2 8 &) = = Eet — 3 M | =
3r 201 20 | 100 10 20 5001 20 |1000O 5000 3 5| 500 1 |10 | Calc-silicate rocks; biotite,
epidote, graphite flakes; flecat.

28¢ 500 20 | 200 10 200 501 20 |2000 NA(I) 2 51100 | 2 |10 | Amphibolite; amphibele, olivine,
minor pyrite.

47¢ 10] 20 | 100 ND(Z) 10| 100] 10 | 500 5000 | 2 1| 500 2 |®¥D | Calc-silicate rocks,; calcity, granular
quartz, graphite; float.

481 50 | 10 | 200 10 100 | 1000 |100 |1000| 10600 | 1O 10 50| ¥D | ND | Amphibelite; olivine, amphibele,
garnet, minor disseminated sulfide;
float.

S5ir 20 | 50 JLlo0 5 20 200 20 500 5000 5 1] 500 5 |10 | Pegmatite; orthoclase, quartz, bio-
tite, tourmaline, quartz; float.

52r 50120 |100 5 50| 20C( 2¢ 500( 16000 5 1] 500 2 |10 | Calc-silicate with quartz lenses.

57r 100 | 1C | 200 5 100 200 30 |1000( 10CG0O | 20| 10| 200| WD |10 | Altered dike with quartz, epidote,
calcite, bictite.

67c(b) 5150 |100Q 5 ND| 200( 20 | 100| 2000 | 1| ND| 100| 10 |ND | Alaskite with phenccrysts of clear
quartz; float.

67r(a) 20 |50 {106 5 20| 100| 20 ) s500| 3000 3 1] 300] & | 6| Alaskite to calc-silicate; composite
chip sample from float fragments.

71r a0 |20 |10 5 20| 100| 20 |1i000| 5000 | 5 2] 200 2 |20 Calc-silicate with quartz, epidote;
float.

92r 10 |20 |10C | ND 10 100 | 26 | 1000 5000 | 2] 0.2] 500 1 |ND | Fine-grain granular greenish-brown
rock with limonite, quartz, epidote.




Table 1 - continued

Sample #| Cu |Pb | Zn | Mo Co Cr | Wi | Mn Ti |Fe | Mg | Ba | Be | Sn Remarks

95r 10 | 20| 100 5 20 100| 20 | 1000l 5000( 5 2 | 200 2| ND| Fine schist and calc-silicate with
stringers of monzonite.

97r 10 | 20 100 3 20| 200 20 [ 500| 3000( 5 2 | 206 2| ND| Calc~silicate float.

100r 100 101 100 10 1001 1000( 5C | 2000( 5000 (10 ERY 50| ND | ND| Fine schist with actinolite; float.

104r i0 200 1001 5 20 2001 20| 20000 5000) 5 5| 100{ 1| ND| Altered biotite schist, minor
caleite; fleat.

130r 20 101 100 5 10 100] 10 500 2000 2 ]106.5 500 2| ND| Contact zone, monzonite~schist,
minor tourmaline.

1347 100 | 10} 200]) 10 100) 500Q] 50 ) 2000 500010 ) 10 20| ND| WND| Small patch greenstone debris; gar-
net, quartz, chlorite, sparse sulfide.

152r 10 [ ¥p | 10014 10 ND| 100| 20| 200 300| 1 ]10.2 | 1000 NR| ND| Graphitic black slate with many
quartz veinlets; trace gold.

159r 20 | ND | 00| 10 ND| 100]| 10| 100 2001 1| ND | 1000 ND| ND| Graphitic black slate with quartz
veinlets.

162r 20 | ¥p | 100 | 10 10 200| 50| 209 ND| 2| ND | 10O ND| ND| Composite grab sample of gquartz vein
in black slate; trace gold.

lear{a} 5 50 ND 5 10 20Q| 20 200 160l 1] 0.1 200 2| Ni| Fine-grain schist; float.

164t (b) 20 | 50200 5 WD 10C| 10| 10600 100 2| W 500 5| 20| Pegmatrite; quartz, crchoclase,
tourmaline; float.

170r 20 201100 5 50 5001 50| 1000 50001 5 5 500 2| ND| Greenstone debris; minor sulfides.

185x (b) 50 |z20)100) 5 HD| 100f 10 100] 5000) 5{ ND | 10Q 1| ND| Rhyolite dike.

186r 50 501100} 5 ND) 100) 10| 100, 2000]10 | WD | 200 1| 10| Brecciated quartz vein in rhyolice
dike.

ST



Table 1 - continued

Sample # | Cu |Pb | Zn | Mo Co Cr | ¥i | Mn Ti Fel Mg | Ba | Be| Sn Remarks

185r(a) 100 20| 100 5 ND 100 10 100] 5G00 |5 | ¥D 100 1| ¥0 | Composite grab sample; rhyclite dike
with limonite.

194 20| 10| 100 5 ND | 100 10| 200 2000 |2 {0.1 200 5| ND| Brecciated rhyolice with limonice;
float.

202r 2 20| 100 | ND 10 | 10¢ | 10 |1000| 2000 | 2 5 | 100| ND| ¥D| Altered dike; float.

204 20 20| 100 S 20 | 200 | 20 | 200Q| 2000 |5 2 | 500 2| ND| Calc-silicate rocks; quartz, calcite,
epidote; float.

212¢ 10 Z0| 100 | ND 10 100 20 5001 2000 2 5 200| ND| ND| Calc~silicate rocks; fleat.

220 515010 5 10 | 200 20 [ 1000| 2000 | 2 |0.5 [1000 2| ND| Diorite rubble.

226x 100 | 50| 200 20 20 | 500 | 50| 100Q0( 5000 [ 5 5 [5000| ND|[ ND| Black slate; siliceous, limonite along
cleavages.

231r 50 | 10 200| 50 10 | 100 |lo0| 500 2000 | 2 1 (5000] ND| ND| Fine—grained gneiss.

234r 10 | 20| 100| 10 20 500 50| 5004 5000 | 5 1] 50 2| WD{ Calc-silicate float.

241r 10 | 20| 1o0| 5 10 | 200 20| 504 5000 | 5 2 50 5| ¥D| Siliceous rock with calcite.

{1) NA -— Not analyzed

{2) ND -- Not detected
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GEOCHEMISTRY

SAMPLING METHOD

Stream sediment samples were taken at one-quarter mile intervals from the active bed of
each stream in the project area. There were 425 samples taken. Stream sediment sample
locations are shown on figure 2.

A composite sample from an area 25 to 50 feet long on both sldes of the stream was
taken at each sample site. Samples of Iine silt as free as possible from organic
matter were collected in cloth bags. The cloth bag containing the sample was placed
in a plastic bag to prevent contamination from other samples during transportation

and shipmenc.

FIELD TESTS

Each sample was analyzed in camp for heavy metals by a dithizone colorimetric tech-
nique described by Hawkes (1963). Afcter field analyses were complered the samples
were sent to the Division laboratory in College for precise determinations of metal
content. The fleld test results were recorded by the mililiters of dichizone re-
quired to reach an end point. Results of field tests as well as notes and remarks
pertaining to the sample site are shown in appendix II.

A field test of six mililicers was congidered significant. Values ranged from zero

to 22, but only six samples had a value of Six or more. These anomalous samples are
listed below (tavle 2), and for comparison certain elements detected by atomic absorp-
tion and emission spectrograph are also listed.

Table 2 -~ Anomalous Stream Sediment Samples As Indicated By Cold Extractable
Heavy Metals Test

Map Field Test in Atomic Absorption Enlssion Spectrograph
Sample Mililiters of Data in Parts Per Vata in Parts Per
Number Dithizone Million Million
-
)
H o 9]
& o 3] el éi g
[ @ d @ — —
a ) o ] o) -
Q -] N o | = [45]
3 7 15 15 50 —-— ~— 2%
156 20 5 15 100 50% 10%% i*
359 22 20 15 200% - - -
360 13 35 20 230% -~ 5 —=
371 14 30 20 140%* 10 10%% -
403 7 20 15 L40%* - 5 ——

* Denotes anomalous concentraticn
%% Denotes threshold concentration
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Field data, including information about the sample site, the location and the field
test were entered on a specially prepared form upon which could be entered information
obtained later in the laboratory.

LABORATORY ANALYTICAL METHODS

All of the stream sediment samples collecred were analyzed by atomic absorption for
copper, lead, and zinc in the laboratory of the Division of Mines and Geology. Results
of the analyses were entered on the forms that contained the field data. Because of
loglstics it was not possible to receive the analytical results in the field. Results
of the atomic absorption analyses are shown in appendix II.

During the winter the samples were anlayzed by 30~element semiquantitative spectro-
graphic methods. The elements looked for and the detection limits of the spectrograph
are shown in appendix I. The spectrographic work was done by the Mineral Industry
Research Laboratory of the University of Alaska under the direction of Lawrence E.
Heiner. Larry Shafford and Jane Bryant performed the analytical work. The results of
the spectrographic analyses were entered on forms containing the previously obtained
information and the data were punched on IBM computer cards. The results of the emission
spectrograph analyses are shown in appendex II.

DATA PROCESSING AND CALCULATION OF ANOMALIES

After all the accumulated data pertainlng to each sample were punched on IBM cards

the data were fed into the IBM 360 Computer.at the University of Alaska. The computer
program was written, managed, and supervised by Lawrence E. Heiner, Mineral Industry
Research Laboratory, University of Alaska.

The computer print out tabulated the resulcts of all analyses of each stream sediment
sample plus remarks, sample number and other information pertaining to the sample
(appendia IT). The computer determined the average and standard deviation for each
elenment based on the value for every sample. When the concentration of a given element
was less than the detection limit of the spectrograph, the letters ND, for '"none
detected", were entered on the IBM card. To calculate averages and standard deviations
a value equal to one half the value of the lower detection limit, or the crustal average
for the element, whichever was less, was substituted for ND. The computer calculated

a threshold and anomalous value for each element by using the average and standard
deviation.

The rhreshold and anomalous values for each element were arrived at by methods described
in Hawkes and Webb (1962, p 30). Threshold is rtaken as the mean plus twice the

standard deviation; anomalous values are taken as the mean plus three standard devi-
ations,

Threshold and anomalous values calculated by the above method are meaningful if the
sample population is distributed normally. The further the data departs from normalcy
the less reliable are the computed threshold and anomalous values. Because of this
the computer calculated a second set of threshold and anomalous values, by treating
the daca for each element as if it were lognormally distributed. This second set of
anomalous and threshold values was calculated as described above, except the numerical
value of the analysis for each sample was replaced by the logarithm of the value.



Table 3 - Statistical Measures, Calculated Threshold and Anomzlous Values, Stream Sedimenc Samples,
Bendeleben A-5 and A-6 Quadrangles, Seward Peminsula, Alaska. (Values in parts per million
unleas indlcated otherwise.)

Normal Data Logarithms of Data
Standard Threshold Anomalous Standard Threshold Anomalous
Element Average Deviation Value Value Average Deviation Value Value
Copper’ 19.41 12.28 45 55 1.24 0.25 1.74 2.00
Leadl 16.03 6,20 26 35 1.20 0.15 1.51 1.66
Zinc! 71.29 36.61 130 160 1.81 0.20 2,21 2.41
Capper 18.59 50.67 100 200 .15 0.27 1.70 1.98
Lead 14.93 9.88 20 50 1.14 0.24 1.61 1.84
Zinc 120.32 58.80 200 500 2.05 0.16 2.37 2.53
Molybdenum 3.54 3.68 10 20 0.59 0.22 1.03 1.26
Silver 0.15 0.29 1 1 0.05 0.08 0.21 0.29
Cobalt 21,23 11.68 50 50 1.30 0.20 1.70 1.90
Chromium 114.25 84,87 200 500 2.00 0.21 2.43 2.64
Nickel 25.97 16.50 50 100 1.38 0.20 1.78 L.98
Manganese 1483.29 1422.64 5000 5000 3.04 0.33 3.69 4.02
Titanium 5098.77 2250.12 10000 10000 3.66 0.22 4.09 4.31
Icton (X) 3.06 1.86 5 10 0.57 0.17 0.91 1.08
Magnesium (%) 1.26 0.68 2 5 0.34 0.12 0.57 0.69
Calcium (%) 1.30 0.75 2 5 0.34 0.12 0.59 0.72
Barium 620.64 309.08 1000 2000 2.75 0.18 3.12 3.30
Strontium 143,23 70.17 200 500 2.12 0.19 2.49 2.68
Boron 68.87 58.12 200 500 1.72 0.33 2.38 2.71
Beryllium 1.84 0.91 5 5 0.43 0.13 0.69 0.82
Tin 2.14 1.04 5 5 0.49 0.07 0.63 0.71
Tungsten 1.50 0.00 2 2 0.40 0.00 0.40 0.40
Zirconium 172.16 86.81 500 500 2.19 0.20 2.59 2.79
Lanthanum 47.31 62,05 200 500 1.56 0.30 2.16 2.45
Niobium 17.71 5.15 50 50 1.25 0.13 1.51 1.64
Scandium 15.84 7.28 50 50 1.19 0.70 1.53 1.71
Ytoriom 35.42 27,14 100 200 1.49 0.24 1.96 2.20
Vanad {um 84.72 38,46 200 200 1.90 0.17 2.25 2.42
Argenic 1.80 0.02 0 0 0.45 0.00 0.45 0.45
Antimony 1.18 9.86 50 50 0.10 0.19 0.48 0.67
Bismuth 2.65 1.88 10 10 0.42 0.40 1.22 1.62
Cadmium 0.94 8.55 20 50 0.09 0.16 0.42 0.59
Gold 0.03 0.50 0 0 0.00 0.05 0.11 0.16

1 - Artomic absorption data; all others are emisslon spectrograph analysey.
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To learn if the data are normally or lognoramlly distributed, and thus which value is
the most reliable, the computer plotted histograms for copper, lead, and zinc as deter-
mined by atomic absorption. Histograms were also plotted using the logarithms of the
data for the above elements. By comparing the two histograms for a given elemefit rhe
nature of the population distribution could be determined. The populations for copper,
lead, and zinc¢ are more nearly normally distributed than lognormally distributed. There-
fore the anomalous and threshold values calculated directly from the data are used 1o
this report. The various histograms are shown in appendix III. Histograms were not
plotted for elements determined by emission spectrograph. The detectlon intervals
increase geometrically and histograms are not useful. Element populations determined
by emission spectrograph are assumed to be distributed mormally. Threshold and
anomalous values are taken as the mean plus two and three standard deviations respec-
tively.

To verify the threshold and anomalous values for copper, lead, and zinc, cumulative
frequency curves were plotted on semi-logarithmic paper. These curves are shown in
appendix III. The values obtalned are similar to those obtalned by assuming the data
is normally distributed.

Table 3 shows the threshold and anomalous values used in thls report for che various
elements. The logarithmic values, averages and standard deviations are also included
in cable 3.

DISCUSSION OF ANOMALIES

General Observations

A study of figure 2 and appendix II reveals that stream sediment samples from the east
side of the valley contain more copper and zinec than stream sediment samples from the
west side of the valley. Except for one sample from Lucky Dog Creek and one sample
from the West Fork of the Libby River, none of the samples taken from the west side

of the valley contain more than background amounts of copper or zinc, but lead is a
fairly common anomalous or threshold element. On the east side of the valley, copper,
lead, and zinc are all fairly common anomalous elements. This indicates that there
are two distinct and separate populations in the region and if statistical treatment
weve carried further they should be treated as such.

On the west aide of the valley calcium is concentrated in stream sediment samples to a
much higher degree than on the east side of the valley. This probably reflects gross
variations in lithology in the two parts of the area and agsin indicates two separate
populations that should be treated separately.

Area North of F Creek

The northwest part of the project area is drained by I Creek, H Creek, G Creek, and
tributaries of F Creek., The streams form a semi-radial drainage pattern surrounding
a broad, east-trending ridge (f2g 2). Sediment samples from the headwater portions of
these streams are anomalous in silver, cobalt, lead, and molybdenum. Titanium, rare
earth elements and several other elements are also concentrated in anomalous amounts
in some of the samples from these streams.
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Rock outcrops in the vicinity are sparse, but frost riven rubble that is probably near
its original location is fairly abundant. No rock samples were taken in this part
of the area because none appeared to be mineralized.

On the crest of the ridge separating H and 1 Creeks there is float derived from mafic
rocks. Similar float occurs at the crest of the hill at the head of T Creek and at

the head of a fork of F Creek. No samples of this rock were analyzed, but there is
probably a relation between the mafic dike(?) and the anomalous cobalt, silver, molyb-—
denum, and lead. The rare earths, titanium, and zircon prxobably reflect the pegmatite-
granitic lithology of the area. This anomalous zone 1s important enough to warrant
prospecting and sampling.

Head of F Creek

Near the headwaters of E Creek gneissic granite with pegmatite phases 1s bordered by a
halo of calc-gilicate rocks. Sediment samples from the headwaters of forks of E Creek
are anomalous in lead, silver, molybdenum, and beryllium. These anomalies are related
to beryllium associated with pegmatites and slight mineralization in the cale-silicate
zone. Rock samples 51r (pegmatite) and 52r (calc-silicate) are from the vicinity and
they show little of interest. This anomaly is probably of little significance.

Lucky Dog Creek

Stream sediment samples were taken from the upper forks of Lucky Dog Creek, a tributary
to the Pilgrim River on the west. The sampled portions of the stream are on tne west
side of a gneissic granite ridge, Samples from the fork farthest north are anomalous

in lead, silver, molybdenum, and cobalt. This assoclation is similar co that north

of F Creek. No mafic rocks were observed in the vicinity, but the crest of the ridge
was the westward limit of mapping. There 18 a pegmatite dike near the head of the
stream where the anomalous samples were collected, and some calc-silicate debris appears
in the rubble that mantles the ridge.

This anomaly may be significant because the absence of a gimilar anomaly in the fork
of Lucky Dog Creek just to the southeast indicates that the source of the anomalous
sedimentgs 1s not related to the general lithology of a local enrichment of bedrock.
The northwest fork evidently cuts a vein or dike with anomalous amounts of lead,
cobalt, molybdenum, and silver,

West Fork of Libby River

The Wesat Fork of the Libby River heads in the southwest part of the area shown on
figure 2 and joilns the main drainage south of the map area. Two samples in the upper
reaches of the creek are anomalous in molybdenum, chromium, and nickel. The source
of the anomaly and its importance are not known, It is probably related to a local
occurrence of mafic rocks.
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A tributary from the north enters West Fork slightly southeast of the sample locations
noted above. The stream flows from a gneissic granite ridge that is surrounded by a
prominent calc-silicate halo. Two samples from this stream are anomalous in silver.
The silver is probably related to the alteration halo and is of doubtful importance.

Farther southeast a copper, lead, zinc anomaly and a silver anomaly are in two samples
from another tributary. These are igsolated anomalies; the surrounding area is covered
by tundra, and the source of the anomalous samples and their importance are not known.

D Creek

Most of the samples from D Creek are anomalous in lead. There was probably weak lead

mineralization introduced along the D Creek fault and these anomalous samples mark its
trace, ©No mineralization was observed in the drainage. The anomalies may indicate a

concealed mineralized structure, but their importance is questiomable.

At the head of D Creek is a beryllium anomaly. It is probably related to a calec-
silicate zone or a local pegmatite body.

C Creek

Lead anomalies are common in samples from C Creek, and the setting is similar to that
on D Creek. The dralnage 1s near a fault zone, it cuts a recrystallized limestone
bed, and heads in a calc-silicate altered zone. As at D Creek, the meaning of the
anomalous samples is uncertain.

In the lower part of C Creek titanium is anomalous in several samples. These samples
were collected near an altered dike, The dike may be the source of the titanium.

B Creek

The upper part of B Creek follows a contact between Nome Group schist and a small plug
of monzonite. A narrow calc-silicate alteration zone borders the intrusive. Anomalous
titanium is common in samples from B Creek along with minor lead, cobalt, or silver.
The titanium is probably derived from the calc-silicate zone. Rock samples show that
the calc-silicate zones are enriched in titanium.

M Creek

The head of M Creek intersects a pegmatite body that 1s locsalized in fine-~grained
gnelss, Samples in the upper part of the creek are anomalous in cobalc, silver, and
lead, and they show threshold values in copper and zine. Prospecting the pegmatite
and adjacent gneiss could be worthwhile, although no mineralization was observed when
the area was examined.
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Farcher downstream on M Creek, below an altered dike that cuts gneiss, stream sediment
samples contain anomalous concentrations of cobalt and lead. These samples are more
likely related to the pegmatite dike farther upstream than to the altered dike.

The next stream to the east is a short tributary of L Creek that cuts the pegmatite
gneiss contact., Samples from this stream are also anomalous in cobalt and lead. There
are anomalous concentrations of silver and titanjum in samples from near the mouth

of this stream. They are probably related to an alreration halo associlated with a
small intrusive in the vicinity.

L Creek

In its upper reaches, L Creek branches into two short forks (fig 2). The west fork
intersects a small exposure of the Slate of the York Region that is thought to be
thrust into its present position. Below the slate, stream sediment samples are
anomalous in copper, lead, zinc, and silver. A rock sample from the slate shows that
it is slightly enriched in lead, zinc, molybdenum, nickel, aund barite. This anomaly
probably represents a local increase in background and is more related to lithology
than to mineralizacion.

East Fork of Belt Creek-East Fork Libby River

The upper forks of Belt Creek near the northeast corner of the project area and the
upper part of the Libby River are separated by a ridge on the west alope of Mount
Bendeleben. Another ridge on the west slope of Mount Bendeleben separates the upper
forks of the Libby River (fig 2).

Samples from the upper part of Belt Creek are anomalous in copper, lead, zinc, and
cobalt. Samples from almost the entire length of the East Fork of the Libby River

are anomalous 1n one element ot another. Cobalt, copper, zinc, lead, and molybdenum
are common anomalous elements in the drainage. The next stream to the east is a trib-—
utary to the Niukluk River. In its upper part the stream turns north and intersects
the goutheast side of the ridge that is drained by the upper forks of the Libby River.
Samples from this upper part of the Niukluk Fork are anomalous in copper, lead, zinc,
and molybdenum (fig 2).

Mapping did not extend into the area in gquestion, but based on the distribution of
anomalous samples, mineralization follows the ridge that separates the TFork of the
Niukluk River and the Libby River, and crosses the ridge that separates Belt Creek and
the Libby River (fig 2). This zone may also extend southwest to the mouth of A Creek.
The probable trend of the mineralization is shown on figure 2.

Fork of Niukluk River

On the lower reaches of a fork of the Niukluk River on the east edge of the project
area (fig 2), stream sediment samples are anomalous in molybdenum, cobalt, zinc, and
silver. This part of the area was not mapped, therefore the anomaly cannot be eval-
uvated. The distriburion of the samples suggests that a 2one of mineralization trends
northwest across the ridge that forms the divide between the Niukluk Fork and the
Libby River (fig 2).
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Q Creek

At the head of Q Creek, stream sediment samples are anomalous in silver and cobalt.
Samples farther downstream show threshold values in lead. These anomalies are probably
assocliated with a small diorite mass at the head of the creek.

P Creek

Samples from the head of P Creek are anomalous in lead and one sample 1s enriched in
tin. 7The souxce of the anomaly is unknown. The creek heads in fine-grained gneiss,
but flows mostly through tundra with no rock exposures. It is possible that an ex-
tension of the D Creek fault is near P Creek and that rhe lead anomalies are assoclated
with the fault.
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SUMMARY

CONCLUSIONS

As a result of this study the following concluslons are reached:

1.

2.

The area 1s a Precambrian terrain intruded by igneous rocks of Mesozolc age.

Following the nomenclature set forth by Sainsbury and others (1969) the
metamorphic rocks in the area are rentatively assigned to the Kigluaik Group,
the Nome Group, Slates of the York Region and pre-Ordovician limestone.
Gnelsses, schists, slates, and limestones are the main rock types encountered.

There are probably two ages of intrusive granitic rocks in the area. The
younger ones are fine-grained monzonite to granites. There is commonly an
irregular halo of calc~silicate rocks at margins of these fine-grained intru~
sive rocks. The older intrusive rocks are porphyritic and have a gneissic
texture.

There are dikes of various compositions and diverse attitudes throughout the
project area.

Gross structural features Include gentle anticlinal folding or doming on the
west and a fault of regional proportions that bisects the area. There are
other faults of local extent within the map area.

No sulfide minerals were observed. Analyses of rock samples did not reveal
the presence of significant mineralization.

Because of extensive tundra cover and sparse outcrops, geochemistry is a
more effective prospecting technique than visual inspection.

Colorimetric analyses for cold extractable heavy metals are not sufficiently
sensitive to detect anomalous zones in stream sediment samples in the map
area,

Anomalous zones that may be significant were detected on the ridge north of

F Creek, on the ridge that forms the Belt Creek-Libby River divide, on a
divide north of a fork of the Niukluk River, and on Lucky Dog Creek.

SUGGESTIONS TO PROSPECTORS

The following suggestions are put forth in regard to prospecting in the region:

1.

2.

Geochemical stream sediment sampling is a useful technique, but laboratory
analyses are needed for the detection of subtle anomalies.

Follow~up work should be done on the significant anomalies described in this
report. Soil samples and rock samples would be useful, and if results are
favorable, trenching to bedrock should be undertaken.
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(V]
20¢
tee
2(C
1YY
1¢C
e
Icc
2Lc
iCC
72CC
20C
20¢
2CC
1CC
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2(C
e
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2t
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20¢
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L14
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1¢¢
5¢
2cc
2CC
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Tungsten

NC

NE

Nl

ML

KL

NI

NC
N

L1
KC
NC
AU

L{s

AL

AC
INg
nNE
~C
N

NE
NC
KC
NC
AL
NC
NI

NC
NE
AC
NG
AC
L1$

NE
Np
hE
NC
HL
AC
NE€
N
AC
NC
KC
LT
N
NC
NA
hL
N
AL
N
NC
M
A
AT
~C
nNC
1N
AL
LYH
NC
NE
(X3
NC
NC
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- Sediment Size
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Badrock (&)

~
=

T2
(4934
(3219
2
eNyC

CcR
&R
[
€A

GR

PG
ce
GN

LS

I
6R

Sed{ments {o Stream Bed fo Percent (4)
cvz e CIrANTTL 5C LiE¥ISICAE 2C
CRAECE 20 GUARNITE AC (NST IS (¥2 Y SCrIST C
[V A3 CAYT 2% LIMESYCAE 26 CPAMIYE 12

WIYEC CT2 CRAMLIC-GAEISS 25 LIMESTONE 1% €ENST IC

€17z AN CRANITE €0 LINESICAE 30 CNSY LC
FIXEL €12 ARl GRANITE 5% CLIMESTLANE 35 (NSY 1C
PAIXEC 17 AMD JGANRCUS CCNPINAIIONE

MINEL ClL2AN CRBNI1E  CAST

(S P CASY A0 CpAXITE 26 fLe C

cve 1< GradlTe 1% Gr<C &Ff

€1z 2% GRANITE TC FE€ CSTAIAEL CASL 42
[ WA 11 AN TE 40 FE STHIMFL GAYD 25
Cry ic CRANTIR 25 €8T &C

GRANTIE  ¢7 QU7 25 CI1kE¥ 15

CRANINF  ANC (T2 PaCICe  sCME CANT

GRANIIE  ANC C¥2 BASICS TC  CAST 1% CAPISS 1S
€It 2¢ CRANITE &5 CAST 1C

Cye ac CRPANIYIC 15 <CPF RECCUNT/AEGLE CASY

GAET &0 (V7 2C GRINITE AC
C1r 2¢ GHANYIE 4% CAST 10
€17 2¢ GRAAITL (T (SXUCIYE IC

<12 2% GPRANLTE 7%

<Yy 24 CRANITE €5 STnlsy 2¢C

[ P A 14 GAANIEE &5 PG 15 CAST ¢

<1z 3¢ GRANIVE 4C GASY £5

GAST 25 QU +5 GFRaMIF S0

€1y 3¢ CRANETE ¢35

GASY 2 C17 2C Ft STHYINEL RCLK 7( CRAALTE 2K
ez 2¢ CRANFIE &( CALCITE 22

crr 3¢ CPANITE &«C CILCLSF 3C

FFE OSTAIR SCHIST 2C C12 2C GRANLTE 4C CAICETE (C
CIE 5 FI-STAIAEL S(CHISY TC CGRAMITE-Z5

C1) z% GHANITE SC FE SVRINED >CrIST 2%

CYZ 2C GRAMIVR SC SCH+JST 2C WERY 211TLE S€rS
SAPPLE LESY

crr 2c COANITE FEC SC SCHJST 18 L n<E b C#0Q ¢
CT2 t% GRAMIT! AMD LAEISY 74 SN5) 6 BVG IC

CRAMTIE ANl GRETSS PC (V2 1C PLC L
GRANJTE  ANC CAETES 85 PEC G CTr '
Q12 1t GRANIIE €U GMPEISS 20 CVHFR LC

LGNECLS 4C SCHIST 35 (T2 1C GYASCY ST )5
CTI 1¢ PEC 2C IORECLS- AC SCrIST 3C

S17 10 GRANIVE €5 LECE 5 VEAY SARLY SUIL
GRANTTIC FeC 4C Q12 1C VERY MANCY SCIL
€312 1€ PEC 1C IGANRCLS 45 SCHEST L

QY2 2 GREEACSTCOAL  3C ICNECLS o<

SCH181 ECSGMECLE 25 PEG 1 C

C¥2 5 PEGYS ICAECLS «C SCHISY 35

CYZ L1C IGNFCLE AC SCRIST 4C

CIY It PEG 2% IGMECLS AC &CHIST 25

QTL 5 PeGLS GREEMN STCRE EC SCHISY 3C 1GAECUS 4cC

Q12 15 PEG L5 TGAECLS &C SCHIST 20 CREENSTOAR IC

€¥2 S PEC 25 IGAECLS 3C SCHISY 4C
L12 5 PCRTLY FINE LECH

FINE SECS ALY

€17 K PEG2> FCAECLS 55 SCHFIST 1o
€12 1C SCHESY IC PEC LS [GNECLS &L
€12 € PEG 15 SCHISY 5C JGAECLS 3¢
Q1T 5 PRG 2C SCHIST 3L 1GAFCLS 4C
€12 5 SCHILY G PEG 20 JLNECLS L
037 1€ IGNFCLE 3C P+G 2C SCPIST 3C GPEEN STCNE
Q12 LC 16MELLS A5 PEG 3¢ SCPIST IC
€17 5 SCHIST 2C PEG 1C JBANELLS &S
CTZ 4* IGNFCLS SC SCHISY 20 PCG 1 C
CYZ b {6NFCLS 48 PEGC 43 SCHIST 2C
QIE 2¢ SCHIST 30 FEG 15 [GAECUS 3:

1c

113
142
113
114
118
118
117
11e
119
12¢
2k
122
123
124
125
12¢
127



128
12¢
13¢
131
132
133
134
135
136
137
138
139
14C
141
142
143
144
148
148
1%7
148
149
15¢C
151
152
153
154
155
156
157
158
159
16C
161
162
163
164
16%
166
167
168
169
17¢C
171
1712
1712
174
175
17¢
117
17e
179
180
181
182
183
104
18%
186
187
188
1849
19C
191
192
193

Somple No.

5J26
4425
G024
5J23
9372
5471
9473
9J74
9479
9476
9477
9J18
9J79
9480
PNES
9Jm2
9483
5J51
8452
9453
5J54
9455
9456
9487
5458
9459
9460
9451
9352
9482
SJ64
9045
9245
9J68
9J87
9J66
941¢1
9J41¢¢
9495
9498
9497
9496
9495
SJ94
$J93
9392
9491
939C
9306
sJes
5J87
gJIke
9JE5
9Je4
42C0
4169
gJ16¢
94187
94196
84165
53194
941612
5J192
SJ4191
9J19¢C
941¢€2

Gold (3)

NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
AA
NA
NA
NA
NA
LY.}
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
hA
NA
NA
NA
NA
NA
KA
Na&
NA
NA
AA
NA
NA
KA
NA
Na
NA
NA
NA
NA
NA
NA
KA
A
NA
NA
NA
NA

-
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Appendix II, continued

—
6 9o oo Copper

i

2¢
2¢
2C
1C
2C
2¢
2¢C
hA
HY
2¢
1C
2¢C
5C
2C
1C
2C
2C
1C
2¢
2C
1C
1C
AL
2¢C
1C
2C
2C
ic
5¢C
2C
2¢
2¢
1C
2C
AN
2C
1C
2C
1C
2¢C
1¢
2¢
2¢
5C
2C
5C
1C
N2
LY

2C

2C
2¢
2C
2C
2C
N
2C
1C
1C
AL
1C
1C
2C
2C

g

-

1¢C
AC
1co
2¢C
NC
AL
1ce
AA
1cc
1ce
1co
1cc
1C0
1ce
T
1ce
NA
1ce
1cc
cC
1co
AC
LY )
1CC
1¢e
Lcc
1C0
NA
2¢C
1¢C
2CC
1c¢
1cC
AC
icc
1Cc
1CC
1CC
1ce
1C0
AT
2CC
1¢o
1¢C
1co
2C¢
1cC
Y]
¥
1CC
1CC
LY}
A
1ce
N
N
1¢C
A
1ce
1ce
AC
1ccC
AC
1¢C
1¢cr
hC

2C
20
2¢

1¢
1C

1c
C
2¢
1C
2¢C
2¢C
2C
2¢

2¢
1c
LY
LY

1C
2C
ic

2¢
2¢
2¢

1C
1C
iC
38
2¢
2C
2C

1¢C
1¢C
1cC
1CC

5C
1CC
1¢C
1¢C
1cc
1CC
1¢C
1Cc

1cc
1cc
1CC
1cC
1ce
1CC
1cC

sC
1cC
1CC
1CC
ice
1cc
1CC

Manganese

2C¢C0
2CC0
2060
2¢CC
2CCo
1CCC
1¢CC
NA
2CCC
1cce
2CC¢C
ECC
2¢CC
1cee
icce
1CCO
1cee
2¢C0
1¢CC
1CC0
sCC
5C0
1cCC
1ccc
£CC
1ccce
iccce
2coc
scec
1ceg
ece
1ccc
1¢cc
5CC
5CC
sCC
€CC
€ce
1CCC
1CCC
£CC
1cca
1CCC
10CC
1ccce
1CCe
scC
NA
NA
5CG
1¢CC
1CCC
1¢cC
1cee
1€CC
5CC
1¢C0
1CCC
icee
1cce
£ce
sCC
1CCC
1cCC
1C¢C
2ccce

Titanium

5CCC
S€CC
{ce
5CCG
50CC
SCCC
SCCC

zCcC
5¢CC
5CCC
2C0¢C
5CCC
5CCC
5CCC
scccC
€ccc
50CC
SCCC
2CCC
5CCC
CCC
sCcCC
5CCC
<CCC
5CCC
5CoC
2¢0C
2¢CC
sCocC
=0CC
5C0C
S5CCC
zCCcC
SCCC
SCCC
“CCC
*1.C
5CCC
2C0CC
50CC
*1.C
*l.C
*1.0C
5CCC
*1.0
5CG6C

NA

NA
5CCC
*1.C
*l.0
56CC
*1.C
2¢ecC
2CCC
5C0¢
<CCC
2CCC
5¢cCC
5CCC
2CCC
5CCC
5C0C
5CCC
*1.C
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&CC
5¢(C
gCC
5CC
£CC
1ccC
5C(
5CC
5CcC
ZCC
Lcce
SCC
1Cc¢
1CCC

Strontium

2¢c
2¢c
2¢c
2¢c
2¢c
2¢¢
2¢c

AR
2¢c
2¢c
2¢¢
2¢¢
2¢¢
2¢c
2¢¢
2¢c¢

cc
2¢c
2¢c
2¢C
2¢c
2¢¢
2ccC
sCC
2¢¢
2ccC
sCC
2¢cC
1ce
2¢ccC
2¢c
sCC
1cc
2¢c
2¢c
2¢c
2¢¢
2¢cc
2¢c
5¢C
2¢c
2cc
2¢C
2¢C
2¢¢e
2¢C
2¢c

N

NA
2c¢
2¢¢
2¢c
2¢c
2¢cC
1cc
1cc
2¢e
2¢c
2¢¢
2¢C
2¢C
1cC
2cc
2¢cc
2¢c
2cC

1ce
1CC
5¢C
1C¢
Sc
el
1CC
sC
s
1CC
5
2C
sC
2C
sC
2CC

>

7>
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NE
NG
ND
NC
N
L1™
NC
NA
NC
NC
NC
NC
NC

NT
ND
NG
NC
NC
NE
NC
L3
NE
NC
NC
NC
NC
NC
N
NC
NC
1%
NC
NC
L3
NG
NE
NE
NE
NC
NC
NE
NC
NC
NC
NC
NC
NA
NA
RC
NC
NC
NC
RC
NC
NC
NE
NEC
NC
NC
NC
ND
NC
NC
10
NC



Ler

AN
Lo
?27¢

10¢

1C

V1e¢

(Y

1Ll

1¢C
L3
~C
l-_{:
e
1C¢
5¢
~(

Y
1y
s¢
<
e

Alasuch

>
(YT W IV NE

LAt dnd > LA i A g 4
I ialalalal’ Talalalt o N tre I SN

T

>

pae
M
LY
Al
My
~
a(

AL
13
A
AC
A
AC
A
Ly
M
1y
LYo
NC
M
X3
[ 1y
(39
Ar
(N4
N4
A
AL
(s
AL
[Ny
AC
AL
134
(38
(8
A
AC
AL
AL
134
At
(3§
Al
AL
A
LYY
AL
[
M
&
M
LY ¢
14
As
N
A
N
L8
X4
L1
(3¢
[ 4
AL
M
At
81
A
XS
A
(X4
AL
[ 48

AN
NC
AC
134
M
nE
A
Y]
NC
NC
NC
N
hC
NC
AT
NE
1Y ]
NC
NC
MC
NE
AL
NC
e
NE
M
N
L8
NE.
NC
A
Y8
N

XL
NC
1N
N
AL
Y4
[ %
NS
AL
~C
N
Al
AL
N2
LYY
NN
S}
AL

33
NS
AL
e
N4
Ny
NC
N
AL
AT
A
A
AC

W Fleld Tewe

~

Mt et N vt RO D pm bt it D DO D e o= O OB e N O FurORNRN =R w0 W v N v = R B ATAS e e NS DR O =t ) Pt bt b

.

e e ) v b ot b o DAY N A AT B R R RO e e
NP IO s rrGEOcOEO N~ o> o Stresm Widch

~

—
N w PR DN

LT I R R Iy N I Y B A =)

) AN AN A
~ e

Y
[alel

WA DAY
»ua

~N
o

PN AP AL M DO TETDAT T PMDPDOMMLLRCVEO POODO DM T DO ETMMATIO T MT M@ OO OmPEOEMm o5 Location

T T T X T X TR T T X IX Y XY A EXTEYNSIX XA
ALl A S S e pArcNn DR ADbaD O D o0 namn 0Tssaic Cootemt

<ML

xx
oo

T YN T XYY X
AP POmEOOo Y

Tww
LRkl

b g
=Xz 2al

X X
Lol

XY XX
meOaMae

TT X T
[alelnlal

L.
™

IT¥EAXY
s Nl lal

T Y e T XX T AVNAANXXXTXAANDNPANCRET o v v Sedimamt §ize

T AT T TN Yy AT T I EY P T VPV ET XN T T TXYT XX TTXE

Bedrock (4)

PLG
PEG

PrC

Sod {manta in Stresam Bad {6 Parcanr (4)

C1Z )5 ESCRESY 2C PEG 15 [EMECUS S5C
C1Z I PEG 1€ €CHMIEY 35 JGAECLS 4C GREEMSTCNE IC

€12 3 SCHIST SC IGKECLS 33 GREEM ITCKE 10
muuuol—n“_.
SCH1ISY BCIGNELLS 5C

SCHEST 35Q12 5 IGMECLE S50

CY¥2 10 SCHTSY 45 CREERSICAE 2%
€12 1 ( IGAFLLS €L SCHISE 20
C¥Z 1C SCHIST 5C IGNECLS 4T

€12 ¢ LGRECYS ST SCHLIST 38 GREEASTCAE 5
PEG L1C €12 5 SCHEST AL IGNECLS 3¢
Pre 1L SCHESY AL IGRECUS 4C (T2 1C

SCHIST ACIGNECLS 2C GREEN STCAE 2C

PEG 1& CUZ V5 CREECASTCAE 20 JCAECLS 20 SCHISTIC
SCH1ST 2C 16KECLY 5C (T2 1% GREEA STCAE 1C

C1L 1L SCHIRT L5 SGAELLS 65 PEG 5

PEG 25 SCHIST 3C )GAECLS 25 C¥Z 5

€Y7 15 IGAETLS AC PEG 1C SChIST 3¢

CV2 2C FEC 20 SCHIST 2C IGAFCUS 2(C

Q12 22 PEG 25 SCHISY 20 ¢CMNECUS 3C

Q17 2C #1G 2C $Ch1ET 2C GREEN STIME 1C JGAECUS 2C
CVZ 2¢ FTG 15 (GALLLS 25 SCHIST 2( GREENSTCAF )E
€11 2¢ PEC 35 IGAECLS 2C SCEIST LC CREEN SYCME I1C
Q12 2¢ PEG 25 IGNECUS 3C SCHIST 2¢ GRAEEN STCAE >
ICAECLS AC SCHISTY 4C CT2 10 GREEN STICAE I C

SCHLIST 20C11 = LCNECLE &C GHEENOYLNES

SCRISY ZSIGRELLS 5C GREEASTINE 15

SCHTST ICICMECLY S5C GRANIYF 10 GREENSECAE 1C
TENECUS 5C ¢CFIST 5C

SCHESY 2STCAECLS 35 GRANITYE 20 CREEASTCNE 1S
SCr1ST 2C IGAECLS 4C CRANITE 25 ¢12 5

SUR18Y Z51CARCLS 25 GAEEM STCAE 4L (T2 ¢

SCFLST REIGNECLS 2C GRANIVF 25 GRIYASTONL 2L
LCrES1 249 IGNECLE BC CGREEN STCAE 1G C1Z &5

SCHISY ICICAFLLS €¢C €12 IC

SCPIST 2C CREEN SYULAE 3T IGNECLS 20 CY7 <

€1y 2C IGAECL® 4C SCHIST 30 CREEN STCAE IC

C12 3C PEG t5 GRANITE 3C 1G6AECLS  3C

T2 (¢ PEG 15 I6MhECLS 35 SCRIST 29 GREEASTONE 1D
C12 zC SCelST 35 $GRECLS 3C CGREEN SYOALD 1C

Q11 2% SCrIST 6C PEG S DCANECUS 2%

CT2 25 PEG 25 HGKELLCS 2C SCHIST 3B

€12 20 PFG >

C¥7 2¢C PEL 2C

G121 7C LENECLS 2% FEG 20 <CrISY <

V7 23 ICALCLS 3% SCRIST 35

PEG 28 CY2 )C SCKIYY 25 LONFCUS 3
CTZ 20 PEC 15 IGRECLS 3% SCHISTY 2
CT! 2¢ GPANITF 20 FFG 1C SCHINT
SCt (ST 20 N1CMECLES 6C (72 1G PEG 2
€17 1€ FEG 1% SCH1SY 2C IOMECLS 4¢C

SCRISY Z51CAFCLYS 2C C1Y 1% FEG ¥y CREEX STCSE
SCHIST BOMSNECLS 48 FLG 2%

SCHISY ASIGNECLL 4C PEG € CTI o

SCHISY 2C IGAELLS 78

SCHICY 2C IGRELLS ¢5 CV2 1S

SLHPSY ZSIGALOLS 25 €11 3¢ PEG M\

SCHISE 20 IGMECLY 4C €12 10 PLC I

SCHESY 2C (GAFCLS 45 ¢T2 25 PFC ¢

SEF1ST 1S(CNECLSE «C €12 25 Pl 2C

SCRF1ST 19 BGAECLS 4C €12 2C PeC 1%

SCrI%12C (GNFLLS SC €V 1% FRG 1%

SCrest 2C SGAECLS 60 LV2 §C PEE 1T

SCHEST 15 JGNECLS &C CT2 1% PFC 1C

YENECLS 50 SCRIST 2% Q12 2%

[CAECLE 25 SCHISY 35 PEC 10 (V2 22

TR RYS

142
143
144
145
1464
147
14¢
144
15¢
15)
152
157
154
155
156
151
156
144
16¢
16)
162
162
164
l1a4
16t
167
168
1£9
17¢
in
12
112
124
175
17¢
(1
1ve
119
8¢
18y
162
181
184
185
166
1e7
18&
189
190
191
152
193



Appendix 11, ceatimmed
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4§ 2 1 =& a
5
2
2
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i 1 3

134 $J1C3 NA ¢

Csletam (X)
inm

S
iz i

2 1 1C 1C 1C0 NC NC 20 100 2C 2€C0 %00C 2 scC  2cCC 5C 2 NO NC
19% 9J1C4 NA 1¢ i 55 ic 2¢C 1€0 NC NC 2C 1CC 2C 1CCO SCOC 2 5CC 2CC 1CC 1 NC NE
196 9J1 NA 1C 1 3%  1¢C 5¢C AL 2 LY 2C 10¢C 2C 2CCO 5¢CC 1 2 1¢cCC 1¢C 1¢cC [14] NE NC
197 932 NA 1= s 5C NA LY NA NA MNA NS 1.7} NA NA NA NA NA NA NA (Y} NA NA NA NA&
19¢ $J2 NA 1C ¢ 4C KA NA A NA hA (Y] NA NS NA NA NA NA NA NA A LY ] N& NA NA

199 SJ4 NA 1¢ 15 SC NA NA NA NA MA LT L] Na NA NA KA NA NA N& LY} LT NA N NA
2¢C 948 NA NA LY} hA 5 1¢ 1C¢C N L1 2C 5C 2¢ 16C0 2C0C 2 1 1 s50C 2¢C 2¢¢C 2 NC NC
201 SJ6 NA 2C 2C 55 NA LY LY} LY ] LY LY ] LY ] LY} KA NA NA NA hA NA NA LY hA NA NA
202 SJ7 NA 2C 2¢ ™ N2 NA NA NA hA he N LT} NA NA NA NA NA LT} MA LY LY ] NA NA

203 SJ8 NA 1C 1% 45 5 1C M L35 A 1c 5C 2C 1CCC 2c0ocC 2 1 1 sCC 2c¢ 5C 1 ND NC
204 9J9 NA 15 «C 15 2¢ 2¢ 2C0 s MC 2¢  1CC 2C 2(CC *1.C 2 < 1 sCC 1CC 1ICC N 10 NC
205 9J1C NA 2¢ bal SC 2C 5¢ 1€0 N L1 2¢ 1C¢ 2C 2CCC 500C $ € 2 SCC 1L 1CC 2 ND NC
2Ce 5471 NA 2¢ £C £5 NA NA LY ] NA h2 NE NA Na NA NA NA NA NA NA NA 1Y) NA N&A NA
2C7  SJi1Cs A 1¢ 1t £C 5 2C L3 2 LY 20 2cc 2C 5CC 2000 5 1 2 sCC 1cc sC A N M
2C8  9J1Cé NA 1c is 5C 1C 20 tccC Wi 1 20 1cC 2C 1CCC #*1.C 5 1 2 sCC 2c¢c 5¢ 2 NC NC
209 941C1 NA < 1C 2¢ S 1C 1cc N N 1¢ 10C 2 SCC 500C 2 Ca% 2 S5CC 2€C 1€C 2 NU NC
21C  SJ1CB NA 15 15 5 2C 2C 1CC L1Y L1¥ 2C  1cCC 2C 1CCC *1.C 2 1 2 SCC 2C¢cC 5S¢ 2 NC NC
211 9Jics NA 1C 15 45 1C ¢ 2ccC 5 N 2C  1CC 2C 2CTC *1.C 5 1 2 5CC 2¢C 1CC 2 NE NC
212 SJiiC NA 2C 4C 55 2C 5C 1¢C N L% 2¢  1IcC 5C 1CCC *l.C b é 2 5¢C 2CC 2cCcC 1 NC L1
213 sJ4111 NA 1< 15 4C ic 1 1<C L1n AN 1¢ 1cC 2C 1CCC #*1.¢C 2 1 2 5CC 2¢C 2cc¢ 2 NC NC
214 SJi12 NA 1c 15 ac 5 ¢ 1CC nE LIN 2¢  1CC 1¢ 1CCC *1.C 2 4 2 s€C 2CC 2c¢ N NC NC
215 94113 NA ¢ 5 1% 2¢ NC 2CC 5 (3 2C  2Cc 5C 1CCC 5C0C 2 1 2 5CC 1CC 2C 3 L1+ NE
216 SJll4 NA 1% ris eC 1c 2¢ 1CC 5 A 5C 2C0 2C 1CCO _5C0C 1 1 1 sCC 2CC 5C 2 NC NC
217 sJ411s KA 1% 5 £C 1C ANE O 1CC L3 N 1C  1CC 2¢  5CC S0¢C 1 1 1 sCC  1icC 2C N L1 NC
218 SJl16 NA 2c C 15 2C 1C 1cC 5 NC 2¢ 1cc éC 1CC0 sCoC 2 2 2 SCC 1CCc 1cC L3 NE NC
219 94117 LY} ra 1£  1cC 2¢ 2C 1CC 2 AC 2¢  2cc 2¢  5CC zccc 2 2 2 SCC 1cC =C 1 N NG
22C 9J11¢8 NA 15 C €C 1C NC A A 1% 2C 1cc 2¢ ©CC zccc 2 1 1 2cC 1ccC EC 1 NC NC
221 SJ118 NA 18 15 €5 2¢ 5C 1CC 5 AL 2C 2cc ZC 2CCC #*1.C 2 ? 2 sCC 2(C 5C 2 NC N
222 94l2cC MA 1< 5 15 2C 1C L3 2 M 2C 1CC 2C 5CO scocC b z 1 1ceC 1cc 2C 1 KC NC
223 94387 NA ac £C  12C 1€ N 2CC 5 A 5C < 2C 2CCC sCCC 1 (.2 C.2 SCC 1CC 1C 1 NT NE
224 SJ28¢ hA 2¢ 15 S5 1¢ 1¢  1CC S N 2C¢ 1ecC 2C 20CQ. 5CCC 1 (.5 Cu% €0 1CC 2¢ 2 NC N
22% SJ3es NA 2¢ 15 €5 2¢ ¢ 1Co 1¢ 1 2C 2CC 2C 5CCC *1.C s 1 1 sCC 2c¢ 5¢C N MC NC
226 9J384 NA 2¢ 15 &C 2C 2¢ 1ce 5 AL S0 2C¢C 2C 2CC0 5GCC 5 1 1 5CC a(CcC F1¢ 1 NC NC
221 SJ3e3 NA 1C 1c 55 1cC 1C  1CcC NC NC 2¢ 1CC 2C 2€C0 s5CGC 2 1 2 5CC  2¢c E1e 1 NG NT
228 SJ382 NA | 4 1€ £S5 1C 2C 1C0 AT AL 2C 1¢cC 2C 2€CC s5CcCC 5 2 1 5CC 2CcC 2C 2 ND NC
22 94381 NA 1C 1C 4C 1C AL 1CC A AC 2¢ 1Co 2C 1CCC 5¢CCC < 1 2 5CC 2(Cc 2¢ 2 NC NEC
23C sJd3ec NA 1< 1C 3C 5 2¢ 1cc N AT 2C 1¢e 2C 2CCC S5GCC s F 2 SCC 2cC sC 2 N N
231 94293 NA 1c 15 ¢C 1c NC o RCC NC L1 2¢ 5C 2C SCO 2cec 2 C.% 1 SCC 1cC 1C 1 NC NC
232 54292 NA 1C 1C sC 5 A 2C0 AN LY% 1C r{ 1 5CC zZccc 2 (.t 1 5CC 1CC z2C ? NC NC
233 53291 NA < 1C 3¢ 5 .34 AC AC AL 1¢ 1Cc zC 2€C 2CCC C.5 (.3 2 2¢C 2c¢cC 1C 1 ND NC
234 9J29¢ NA 1C i EL ic 2C 1CC 5 LI FAVEES § 1V ¢C 1CCOC SCOC 2 1 2 5CC  2ccC k1e ? NC ND
23% 94789 NA 1C 15 1% 1C 2C 1CC 2¢ nC 2C 1¢C¢C 5C 1CCC 2€¢cCC 1 (.5 1 5¢CC 2c¢C 1C 2 NC NC
23¢ SJ288 KA € s 4C 1C 1¢  1co S AL ¢ 2cCc 2C 2CCO scCocC 5 (.t 2 5CC 2cc¢C 2C 1 NC NC
237 <sJaer NA 1C 15 35 1C 2¢ 1CC 2C L3 2C  5CC  2¢C 1CCC S5CQC 5 1 1 5CC 2¢C 2¢ 1 NC NE
238 9J2ee ANA 1c 15 4C 5 LI R nNC LY 1C 1cc IC  5CC 2CGC 2 C.% 1 2cC 1cC 2¢ 2 NC N
239 94294 NA 1C 1C as S N 1CC nC L3 1¢ 1cC 2C 1CCC scec 2 1 2 2¢C 2Cc 5C 1 NC NC
24C  9J42¢S5 NA 1C 1C 4C 5 N 2CC LY LY A 2C 1¢  2€C zcCcCe 1 (.2 1 2¢C 1cC k18 Z NC NC
241 34296 NA 1C 15 5 1C 1C AE 2 2 1¢ 1CC 2C  5CC 2CCC 2 1 Z 5cC 2cC 5C 2 NC NC
242 942613 NA 2 1C 4C iC 2¢C 3% A LY] 2¢ 2cCc €C 1CCC zCac £ 1 2 =¢C 2CC “C KC NC NG
243 9J29g8 NA 5 1C 25 S 2C 1CC N N 1C 1cc 1¢  &5CC scce 2 1 2 scC 2ccC 2¢ ? NC N
244 93:/S9 NA 1c 15 45 1C 2 1cC 2 1 2¢ 1cc 2C 1€CC sCcC ) 1 2 1cCC 2cCcC 2C 2 NC NE
245 GJ289 NA & 15 25 1C ¢ 1CC 5 AC 2C 2c¢C 2C 1CCC sCCC 2 1 2 5CC 2¢c 2C 2 NC NU
246 S)284 NA s 1C e 5 LY. R N A 1C S5C 1C  2C€0 2¢0<C 1 .t 1 2¢cC 2C¢C 1C 2 NC NE
247 SJ283 NA 1C 15 4C 5 NC o 1CC AC LY% 1¢  1C0 20 ZC0 200C 2 (.5 1 »2¢C 1ce 1¢ 1 NE NE
2A8  9J282 LT 1C 1C 25 5 1c N AC AC L3 £C 20 sCr 2ccC 2 (.5 1 5CC 2CC 2 2 NC NC
245 3428 MA 1C 1C iC 1C 2C N 2 NA 2¢  2Cc 2C 1LCC sCcCC S 1 2 SCC 2¢CC 10¢C 1 NC AL
25C sJz2¢et NA 1C 1C 4C 1C i AC 2 LY 2C  1CC 2C 1¢CC zccc 2 1 2 5CC 2CcC 2C L NE NT
251 SJ271¢ NA 1¢ ] 45 1c 2C L3 AC AC 1C  1ce 2C 1CCC 5CCY z 1 2 scC  acC 5( 1 NC NE
252 9Jd<{TC NA 1 tC 7C 1C 1C 1ce AC LY 1¢ 1cc 2¢C  sCC sccC 2 .5 I scC 1cCC 2C ? NC L
253 sJy2m NA S 1c 5¢ 1C 1¢  1cc A AT 2¢ 1CcC 2C  5CC seccc 2 1 2 scC 1CC 2C ? NT AC
254 SJ272 NA 1C 1c kL 1C 1C 1C¢C k] N 2¢ 1CC ¢ 8£0 =CCC 2 1 1 5CC 2CC 2C 2 NC NC
25 942712 A £ 1¢ 5 5 2C ICP AL AL \E 5C 1€ £CC 5CCC 2 (.f 1 5CC 2C¢C g1 ? NC NE
25%€¢  9J274 NA s 1C 25 5 ¢ A s A L sC 1€ SCO 1CCC 2 (.t 1 5¢C 1¢(C 1C¢C z NC L3N
251 sJ21s ~NA 1C 1C 35 S ¢ 1CC - L3 1C £C 1C  £CC »CCC 2 i 1 5CC 1{C z2C ? NC NC
258 SJ27%¢ NA 1 1- 4C 1C AN 1CG AN Ly 2¢ s £C 2CCn sCCC z 1 1 5CC 1CC SC 2 NEC NC
2%9  SJ4271 NA 2¢ 1C 2C 1c 1C 1Co A N 5C icce SC 1CCO scccC 5 & % 5cC 1(CC 2¢ A NC NC
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Appendix 11, continued
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€12 3¢ GRANITIC SC CTHER SECS AMC SCHIST 2¢

Qi1z 2¢ GRANITIC 5C SCHISY ANC SECS 25

Qrz 1¢ SCHICST 35 GRANITE S0 CTHER S

Ciz 3¢ CRAMITE 45 SFCS ANC SCHIST 2C

1z 2(C GFARMITE 4C SCHIST ANL SECS 15 CTHER ({5
QTZ 3¢ GRANITE SC CTHER SECS AMLC SCHIST 2C

Qvz 2¢ GRANITE 4C SCHIST 25 CTHER 1C

CTZ 2% GRANITE ANC IGMECLS CCMRINZTICAS 75
CVZ 2% GRANITE S5C CTHER SFCS ANC SCHEST 2%

CTZI &¢C GRANTTE »1TH TCURPALIMNE S5

1z 2¢ GRANITYE 7C CTHER SECS ANC SCHIST 1C
1z 2¢ CRANETE SC w(LS SECS SCHIST 25

1z 3¢ GRANITE 4C SCHISY ANC SECS 2%

SCHISY 1CICNECLS 3C CY2 2C FEG 3C
SCHIST 1CIGMECUS 4C PEG 3C CYZ 2C
SCHIST 2C IGNECLS 2C (TZ 2C PEC 3(
SCHISY 1€ IGNECLS 35 (TZ 25 PEG 3C
SCHIST 1CIGNECLS 4C PEG 25 (V7 25
SCHIST 2C IGANECLS € 12 6C PEG 20

NC RCCKS FINE SECS

NC RCCKS FINE SELCS

NC RCCKS FINE SECS

NC RCCKS FINE SECS

AC RCCKS FINE SECS CALY

SCHIST 251CNECLS €5 Q12 15

SCHISTI2¢ TGANECLS 7C Q12 5

SCHIST 4C PFG 35 IGMECLS 2C (TZ 5
SCHESY CCIGNECLE 4C PEG 3C (¥7 1C
SCHIST SC PEG 2C €12 1€ ICNKECUS 2C
SCH1ST 2SREC STCANE 2C CTI 2C IGNECUS 35
SCHIST LCREC STCME 2C GR STCAE 2C CVZI 20IENEOUS3S
SCHIST ZCIGAECUS 2C PEG 4L (T2 2C
SCHIST 1SIGNECLS 25 QTZ 2C PEG 3C €R STOME 10
PEC J/ CTZ 1C SCHIST 25 IGNFCUS 2%
SCHIST 3CIGNECLS 4C PEC 2C CT¥Z 1C
SCHIST 3CICNECLS %5 (T2 1C PEC S
SCRIST 3CCTZ 2C IGMECLS &C CRAMITE 1C
SCHIST 4C ICNECLS 4C GRAMNITE FEG 20
NC ROCKS FINE SECS

SCHISY 2CEGNFOLSE 30 (12 30 PEG 1C
SCHIST 2C IGMECLS 25 (T1 35 PEC 1C
SCHEST 2CIGAECLS 4C C12 3C FEC 1IC
SCFIST 2C (V2 3C IGNECLS 4C PEC IC
SCRIST 5 QT2 2C PEC 2C IGAECLS SC

NC RCCKE FINE SECS

SCEIEY 2CEGARCLS €5 ®TZ 1C GRANITE 5
SCHISY & PEC 2¢ §F1 25400008 30
SCHISY 1CIGNECLS 65 (T2 1C FEG 15
SCHIST Z5ICGNECLS €5 PEGC 5 CTZ 5
SCHIST L1CIGNECLS SC PEG 15 (TZ 2%
SCHEST 2C IGNECLS 5C €12 2¢ PEG 1C

NC RCCKS FINF SECS CNLY

NC RCCKS FINE SECS (ALY

NC RCCKS FINF SECS LMLY

NC RCCKS FINE SECS CALY

NC RCCKS FINE SECS CALY

SCHIST 1CIGNECUS 5C GRAMNITE 40

SCHIST 2CIGNELLS 25 €127 25 FEG 2C
SCHISY 2CIGNELLS 4C C1Z 2C PEC 2C
FINF SECSONLY

SCHIST 25ICGNECLS 5C CTZ 1S

SCHIST 1CIGNECLS 3C €12 15 FEG 30 GR STONE 15
SCHISY CIGNICLS 5C Q12 2C

325
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326 941328 NA 1t 18 45 1C 2¢  2¢cC L3 A 2¢  1(C¢ 2C 1CCC sccC 2 1 2 SCC 2CC 1ccC 2 NE
321 9J13§ NA 1€ ] 5C 1C 5C 1CC 5 1 SC1CC 20 2CCC =COC b 1 1 1¢cc tcc 1ce 4 NC
328 SJ14C NA 2C Fas 5C 1c 5C  1€0 S NN 2L blt 1C 2CCC sCCC 1¢ 1 1 sSCC 1cC 1cc 1 NC
229 SJ141 NA NA LY} AA hA LY hA A LY NA NA NA NA N& NA NA NA LY hA LY LY ] NA
33C 9J142 NA 1% 15 sC 1¢ 1 1¢n 5 L3 zC 1 2C 2CCC sCCC 2 1 1 s5CC 1CC 1Co L1 NC
331 9J143 NA 5 15 5 1c 2C AC 2 AC 2C  1Ce éC 1CCC sCCC 2 1 1 1cCC 1cc 2¢ LN NC
332 3J144 NA 1€ it 55 ic 1C 1cC 138 K 2¢  1cC 2C 10CC 2CCL 1 1 2 5CC 1CC Ce 1 NC
333 9J145 NA 1t zC s 1cC [ Ny 38 nC 2C 1CC ZC 1CCe s5¢CC 5 1 1 5CC 1CC  1C¢ 1 NC
334 SJ146 NA NA hA A& LY Ly NA AA MA LY LY LY} NA Y] NA KA NA hA LY} LY} A NA
335 GJ147 NA 2¢ ris eC 2C 2¢ tcc 5 30 2¢  2cCc 2¢ 2¢cc SCccC < < I 1ccC 1¢Cc  1CcC 1 NE
33¢ 9J14g hA 2% Ao £S5 1¢ 1¢ 1CC 5 Y8 1C 1CC 2C 1CCC =CCC 5 1 1 sCC 1CC SC 4 NEC
337 GJ149 NA 2C PAN sC 2¢ 2 2CC 5 N 5C  2CC 2C 1CC0 #1.C E < tscC 1cC 2C 1 NC
32e  9J15C NA 2c 15 €C C 1C L N LY 2¢  1CC 2¢  5CC CCC 2 1 PosCcC 1CC 2C 1 NC
339 5J1S1 NA 19 1C 45 1C 1¢ 1 N nE 2C £C 2¢  £CC sCcCC 2 1 1 5CC 1LC 2¢ 1 NC
340 SJ1%2 NA 2C 18 eC 2¢C 2¢ 2CC 5 3n 20 1CC 2C 5(CCC sCCu 5 < 1 sCC 1€C 1C¢C L1 NC
34) 94254 LY 2C 1¢ 1c 2¢ 2¢ 1Cc 5 A 2C 1¢C 2C 5CCC #1,.C 5 z 1 5CC 1CC  1CcC AD NC
342 94252 NA ac 1% €5 2C 2C 1cC 5 A 5C 2cC 5C 5CCC *1.C S z 1 ScC 1CC  1C¢C 1 NC
343 9J3cCC NA 1¢ 1C 45 2C 2C 1CC 5 AL 2¢  2¢cC 5C 2¢CC *1.C 5 Z 1 1¢cC 1 1ce NC NC
344 9J3C1 NA 1€ 15 5C 2C NE L3y 2 AL ¢ 7°¢cc &C SCC sccCc 2 1 C.% 5CC 1CC 5C AT NC
345 9J2C2 NA 25 15 5C 2( 2C 2CC 5 L% 20 2K 2C 1CCG *1.C 5 : 1 SCC 1CC 1¢C 1 NC
346 9J2C32 NA 2c 1C s¢ 1C NCoACC 2 rC 2¢  icC 2¢  SCC s5CcCC 2 1 €.5 sCC 1CC sc A NC
3471 SJ2%2 LY. 2¢ 15 % 5¢ 2¢ 2cCcC 5 A 5C  2¢C SC 5CCC *1.C 1c 2 1 1¢CC 1CC 1CcC 1 NC
348 SJ2%51 NA 4C 15 1¢¢C SC 20 2CcC 5 N s¢  2(C SC 5CCC scee S 3 1 1¢cC 1CC s¢ 2 NE
349 §J25C NA 3C 1c &5 2C 1¢ 1Co S AC 5C  2¢¢C 5C 5CC0 =CCC 2 Z 1 1¢CC 1CC QL NC NC
35C  9J249 NA 3C C £5 2C 1¢ 1¢0 ic AL SCICC 5C 5CC0 =CCC & 1 1 5CC 1cCc 2(r 2 NC
351 SJZ48 NA 1€ 1C &5 2C 2¢ 2CcC 5 L9 éc 2CC 2C #1.0 *1.C s z 1 scCC 1¢C 2C¢ 2 NC
352 SJ241 NA 3C 1C 15 2¢ 2¢ 2¢C0 1C LY 5C  1€C 2C 5(rC scCcC 2 1 1 scC 1¢cC 1ccC 1 10
353 GJZ4¢ NA 38 ZC 55 7¢ 2¢ 1cc 5 YN 2¢  2CC 5C 5CCC s5CCC S ? 1 5CC ICC 1CC L1y NE
354 [J245 KA 3¢ 1 15 2¢ 1¢ 2cc 5 AL SC  2CC 5C 5CCC *1.C S 1 1 1¢CC 1CC 2¢C A NG
355 84243 NA 25 15 5 2C 2¢ 2cCr 5 AL 5C  2¢¢ 5C %CCC =CCC 5 é 1 s5CC 1CC 5C L3n NC
156 9J244 NA ac 15 &C 1c NE2CC L3N Ly 1€ <t Z2C 10rC scCeC 2 (.5 C.5% 5CC 11LC 1cCC AR NG
357 59J242 NA El 15 1C5 5¢ 20 2C¢ 1C 1 5C  2CC 5C 2CCC sccc s z 1 1¢CCc 1CC &C 2 L1
358 94239 NA 2% b &5 2¢ 2C  2¢¢ 5 1 s¢  2CC 5C 2CCC 5CCC S 2 1 1CCcc 2¢c 1cCc I3 ND
359  9J24C NA 2¢ 15 2c¢C 2C NC  1CC AC AL 2¢  1CC 2C 1CCce scce 2 1 I 1Ccc 1¢Cc icC 1 NC
36C 9J241 NA 3% 2€  23¢C 1c aC2cCC 5 AC 1C 1CcC 2C 1CCC sCCC 2 1 1 5CC sC 5C 1 NC
361 9J238 NA 2¢ 1C % 2¢ 1¢ 1cc ) N 5C 1CC 2C 5CCC 5CCC 5 1 1 5CC 1CC 2CC 2 NO
362 9J2317 NA ic 1C €h 2¢ 2¢ 2C0 5 i 5C 2cc 5C 5CCC *1.C 5 z 1 1CCC 1cc 2¢r L1y 10
363 9JZ33 NA 25 ic 1% 2¢C 2C 1cC A N 5C iCC 5C SC€CC ScCcCC 5 1 1 sCC 1CC  1Cc 1 NEC
364 94234 NA 15 1% ac 2¢ 2C 2cc 1C AC 2¢ 1¢C 2t 2CceC scccC 5 1 €.5 2¢CC 1€C  1CC 1 NC
36% 9J235 KA 4C 15 128 2¢ AL 2CC 1¢ A 2¢ 2c¢ 5C 1cce sCCC 2 1 C.5 5CC 1¢C 1C¢ F4 NC
366 9J22¢ NA 3% ¢ 1C5 2C N 1CO 5 L3 1C 1cC 2C 1CC0 5COC 2 C.% (.5 1CCC 5C 1CC 2 NC
36T 9J232 NA 25 ic 8C 1CC SC  1CC 5 hC 5C  2¢C SC SCCO *1.C 2 Z 1 §iccc 2¢C  1(C NC NC
68 SJ22¢ NA 4 1 15 5C 2C 1C¢C s NG 5C 2c¢ SC SCCC #1.C ) h i sCC 2c0C a(c 1 NC
389 Q90276 NA A< <0 iic 5 2 hC 1C M SC  SCC  1CC 1CCO *1.C B 2 1 2¢CC  2C(C 5S¢ L1 NC
A %423C NA 2¢ «C  15¢C 2¢ NC 1CC 5 M 2C  1cc 5C 2CC0 sCCC 2 1 C.S5 1CCC 1CC  1(C 1 NC
371 94231 NA 3C 0 14C 5C Ac L3 10 L1 2C  ace 5C 1CC0 sCcC S 1 r.%5 2¢CC 2CC 1CcC 1 ND
3712 9Js227 NA 3c 15 &C 5¢ 2C 1cc 2 N 5C 1C0 5C 2¢CO SCoC S 1 1 5CC 1CC 1CC A ND
3713 9422¢ NA 2% 15 3] 2¢ 2¢ 100 2 NA 2¢ 1CC 2C 2¢CC z@0C = ‘ 1 5CC 1iCC 1Cc 1 NC
374 94221 NA 2¢ ic 9C 2¢ 1¢ 1co 5 LIN 2¢  2C¢ 5C 5Cco %pcg 2 2 (.5 1CCC 1CC 2(C L1y NC
15 9J222 NA k14 15 145 2¢ AC 1CO 2 L1 2¢ 1cc 5C SCCO0 sCOC 2 2 C.5 S5CC 1i€C 1Cc AC ND
376 94223 NA 4C 18 12¢C 5¢C 2C 1L 5 L1s 5C 2CC 1CC %1.0 5C0C S 2 C.5 SCC 1CC  5CC LI NC
3717 94224 NA 5C 2¢ 138 5¢C 2¢ 1cc 5 L3y 2¢  2¢0 5C SC00 SCOC 5 3 1 S5CC 1CC accC 1 NC
378 94225 NA 3% iC  1&C 5C 2¢ 2C0 5 14 5¢ 26¢C SC 5CCC #L.C S H 1 SCC 16C 2CcC 1 ND
318 94220 NA 3 15 e5 2C 1¢  2c¢Q 5 1 s5C 100 2C 2CC0 5C0C 1 1 1 s0C 1cC 5¢C 1 N
380 94219 NA ac ic k14 sC 5C 200 5 A 2C  2C¢C 2C 2€00 S0CC 5 2 1 5CC 1¢€C  1CC AC NC
381 9Jz21e NA b 15 €C 2 2C  2¢ce 5 L34 2¢  2¢C 5C sccc sCCe 5 1 L - 14 sC 1CC 1 LT
382 sJa217 NA 25 1% 95 2¢ 20 1C0 5 L1% 2 1CC 2C 2¢CC 5CoC 5 2 1 1€cC 1CcC 2¢cC 2 NC
383 9J216 NA 58 15 1¢C 5C 1¢ 2¢C 5 14 5C 1cc 5C 5¢0C 5€0C 5 2 1 sSCC 1CC 1CC 1 NG
384  vJ2C1 N2 3% ¢ L1 2¢ NC 100 NE L[4 2¢ 100 SC 1€C0 %Q0¢ 2 1 1 1¢0¢ 5¢C  1€C 1 NO
388 94213 NA 2¢ 1c (14 2¢ 5¢ 2Q0 5 1 2C¢  2¢cC S5C SCCO0 500C 5 2 1 soC 1¢Cc  2¢C 2 [ 1]
386  9J241 NA NA ha NA LY} Na LY ] NA LY ] LY ] NB NA Na NA NA NA NA LY NA LY NA NA
387 9J4212 NA L 19 2c 125 2¢ NC €O L1 14 2¢ 1¢C 2C  5CC 500¢C 2 1 ¢.5 scC 1cc 5C 2 NC
300 94212 NA AC i 135 s5C 2¢  2¢cC 1¢ 14 20 1C¢ SC 1¢Cco0 scocC b ] z 1 1¢ccC 1CC iccC 2 NO
389 %42l NA SC c 1s¢ ic 2¢ 2¢0 5 L1 2 1CC 5C 2¢CO0 sCoOC 2 1 1 1C0C 1¢C  SCC 5 NC
3%0 9sJ210 NA 5C r{4 (17 5C 1¢ 1CC b 1 2 1cC 5C 1CCO *1.( L] 1 C¢.5 S6C 1¢C 1¢¢C 2 MO
3N %4202 NA 2% 20 9% ¢ NG 1CC L1 12 1¢ 1C¢ 2¢ 1LGO0 5000 2 1 1 1ccC 5C 5C NC WO

EFPZZ2PZEXTPP7PETIPIXTIPTIIPIIRZTZTIPXITZ7ZRIZZ2Z?PTIRIRPIIII2OFZLE Tungltcn
ikl lzaalaiaiaiaiaialaiain i ix iz e e il kel el R e N N o R o N e N o N W N N R R N e N R R e NN e

rPPZXFP>PI2FT
ks Ea ke EaR s Kaka]

PRXTZZRXEF
OO0 OO0

z®
[ 2]



Zfrconium

—-
AT ean
PR

—
~
)

2(¢C
20«

1ce
2CC
2C¢C
2CC
2¢¢
1C(
1CC
1¢C
2¢¢
20¢
e
1
1ce
1C¢
10¢
101
sCC
2CcC
20¢C
1CC
200
1CC
2Cr
10¢
1CC
L
1CC
20
1594
1CC
1CC
1cr
1¢¢
£(C
2C¢C
1C¢
1C¢
e
20
1ce
2L
104
2¢¢
1C¢
1cC
20C
1¢¢
200

2Cr
2C¢

N2
1CC
AR
1
2C¢C
20

Lanthanum
Scandium

-
2~ Niobium

o Z AN
B oo

ERESE 2 .Y
2}

R N e e e RN e RN e e Wi e
—
~ o

;

AR A
Ia Rt o

NN A
e is]

—

MO R AR R AR P R

-
— A
IaRekaXaks)

[
Il
~
LY
s}

o~
P
~
o

y >
2]

~

-
LN
o

o
o
~
-

>

]
SRR V]
~ae

noon
Iaga¥a)

FENENI
I3

[SESEN
coo

- —
IaRaXal

S AT A
2 ekl

o
P

A AS NS
laNsRaNaNaNal

v
-

’

SN
Ia¥a)

LN
Ao

g

L
~

—— A3 A N
a¥a¥a¥aRska)

P2 e
- O

SN
oo

A RS
N aal

Ytrrium

2C
2t
2¢
[ ¥
20
20
9t
NA
27

24
2¢

5L

icc

u(
£C
P

2C
2(
2C
2¢€
Ce
F1s
5L
s
S(
2(
50

1CC

2¢
SC
2¢

2C
s
2C
2C
2C
2C
5C

I4e
9L
5C
2C
L1e
2(

L
2C
€
2t
5
®

2(

a0
HL
LY
2¢
5C
2(
5L
¢

Ao
7 222 Vanadium

1CC
1CC

£C

L4

M2
1¢c
1¢C
1CC
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1C¢C
1¢C
1cC
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1CC
1cc
tec
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Organic Content
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ZCT.AMFLLS 45 (T2 1> PEG 2C
TCBORELLS 40 FEG 25 (37 2%
ISTORFLLS 4y PLC 2%
1C TCAECLS 3¢ FFG 2% CTZ 1C CRAN 2531 CYY
LCPTC 2C TCMNCLS 3C QT2 10 CR STCOANE IC
1C PEC 3C (17 o€ [CMECLS 4¢C
20 FHO 30 L2 20 YLANFCLS C
ICTUNFOLS 20 PEC 3C (T2 +f
1S FEC 20 TONEQLSE 4C QT2 29*SAMFLLE 1 CST
ZEICNRILS 20 FrC 2C €12 25
ICICNF{LS 4C PEC 28 (T2 2%
ICICNETLS 40 G127 2% FEG 25
0 MLl S 40 (T2 2C PEC 2(
WP 20 (172 10 IGMECLS 47
cCPOC 0 (T2 2C ICAECLS 4C
LSONLY
MIXEL TCGAeLLS 47 SCHISY #NT sECS 2C
MIXEL IGAFCLS SC SURIST AN SEULS 1S
MIXED IGAECLS SO PEC 1% CMEY AF
MIXF( ICMLUS 4C FEC 15 SECS IC
FE4C 2% MIXED TGNECLS 40 CAST S
MIXel TCALLLS 30 SCHIST AND SEPS 4¢
MIXED TONELLS &4C SCHIST AME SECS Z2C
MIXED JCNECLS 20 SCRIST AND SELS 25
#IXEL TCAFCLS 7C SCRIST #MC SECS 1C
MIXEL IGMECLS €C SCHIST ANE SELS 2C
MIXET IGMeCLE 5C SCHIST sna0C SECS 2C
FIXFL IONECLS 45 SCHIST SELS CMST 26
PIXED TOASCLST40 SCRIST AND SETS 4(
MUIXEL TUNECLES 65 CTHER L2
MEXET TCALCLS 75
SCRIST 2€ IOMLLS MIXTLRL 4C SECS 18
MEXET O OICGAECLS 40 GAST 3C SCHIST 1C
MIXEL JCEMECLS 35 CAST 35 SCRIST 1C
MIXFL ICAMLCULS 4C CAST 37 SCH[ST &
MIXED TCNECLS 25 SCHIST 1% CAST 25
PIXEL TCAETLS 3C OAST 70 SCHIST 2C
MAIXEL ICheCLS 35 SCHIST 1% SrCS% GAST 1t
MIxte ICNECLS 3% SCHIST 1% SELSS CAST o0
MIXEC ICMheCLS 25 SCHIST C SEts Ir
FIXED TCMECLS 3C SCHIST 47 CAST IC
MIXEC TCMELLS (5 SCETST ZC SECS 2C CGASTS
MIXED TCMLLS AC SCHIST, SECS, 1S
MEXEL TCMNCLLS 40 SOPISTpSELS,INST, 20
FEXFL OTCAECULS 3C CRST 25 SCRIST,SECS LT
MIXEL ICAMCCLS RC CMST 35 SCHIST 15
MIXET TONECLS 2% €NST 20 SCHIST ZC
MEXFC OIGNECLS 4C SCHIST 20 VELS,,SFLS,1C
SCHIST /5 SHiES 1% MIXET TCMECLS 30
MIXED JCMECLS €7 <¢CS 1C SCHIST 1C
MIX{E TOMTOLS 5C SELS 10 SCHIST 18
MIXEL TCONFCLS 40 SECS 1 SCHIST 1o
MIXEL TCOMECLS 3% SCHIST 1C SELS 10 CwSTS
ITNLCLS 2% SECS ZC GRST 1C SCHIST 1%
TCAFELS(CRANITEYSC SCHEST 15 (RST 1%
SCETST 10 CRST 6C GRANITE 1C
CALCEIE 20 CRANITE 3C SCr1ST 10 CRST 7t
CALCITE 10 GRANTTE 25 (RST 2C SCHIST 1%
SCHIST 25 Co2NITE 40 CPEEN STOAY S
CRANTTE 20 SCHIST 1C CFSTIC SECS 1IC

CRANETE 25 SCpIST 9 CKRARSTOAE S SaRFLE LOST

CUANLTTE 45 SCHIST 2C (RSY IC

GRANLTE 20 SOnIST 2¢ CRST 1C SEES UC
CenETE 27 (RST 1% SCHEST 5

CAMNTIE 47 GrsY 07

2L (T2 1% CRANITFE 4C GNEEM STCME M7
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19 §4/C4 (¥ 4 s I 5 2C s 2CC s rC 2. 1¢C0 Z2¢ lece sccec 2 z 1 5¢C 1C¢C 4C
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SEWARD PENINSULA, ALASKA
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