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INTRODUCTION

The prelimimary results of the mineral resource investigations
conducted 1n the Natiopal Petroleum Reserve in Alaska (NPR-A) by the
Geological Survey gre planned to be open filed in ten parts. This report,
nmubered Open-file Report 78-70A, is the first part. It is a technical
report that analyzes the mineralization found by field teams in 1977 and
provides mineral commodity specialists with the geclogic framework for
evaluating the region. Other open-file reports, 1m press, that are part
of this series include the following, marked by asterisk in the Refer-
encesg cited:

*78-70B - Bedrock geologic map of the south half of National
Petroleum Reserve in Alaska (Mayfield ard othera, 1978),

*78-70C ~ Geologic setting of the lead and zinc deposits, Drench—
water Creek area, Rowaxd Pass quadrangle, western Brooksa Range, Alaska
(Nokleberg amd Winkler, 1978), and

%*78-70D - Basic data for the geochemical evaluation of National

Petroleum Reserve, Alaska (Thecbald and Barton, 1978).

Work goals and plans

Field investigations that form the basisg for the reports on geochem—
istry and mineral deposits were dome during the periecd June 6-July 31,
1977, uaing helicopter transportation out of the Driftwood camp om the
Utukok River. For shorter pexiods of time, a helicopter-supported
temporary cemp was used on Drenchwater Creek. The work consisted of

geologic Investigations and reconnailssance geochemical sawpling by the



Geological Survey in respobpse to section 105(c) of the Natiomal Petroleum
Reserve Act of 1976.

In order to evaluate the mineral potential of this large area (see
index map, fig. 1) expeditiously, the work for the 1977 season was con-
centrated in the southern part of NPR-A and in contiguous parts of the
Brooks Range, a poorly known area suspected of having a significant
metallic mineral potential. Early 1n the investigations of bedrock
geology, 1t waa determined that red-stained zones, poasibly associated
with sulfide mineralization, were confined wainly to a thin stratigraphic
interval in a structural sequence that is discontinuously covered by
overlying thrust plates composed of coeval but lithologically different
rocks (Mayfield and others, 1978), It was further determined that lead
and zinc mineralg in the Red Dog and Dremchwater areas, the only two
mineralized areas known, were associated in the same gtratigrapbic and
structural settipg as some of the stalned zones. Therefore, it was
decided to conceantrate the bedrock and mineral investigation work on
this lower atructural sequence (fig. 2). Basic data for this report,
including travefse cross sections, semlguantitative spectrographic
analyses, and location maps of samples are given in Appendix A.

Regional geochemical sampling was done to provide a stream—sediment
reconnaissance of the entire southern part of NPR-A and adjoining Brooks
Range (see U.S. Geological Survey Open-file Report 78-70D).

Another goal of the geochemical sampling was to analyze rock chip samples

and soil samples from areas where the bedrock was investigated.



Geographic setting

The area 1is about 9,000 km? and lies mainly within the southernm part
of NPR~A between lat 68°25' N. and 68°50' N. and long 156° W. and 162° W.
The terrane 18 mostly rolling hills and low moumtains ranging in elevation
from 300 to 1,500 m that form the westernm Brooks Range and its northerm
foothills. The nearest supply centers to the Driftwood airstrip are
Rotzebue, 250 km south; Poiat Barrow, 300 km north; and Fairbanks, 700 km

southeast.

Previous work

Syatematic geological evaluation of the region began at about the
time of the establishment of the Naval Petroleum Reserve in 1923 and
resumed during the period of oil exploration from 1945 to 1953. The
regults of this effort are summarized In the series of U.S. Geological
Survey Professional Paperg 303A-H. The Geologlcal Survey studies contin-
ved in the area under the directionm of I. L. Tailleur, resulting in
recognition of significant lead-zinc mineralizatiom at Red Dog pear the
southwest corner of NPR-A (Tailleur, 1970; U.S. Bur. Mines, 1975). In
1875, Tailleur and others (oral commun.) recognized a similar mineraliza-
tion at Drenchwater Creek within NPR-A and 180 km east of Red Dog.
Interpretations of the structural framework for the western Brooks Range
have been formulated by Tailleur, Kent, and Reiger (1966) and Martin
(1970). Coal reserves in the northern part of the NPR-A were estimated
by Barnes (1967) and by Tailleur and Brosgé (1975). Phosphate occurrences

have been identified and reported on by Patton and Matzko (1959).



GEOLOGIC SETTING

Stratigraphy

Bedrock in the NPR-A can be divided ipto two terranes on the basis
of stratigraphy and structure (Mayfield and others, 1978; fig. 2,
schematic cross section). The first terrane, present in the south half
of NPR~A, includes the rocks of the Brooks Range and itg northermn foot-
hills. These are mainly highly folded and faulted, relatively thin
(about 500 m) sequences of marine sedimentary strata of Paleozoic and
early Mesozolc age. Traverse cross sections of this terrame are shown
in Appendix A. The second terrane, present in the northern part of
NPR-A, consists of much thicker (several thousands of meters) and younger
(mainly late Mesozoic age) sandstone, shale, and conglomerate units of
marine and nonmarine origin. Bedrock ip the morthern terrane is far less
deformed tham in the southern terrane. Becauge of the widespread surfi-
cial deposits, outcrops are exposed in cliffs and cutbanks and the north-
ern terrane becomes a broad, swampy coastal plain in 1ts northern part.

Structure

The southern terrane conslsts of numerous thrust plates with complex
stratigraphy (Mayfield and others, 1978; fig. 2). The rocks of the lowest
recognizable structural sequence are mainly fine-grained siliceous clastic
sediments-—shale, siltstone, and minor sandstomne~-interbedded with radio-
larian chert and, locally, submarine volcanic rocka. In overlying thrust
plates, the rocks of Carboniferous age are mainly light-colored limestone
whareas rocks of the same age in the lowest structural gsequence are mainly
interbedded dark chert and shale. This juxtaposition of calcareous
sequences with a coeval sequence of chert and shale provides the evidence
for thrust faulting on a scale large enough to displace sedimentary
facies (Tailleur and Brosgé, 1970; Lathram, 1965).
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The predominant south dips of beds, faults, and isoclinal fold limbs
suggest north—-south compression, but the amount and direction of relative
movement of the fault blocks are unknown. Reconstructions of sedimentary
environments in the region, particularly for rocks of Carboniferous age
that show the greatest variability in facies, indicate that a carbonate
rock nearshore and sghelf facies developed along what is now the arctic
coastal plain (Armstrong and Bird, 1976). These carbomnate rocks, in turm,
grade gsouthward Iinto shale and chert of a deeper water facies.

The stratigraphy of the lowest structural sequence, which has the
only significant base metal mineralization (fig. 3), is generalized in
the columnar section of figure 4. The section consists of four broadly
similar unitg; the basal units are a black shale and chert facies of the
Lisburne Group that is gucceeded by mainly argillaceous and cherty strata
of the Siksikpuk and Shublik Formations. This relatively thin strati-
graphic thickness, representing much of Carboniferous, Permian, and
Triagsic time, is overlain by a thick section of coarser grained clastic
rocks of Cretaceous age. These four discrete formations are structurally
repeated many times.

Structure within the lowest sequence along the northern foothills
of the Brooks Range consists of a series of small fault slices forming
lenslike blocka. ﬁithin the blocks, the beds are tectonically stretched
and dismembered into broken formations. Individual formations generally
form narrow units that strike east-west and dip moderately to steeply.
Internal folds are tight, nearly isoclinal and, in many places, are
overturned with axial planes dipping south. Axial plane cleavage 1is

commonly developed and in the argillacecus rocks results in 2



characterigtic fine micaceous sheen. Within the tectonic blocks, chert
and sandstone beds are the least disrupted.

The structural complexity within the lowest structural sequence 1is
indicated at Drenchwater Creek by Nokleberg and Winkler (1978). No single
forﬁation persists as a continuousg unit from east to west alomg the
regional strike. Ipstead, a heterogenmeous mixture of tectonfic lenses of
various formations forms the bedrock. Locally, large blocks of chert of
the Shublik Formation and Lisburne Group are surrounded by a pervasively
sheared matrix of shale from the formations in the lowest structural
sequence. In the eastern part of the Drenchwater Creek area, there 1s a
greater continulty of formations. Some formations appear to be thickened
by agsymmetrical folds and faults. Despite the intense deformation in the
Drenchwater area, discrete thrust plates can be identified. Each thrust
plate 1s defined by distinct proportions of various formations and

distinct structural domains.

REGIONAL GEOCHEMISTRY

Regional geochemical reconnaissance of the southern part of NPR-A
shows geochemical patterns that may be related to five distimct types
of mineralization: (1) barium related to concretionmary and probably
also bedded barite deposits; (2) zinc and silver withim the area of
abundant barium related to zipc-rich stratabound zulfide deposits;
(3) arsenic, lead, and silver in heavy~mineral concentrates related to
an ag yet unknown bedrock source; (4) lead, zine, and silver without
barium in the southeast part of the area, again related to an unknown
bedrock source; and (5) a broad distribution of chromium in heavy-mineral

concentrates derived from ultramafic rocks south of NPR-A.



The reconmaissance geochemical evaluation ig based on data obtained
from 574 sampling sites in the Misheguk Mountain and Howard Pass quad-
rangles. Tor comparative purpoges, 1l sites in nearby areas were also
sampled, including nine sites in the vicinity of the Red Dog prospect in
the De Long Mountainsg quadrangle, and two within the chromium-bearing
Avan River ultrawmafic complex in the southweat part of the Misheguk
Mountain guadrangle.

Where possible, three samples were collected at each site: (1) an
active stream-sediment, (2) a heavy-mineral concentrate from active
stream-sediment, and (3) a gtreambank so0il. The stream—sediment sample
provides a composite sample of the dralnage basin above the sample gitce
and the inorganic debris being transported from that basin, whereas the
heavy-mineral coucentrate provides a much enhanced sample of that fractiom
of the inorganic composite most likely to contain many of the rarer
minerals and elements associated with valuable mineral deposits.

The analytical data are summarized in figures 6 and 7. The terrane
is noteworthy for itg extreme geochemical variability. An unusually
large number of elements is anomalously high. The range of concentrations
for many of the elements is extreme, particularly im the heavy-mineral
concentrates where four of the elements span the total range of the ana-
lytical procedure. The geometric deviation is large, particularxly in
the heavy-mineral concentrates. Barium stands out both'for its unusual
abundance in these samples and for its extreme variability.

The distributions of seven elements have been plotted at a scale
of 1:500,000 and tﬁe data contoured to illustrate the spatilal distribu-~

tion of the potential identified above (figs. 14-16). Barium 1in



stream sediments is unusually abundant throughout the central part of
the area. It is unusuvally low near the ultramafic complexes neat
Misheguk Mountain and Siniktanneyak Mountain. It is "normal,"” a few
hundreds to a thousand parts per million, only along the northern border
of the study area and in the southeast corner. Barite is the mimeral
respousible for the high values as exemplified by the extreme levels of
barium 1n the nommagnetic fraction of the heavy-mineral concentrates and
the abundance of barite, 80 percent or more, in this sample medium.
Although the massive gsulfide deposits that have been examined are enviched
in barium, they contain only a few thousand parts per million so cannot
be responsible for the major features illustrated. Concretionary barite
is known from gseveral of the rock units and undoubtedly contributes to
the levels of barium observed, but, again, the abundance of concretionary
barite does not appear sufficient to explain the major barium anomalies
of figure 1l4. It seems likely, therefore, that an as yet unidentified
number of deposits of bedded barite exist within the area of NPR-A.
2inc~sulfide deposits are known or suspected in at least three of
rthe zinc-rich areas (fig. 15). The other areas with 200 ppm or more zinc
have similar potemntial, particularly where silver is also detectable and,
as noted above, barite i1s abundant. The single exception to this generali-~
2ation is in the southeast corner of the area where the 2inc high in the
upper part of the Nigu River is in an area of '"mormal' barium concentra-
tion and the single detectable silver value does not c¢oincide with high
zinc. The wineral potential im this area has a different chemical charac-
ter from that to the northwest and west.

The spatial distribution of arsenic in heavy-mineral concentrates is



unique. A1l of the high values (including values of 5,000 ppm or more)
are in the northeast part of the area (fig. 16), particularly in a
pronounced northeast-trending zone that crosses the Utukok River in the
vicinity of Driftwood. The distribution of silver in the heavy-mineral
concentrates is remarkably similar to that of arsenic though isolated
highs scatter farther to the 'east. Again, the cluster of samples contain-
ing S ppm or more silver defines a northeast-trending zone through Drift-
wood. A single high value in the head of the Nigu River falls in the
zidnc-rich area described previously. The distribution of lead in the
heavy-mineral concentrates is more complex than that of the arsenic and
gilver, reflecting the greater proportion of valid observations. The
northeast-trending high through Driftwood is again prominent, locating

and validating the arsenic factor described earlier. There is clearly a
prominent source of metal in this area, but its nature and whereabouts

in bedrock are unknown. A second group of lead-trich heavy-mineral concen-
trates 1s in the southeast part of the area, generally coincident with,
but more widespread tham, the zinc-rich samples in this area. The general
coincidence of zinc, silver, and lead in the southeast chemically charac-
terizes yet another metal anomaly with no known bedrock source.

The remaining factor chat suggests mineral potential is character-
ized by calcium, magnesium, and chromium in both sample media. It is
11llustrated here by the single example of chromium in the heavy-mineral
concentrates. The other elements involved display similar patterns.

The principal source of these elements 1is clearly in the ultramafic
complexes at Misheguk Mountain, Siniktanneyak Mountain, and on the Avan

River. All of these are south of NPR-A. A prominent chromium high



extends north frow the Siniktamneyak Mountain complex along the Kuna
River, expanding northward along the Kiligwa and Colville Rivers. This
anomaly is equivalent in magnitude to the Misheguk Mountain anomaly and
larger than the combined anomalies from the other ultramafic complexes.
We interpret this feature to reflect ancient erosion of higher, larger,
and richer portions of the Siniktanneyak complex and the irretrievable
spreading of chis material throughout the sedimentary rocks to the north.
From this interpretation, we see little potential for extensive deposits

of minerals related to the ultramafic suite within NPR-A.

Geochemical summary

The geochemical evaluation of the mineral potential of the southern
part of NPR-A 1s summarized in three jillustrations designed as overlays
on which the potential is displayed at two levels. The barite potential
(fig. 14) 1s defined as moderate where contiguous stream-sediment samples
contain 0.5 percent or more of barium and as strong where they contain
more than 1 perxcent of barium. The zinc~sulfide potential (fig. 15) is
defined by the overlap of areas having zinc-rich stream sediments and
areas rich in barium. The Driftwood anomaly (fig. 16) is defined by the
coincident occurrence of arsenlc, lead, and sgilver in heavy-mineral con-
centrates. The anomaly is open to the northeast, reaches its maximum
intensity at the north edge of the study area, and has no known bedrock
source. The Koiyaktot Mountalv anomaly, also shown on figute 16, is
characterized by the general similarity of the distribution of zinc iIn
stream sediments, silver in stream sediments and heavy-mireral concen—
trates, and lead in heavy-mineral concentrates. The patterns for the

three elements are not strictly coincldent and are at least guggestive
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of metal zoning. The bedrock source of the Koiyaktot anomaly has not

been identified.

MINERALIZATION

Metrallic and related nonmetallic minerals

Occurrences of metallic and related nonmetallic minerals have
recently been reported in northern Alaska. Preliminary followup work
during the 1977 field season has resulted im recognition of significant
zinc, lead, and silver mineralization along a fairly well delineated
regional geologic trend associated with chert-shale~volcanic rocks of
Carboniferous age. This belt trends eastward from the zinc-lead deposgits
of the Red Dog Creek-Wulik River area in the De Long Mountain quadrangle,
acrogs the southern portion of NPR-A to the Drenchwater Creek-Wager Creek
area, the most noteworthy showing in NPR-A to date (fig. 3). These zine~
lead deposits appear to have formed contemporaneously with volcanic
activity indicated mainly by submarine tuffs with subordinate porphyritic
lava flows assoclated with marine shales and cherts. The entire region
of NPR-A in which this assemblage occurs must be considered as quite
favorable for other similar occurrences of lead~zinc mineralization.
There are not enough data available at present to permit more than quali-~
tative evaluations to be made with respect to resource potential. More
effort is needed to fully defime the zinc-lead resource within NPR-A.

In the De Long Mountains quadrangle, potentially valuable concentra-—
tions of barite are found associlated with the zinc-lead deposits, but
similar occurrences have not yet been noted within NPR-A. Rocks sgimilar
to those hosting the zinc and lead deposits are associated with anomalously

high geochemical values for barium. This relationship suggests the
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possibility of finding barite deposits within NPR-A as well.

Bedrock examination

In NPR-A, eleven mineralized areas were prospected or examined. For
most of the areas, detailled geologic traverses or sketch maps were made,
and samples of bedrock, stream sediments, and so0il were collected for
chemical analyses (Appendix A). A summary desc¢yiption of the eleven areas
examined and the analytical results 3is shown in table 1. Analytical ranges
shown in table 1 refer to lowest and highest values from analyses for base
metals at each site.

A total of 214 rock, soil, and stream silt samples was collected,
each of which was aralyzed spectroscopically for 30 elements. Outside
the Drenchwater Creek area, lead shows unlformly low values from less
than 10 to 150 ppm with an approximate average of 30 ppm for all rock and
soil samples. Outgide the Drenchwater Creek area, zinc was mainly detected
to the southeast of the Drenchwater Creek area with values between none
detected to 300 ppm. Very low values of silver, 1-3 ppm, were found in
a few gamples.

Within the Drenchwater Creek area, lead and zin¢ show moderate to
high values within the zone of sulfide mineralization. Lead ranges from
10 to 15,000 ppm with an approximate average of 200 ppm. Zinc ranges
from less than 200 to more than 10,000 ppm with an approximate average
of 200 ppm. A few samples show silver values of 1-5 ppm. Barium is
discusged in a later section.

Drenchwater Creek area
In the Drenchwater Creek area, sulfide mineralization occurs in the

gray to black shales, gray to black cherts, and intermediate to mafic
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volcanic rocks of the Lisburne Group contained in a lower structural
sequence (figs. 3, 4; Nokleberg and Winkler, 1978). This sequence is
internally deformed and is subdivided into thrust plates. The Drenchwater
thrust plate contains base metal sulfides and minor barite.

Galena, sphalerite, and pyrite were observed in the tuffs or in
dark cherts and dark shales that are either interbedded with or adjacent
to tuff. The sulfides may occur in more than one umit of tuff, dark
chert, and dark shale; however, the intense folding and faulting and poor
exposures in the area preclude any precize determination of number of
- mineralized horizong. Barite is much sparser and occurs in black chert
along Drenchwater Creek and in undifferentiated yellow-green cherts of
the Shublik or Siksikpuk Formations in the southwest part of the wmapped
area. Strongly developed iron staining also occurs in the zome of sulfide
mineralization and 1s primarily the result of weathering of pyrite and
lesser amounts of sphalerite in the felsic tuffs. The eastern and western
lim{tg of the zone of sulfide mineralization still need to be defined by

more mapping and sampling.

Geologic controls

Zinc-lead sulfide deposits
There are two major geologic controls for the occurrences of sulfide
deposits along the northern fromt of the Brooks Range as determined from
detajiled mapping in the Dreanchwater Creek area and from detailed geologic
traverses along the porthern front.
First, in the Drenchwater Creek area, the association of sphalerite
and galena with tuff and with gray to black dark chert and gray to black

dark shale adjacent to submarine volcanic rocks strongly suggests that:
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(1) sulfide mineralization occurred simultaneocusly or just after sedimen-
tation and volcanism; and (2) volcanic exhalations may be the source of
the mineralizing fluids.

Second, intense deformatioun, including isoclinal folding, faulting,
and melange development, has severely disrupted and dismembered the
stratiform deposit. Intense deformation may have obscured a stratigraphic
horizon favorable for the localization of base metal sulfide deposits;
the original stratigraphic horizon may have extended from at least the
Red Dog Creek area on the west to the Drenchwater Creek area on the east.

Barite deposits

Nodules of barite are widely but sparsely distributed throughout
the Sikgikpuk Formation within the southern part of NPR-A, and geochem-
ically moderate concentrations of barite occur in placers in the streams
and rivers draining the northern foothills of the Brooks Range within
NPR-A. Typical values of barium in stream sediments range from 1,000
to more than 5,000 ppm. Typical values for bariue in rock samples range
from approximately 200 ppm to more than 5,000 ppm, with estimated average
valueg of 1,500 to 2,000 ppm. It is assumed that the barium in the rock
samples 1s contained in barire; however, barite has not been identified in
any of the analyzed rock samples. Several glternatives exist for the
source of barite in the placer deposits. One source might be residuval
concentration of barite from sparsely scattered nodules or disseminated
grains In various rock units. An alrexrmative source might be residual

copcentration of barite from as yet unidentified bedded barite.
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CONCLUSTIONS

Based on 1977 fieldwork, much of the southern part of NPR-A shows
a potential for metallic mineralizatiou. Regilonal geologic studles have
defined a stratigraphic horizon within the lower structural sequence
that is favorable for base metal mineralization. New occurrences of
sphalerite and galena were identified at Drenchwater Creek, and barite
nodules and velns were found at numerous localities,

Four types of regional geochemical anomalies are identified:

(1} Zin¢ and silver related to known masgive sulfides,

(2) Barium related to barite.

(3) Arsenic, lead, and silver of unknown bedrock source.

(4) Tead, zinc, and silver of unknown bedrock source.

Rocks having criteria for mireral potential are shown on figure 17
which outlines mineral occurrences, geochemical anomalies, and the
distribucion of rocks in the lower structural sequence. Specific areas
with favorable mineral resource potential are: (1) Drenchwater Creek,
(2) Koyaktot Mountain area, (3) Driftwood area, (4) Spike Creek area,

(5) Mount Bupto area, and (6) Sphinx Mountain area.

RECOMMENDATIONS FOR FUTURE WORK

On the basis of the 1977 work, we believe the following investiga-
tions should be undertaken to further evaluate the mineral potential of
NPR-A:

(1) Conduct geological investigatioms of the geochemical anomalies
té identify their source and areal eﬁteut.

(2) Expand regional geochemistry to include the Utukok River and
Lookout Ridge 1:250,000-scale quadrangles that lie t¢ the north of the
area gtudied in 1977.

15



(3) Make a topical study to identify and evaluate the source of
the high barium values io the regional geochemical sampling.

(4) Conduct more detailled investigations im the Drenchwater Creek
area to evaluate the extent of mineralization. Those investigations
should include geophysical and geochemical surveys.

(5) Conduct more structural and stratigraphic studies inm this
mineral belt to understand the geologic setting and controls of minerali-

zatlon.
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1a,

11.

TABLE 1.

Sumpary site descriptions

{Sae figure 3 fer location of sites]

Number of
analyzed Analytical rxanges, ppm
hrea Mineralization, rocka, and structure samples Zn Pb Ba Ag
Inaccassible Iron and copper staining. Local marcasite. Ysllow clay 5 H 10-240 700~ H
Ridge partings in chert rear contact between Lishurre Group and 5,000
Siksikxpuk formarion. Imtensely folded and faulted
Spike Creek Iron staining near contact of Lisburne Group and Sikaikpuk 12 N 10-20 1,500~ N
formation. Dark shale and chert of Lisburne Group. Gray- >5,000
maroon shale and chert of Siksikpuk formation. Intensely
falded and faulted
Kagvik Prominent iron staining. Local sparse barite. Gypsum- 2 N 16~15 1,000~ N
Craek bearing light-colored shale; dark chert and dark shale 3,000
of Lisburne Group and Sikalkpuk formation. Intensely
deformed
Elbcw Creek Iron~stained, yellow clavey soil at contact betwesn aaroon- 9 H] 15-50 »5,000 N
gray chert of Siksikpuk formation and black chert of Lis-
burne Group. Two sectlons of folded rocks of lower
gtructural sequence aseparated by Cretaceous shale and
dandstone
Chertchip Prominent ivon staining with orange, clayey soil. Green- 14 B 10-150 700~ n-1.
Creek gray chext of Siksikpuk formation and Cretacecus moedstone. >5,000
Closely spaced structural repetitions of units
Sorepaw Red, iron-stain scils op black shale, chert, and limestone 13 E] 16~15 00— K~1
Creek of Lisburne Group. Local iron stainiag in gray chert of *5,060
Shublik formation. Intensely folded
Rampart Bright orange iron staining. Black chert of Lisburne Group 7 N -15 1,000~ N-2
Creek and olive-gray mudstone of Siksikpuk formation. Intensely »5,000
foldad
Roiling Pin Iron staining. Local thin barite seams. Gray-maroon chert 13 N 10-30 1,500~ H
Creek of Siksikpuk formation. Intensely folded >5,000
Drenchwater iran stairing., Park shale, chert, and mafic tuff of Lia- 63 ¥-50D 10w 300~ N-5
Creek burne Group. Intengsely favited yectonic breccia 15,000 >5,000
xiligwa River Iron-stained, orange, clayey soil. HMarcon~gray shale and 21 N-530 10-160 2,000~ B-1
gray chert of Sikasikpuk formation. Structural repetition »5,000
of unitrs
safari Iron-stained, orange and red soil. Sparse, rich concentra- 11 N-300 10-15 150~ N~3
Creek tions of barite nodules. Gray-olive chert and shale of >5,000

Sikalkpuk Formation. Thinly bedded limestone in dark
chert of Lisburne Group. Cleosely spaced strucrural repe~
tivions of wnits

*N @eans none detacted,
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WEST STRUCTURAL smu?nc%E?o]l-JlrUN 0F THE
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[METERS)
0 FOSSILS
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o & v e LT
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O E & “_,., oA Pelmgﬁ;’::; Turbiditznzar:"‘d shate. Minor
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o |X e ragments -
—_— e}
a |J O Rt
— N == to medi » and 11imest
o @ — = > <= radiolar{ gray, mthm;’“"" Chert is dark
2 X = — black an ribbon chert g Tight-olive-
[ - o > < shale interl gray
5 Sy bedded, very f%{m‘tone is meSiayered with
e > siliferous wi ne grained and un gray. thin
—=S=S2 and th pelagi generall
. << Balobia., About gic pelecypods- y fos-
. : — ___] 100 m thick -Monotis
pr4 W - ——— - Olive- ,
1 TLETTIC -__‘”_t lite gray siliceous
g Xt - , and chert shale, mud
—_ p 4 o -ﬂz.—;-_—i ceous s"‘atae . Maroon and stene, argil-
> * — C"‘:’:‘“--ﬂ‘d Htic sheen 0:”’ highly c1eav2;e°" argilla-
=2 |6 gjﬁ?c:: gray radiolar{ surfaces, Gra with argil-
= <= with an ribbo y to greeni
50-|x "4 s = rosettes n chert nish
-— — __;-L-‘_'-_‘“ Ol‘angq‘ and Sh:f mircasite, mf knobb]y and
T8 " — T mation fs des of gree athers maroon
iyl nodu) about 100 ¢t n and yella :
o [= —— ] s tnees, o veins In many w. tor-
6 ——‘_T'--_'__:_ s_le °°"SD*Cuous1'y veins in many' lBarne
____: o= St:‘;::d rtgclny 32;%:1,31280"5 l';]z:&s
— T ' on bright}
. y
[ <
VAL A A T j
v W CDCCDJ‘_L 3.4 l:-élmy black <414
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nat ering, 1ndi2:tb1es that. tOge:;u and con-
(@] ) for shell e submarin er with lay-
that y fossil fr e origin. Ex Y
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FIGURE fi -Surmary statistics for 23 elements detected in the
574 samples of -30 mesh stream sediment from the
rorthern parts of the Misheguk Mountain and Howard
Pass quadrangles, Alaska. Seven additionat elements
sought but not found in these samples are, with their
lower 1imit of detection: As 200, Au 10, Bf 10,

Cd 20, Sb 100, Sn 10, and W 50. The values for the
minimun, maximun and mean are in percent for Fe, Mg,
Ca and Ti, and in parts per million for the other
elements. The geometric mean and deviation is only
given where a reasonable estimate is possible; that
is, where the number of observations falling in the
indeterminate categories of N, L, or G {s nat large.
Where the mean and deviation are given in the pres-
ence of the tndeterminate categories, an arbitrary
value either two reporting steps above or below the
1imits of the anmalytical method, as appropriate. have
been substituted for the indeterminate.

Number outsige Number Geometric
Chemical of rang ot Hin{mm Max {mum Kean Oeviation
symbol X L [ observations
Fe 574 1 i1 5.7 1.6
] 54 0.1 10 0.93 2.8
Ca §74 0.05 20 0.4 3.2
n ’ 574 0.1 1 0.45 1.7
Mn k N 100 G 5000 1500 1.8
Ag 562 a 5 N 0.5 2
8 8 2 564 N 10 200 n 2.1
Ba “ 530 20 6 20,000 2600 4.7
Be 8 34 532 N 5 1.8 1.6
o 10 564 LS 200 29 V.7
tr 3 N 10 8 5000 160 2.8
Cu 1 LY2] LS 300 57 1.9
(¥] 224 2 8 N 20 150
] 528 kXl 1 ns 10
b 272 300 2 N 20 30
Nt 54 10 3000 99 1.7
Pb 30 31 511 N10 150 4 2
Sc 54 5 70 19 1.8
sr k) 64 LY2] N Y00 1500 110 1.9
Y 134 20 500 170 1.5
Y 2 5 N 10 100 1] 1.4
In 382 1B [} N 200 1000
Ir 1 573 X 10 500 160 1.5

-'/N. none detected °

L, present {n an amount less than the lowest standard.

G, -p;-e than the highest standard. The value of the highast standard 3 indicated fn the "maximua®
column,
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FIGURE &. --Summary statistics for 25 elaments detected in the
574 samples of nonmagnetic heavy-mineral concentrate
from the northern parts of the Misheguk Mountain and
Howard Pass quadrangles, Alaska. five additional
elements sought but not found in these samples are,
(with their lower limits of detection): Au 10, 8i 10,
Cd 20. Sb 100, and W 50. The values for the minimum,
maximum, and mean are in percent for fe, Mg, Ca and Ti,
and in parts per million for the nther elements. The
geometrfic mean and deviation is only given where a
reasonable estimate is possible; that is, where the
nunber of observations falling in the indeterminate
categories of N, L, or G is not large. Where the
mean and deviation are given in the presence of the
indeterminate categories, ar arbitrary value either
two reparting steps above or below tha limits of the
analytical method, as appropriate, have been substi-
tuted for the indeterminata.

Number outsjda Number Geometric

Chemical of range™ of . Minimun "3 x{ mm Mean Deviation
symbol | L & abservatians

fe ) &7 a.15 20 4.6 2.4
Mg 587 a.07 s Q.53 .0
Ca 4 563 L 0.1 20 2.1 4.4
™ 1 586 0.02 62 0.88 4“7
Hn 567 70 3000 610 2.0
Ag 518 5 47 %1 18

As 536 3 R $00 10,000

8 124 43 N 20 1000 X2 k9 |
fa 382 185 300 & 50,000

Be 78 48 144 N2 150

Co 207 n 49 N 10 1500

cr R 516 L 20 10,000 170 4.6
Cu 69 498 L 10 3000 S0 3.9
ts kLT 183 N S0 1500

Mo 49 27 41 N 10 S0

)] a3 26 68 N S0 150

N1 19 . 548 N 10 7000 £ 2.8
Pb 288 28 254 N0 10,000 20 1.8
L4 28 1 as1 N D G 200 19 1.4
Sa 54% e N 20 700

Sr 2 6 35 524 N 200 G 10,000 2000 4.2
¥ 567 20 1000 160 2.
Y 175 392 N 20 1500 L3 3.2
n 15.2 1 1 . W3 M 800 G 20,000

Ir 2 rr4 153 370 N 20 6 2000 330 7.8

1/ N, none detected

L, present 1a an amount 1e$s than the lowest standard.

6, mare than the highest standard. The valye af the highest standard §§ indicated fa the "maximm*
column.
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Appendix A

Traverse Cross Sections

1.

1o.

1l.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Red Dog Creek

Atneerich Creek

Inaccegsible Ridge (western edge near Kelly River)
Inaccessible Ridge (western edge northwest of Kagvik Creek)
Inaccessglible Ridge (main ridge north of Kagvik Creek)

Inaccessible Ridge (south of main ridge and north of Kagvik
Creek

Elbow Creek

Chertchip Creek (near Nuka River)
South Chertchip Creek

Nuka River

Nuka Ridge (southeast part)

Nuka Ridge (Aortheast part)
Sorepaw Creek

Headwaters of Rolling Pin Creek
North Rolling Pin Creek
Drenchwater Creek

Ridge between False Wager and Wager Creeks
North of Drenchwater Creek
Northeast tributary of Wager Creek

Safari Creek

Formation or Unit Symbols

Trs- Shublik Formation

Pg~

M1-

Siksikpuk PFormation

Lisburne Group (Dark chert and shale facies)
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3.

INACCESSIBLE RIDGE (WESTERN EDGE NEAR KELLY RIVER)
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Unit Estimated

Rock unit number  thickness Description

Utukok 1 2130 m Buff-weathering limestone and sandy 1imestone;
crinoids and brachiopods

Shubt ik 4 20-100 @ 6ray- to brown-weathering, gray chert with
shale partings;: Monotis

Siksikpuk 3 45-65 m Gray shale and siliceous shale, highly frac-
tured and folded

Siksikpuk 4 Iom Gray or maroon shale, intercalated siliceous

shale and chert beds
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INACCESSIBLE RIDGE (WESTERN EDGE NORTHWEST OF KAGVIK CREEK)
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4, INACCESSIBLE RIDGE (WESTERN EDGE NORTHWEST OF KAGVIK CREEK
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INACCESSIBLE RIDGE (MAIN RIDGE NORTH OF KAGVIK CREEK)

ol |
1
nit Estimatad

Rock wnit number  thickness Description
Stksikpuk 1 >25 m Brown- and gray-weathering gray chert

F4 70 m Calcareoys greenish-gray 11thic wacke
Siksikpuk 3 125 m Gray and marpon, well-bedded shale and chert

4 20 w Lithic wacke
Shubl tk 5 5 @ Gray wel}-bedded chert with Monotis
Siksikpuk [ 15m Gray thin-bedded chert
Siksikpuk 7 W0m Gray well-bedded chert
Utukokf 8 >300 @ Light-gray-weathering 1imestone with few

Kogruk black chert nodules; buff-weathering thin-

bedded }imestone in flpat at base
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Utuhok

Shubl ik
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L1 cburne

Slksikpuk
Lisburne
Slksikpub
Sthcikpuk
wad

Lithurne
ShubT1h
105 1hpak
Stistkpuk

Stksikpuk

W oA W M

w W w

INACCESSIBLE RIDGE (SOUTH OF MAIN RIDGE

AND NORTH OF KAGYIK CREEK)

Est o Led
thickeasy

200 m

40 a
W
LN ]
Ha

LU ]
0.
e
1t »

im
1 .
Na
Hm

Bescript tog

Buff-weaihering sendy |imestone and dolomite, thim shale and sandstona
apar base; crinoids, brachiopads, and gastropads

Thin-badded, pourly indursted gray shale and mudstone
Gruy and darh-griy chert, highly frectured, bouding of griy )lmesitone
Mourtly gray chert at top gradiag dows loto olive-gray shala

BEack chert and | (meitone ?nd{ug dowy 1o BIaCK thale with few tdin
Ttnrstone beds; yullow clay <1 = thick 4t Log

Gray shale and sillceous shale, few gray cheri beds

Yallow clay bhed on black-wel)-bedded chert

Gray shale and s111ce0us shale; Intercalated gray chert bads
Gray shule, blach chart, wed yellow cliy; struchurally comp)ex

Grgy-birowt-wed Cher G gray cherk, hlgnly fractursd
frey and maroon saale; fRtercalited cherl bads
Gray cherk

Gray and saroon shale

v
{ ‘\ijfv%g 2, & Boyp
C &,
Vg Q?ﬁ/ LTS e,
i bYo vl

Misheguk Mountain
1:250,000
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7. ELBOM CREEK

I T
| ]
r
A
+ 4
B A M
”ﬁ’%‘”/ 4/4
b a/’
13 !(". %‘/ I‘
[ |
Unit Estimated
Rock unit rumber  thickness Description
Sikstkpuk 1 50 m Interbedded gray chert and gray to
margon shale, many folds
Lisburne F4 10 m Mastly black or dark-gray well-hedded
chert
3 Zm Yellow clay sofl zone
[ >175 m Interbedded 1ithic wacke and gray
muds tone
5 Om Maroon and clive-gray chert and shale

Misheguk Mountain
1: 250,000
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Pasaibly

) to tatsrmediate (+58°) sorthward.

NUKA RIDGE
[{HORTHEAST PART)
2357
dark shale

12,

Dascription

and Crincidi 1a ] imestons
hnr fn 4ip from skallow scutbeard |
"variegited™ ] and gray chert and

Froaumied ¢
it icolored

One distinctiva bed of caloarsous quarti-feldspar "grit” {orsmule cenglemernta}
the same a3 unit nuober 1

Calcareous quaril-feldspar “grit” and arenite; interbedded sandy Viwmastons.

alunown:-hlhur "orit® snd aranlie; tRterbodded paady 1iagttone.  Abundiat
brachl

Mostly covarsd; Float and minor outcrop ankirely dark shale
Melttcolorsd -mireon, dart-gray, and gress cheri snd dart-$laty shala

Mylticelored chert, chiefly marcon and dark gray

Estimated

fchnesy (@
1a0
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FRALT
FAULY
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7

Untt
alher

39

250,000
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Misheguk Mountain
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Rock_upit

Lisburna

Shuab] 1k
Listurne

Shubl 1k

bl 1h

Sins T hpui
L tsburna

L [ shurwa

unit
nusber

]
H

1]

Estimated
thickness

»iam
175 m

L]
om

12 m
100 w
W-300 a

ls
12-50 &

W10 e

13. SOREPAW CREEK

Descript fon

CithIC wacks with intercalsted mwistons; (e comcretiont

Black chert, shala, snd thin |imestone beds; local orangs
soll

Light-griy- 4ad Wown-weathering chert

Biack shale wilh intercalaied beds of silicesus shalw,
chert, and |issstons

Gray chert
Calcareous wacke and wudstong

Light-cream- or gray-wakihtring, griy or preen chart; fa
imettone beds sad local pyritie chart; sonotis

Maross end gray shals

Black wall-bedded chart, few black shale partings; loca}
yellow-weatharing clay zonas

[ntarbeaded BIach chert, 5(11ceous Mach shale, and 11pMt-
gray 1{mestona

Misheguk Mountain
1:250,000
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15. NORTH ROLLING PIN CREEX

Unit
rumber  Thickress {m}

VIS “”i‘\\ e

Description

44

DN E) TR
1 Ml &0 Dark-gray chert with minor red-weathering dolomitic interbeds 3\l\ ,‘”, 1y R 2 ')Cq !
FAWLT K LR P NS e L
Uﬂni h ‘mﬁﬂ ] «U
2 Ps ad Marcon and green argi1litic shale; weathers into spindles; minor '.f;:‘? ” ? 7 ' E@
gray and green chert; tightly folded ( v - . { ?Eg
AR RN /s Y
{ 4" X ) i -
FAULT : \’\:“? ~ ‘\'.,_:; 1)!2 N { =
3 K ito Extremely broken Flyschofd sandstone and fissile shale; although e v " \ 'fl ﬂ.* Ix] #e
sandstone beds are thick, no bed {s continuous--sandstone acts TR ; N s = ,Jﬁ*(“ - ‘Pﬁ
as boudins in a sheared matrix of wel) cleaved shale. (“Broken _},,, * /ﬁu.ﬂ ca s L ‘/ .
formation™ style of deformation.) Minor carbonaceous debris i “J ‘. { ¢t' e J R
"f he «9 639’ .
FAULT v ?‘q
1 Ml 120 Bark-gray. evenly bedded chert and shale; strongly {ron-stained \ : _/_ : -l
5 Ps 90 Variegated maroon and green shale and 1ight-gray chert; contact y /1 ) f r' ;}_ N
with unit number 4 is accordant but may be a fault inasmuch .! [ p
as there 1s an {ron-stafned zone 4 m wide adjacent to it In f “:’f%,[ ?“-i ' J"

dark chert

Howard Pass

1:250,000
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16. DRENCHWATER CREEK

Formatian. Estimated
unit nuober  thicknass (m) Description
SIKSIKPUK
1 60 Gray-, green-, and red-weathering chert
2 4«0 Platy to argilljtic mudstone, mostly gray
3 25 Red and green chart
SHUBLIK
4 20 Gray to buff shale, in part platy and liwey; tightly folded
] 15 Cherty )isestony and dolomfte with Monor(s
CRETACEOUS
é ? Intensely defarmed shale and sandstone in fault zong; shale with sheen of pervasive
sl{ckansides; sandstone in bouding that may be datached nosés of {sociines; plant
fossils
SHUBLIX
7 BO Limestone; cherty }imestone; dolomite; with Momoris
SIXSIKPUK
8 100 Mogtly variegated shale and siliceous mudstane, with one prominent bed of gray chert
swar middle
LISBURNE
9 30 Dark-gray, evanly bedded chert: transitiona) dowward into 10
10a 30 Recrystallized dark-gray chart with sbundant quartz microveinlets but po visible
sulfides
10h 15 Ourk-, punky-weatherfng shale with prominest gossan that transects clesvage; irregular
darite-rich breccia up to 2 m thick berneath gossan and above strongly altered 1izhic
crystal tuff. [Actually breccia and tuff zones consist of complesly interteaved
tuff and dreccia; cannot detarmine individual bads)
N 37 Horizons of altared gray chert with sulfidas 10 to 20 m thick separated by two beds
af tuff breccia with clasts of dark chert 5o to 2 & thick
12 50 Dark-gray s{}iceous mudstone, weathers blocky; perhdps partly chert
13 40 Dare-gray chart, partly fron-stained. Resistant unit forming pramfnent ledge crogs-
ing stream
L) 607 Oark s11iceous mudstone, pOOrly exposed, wedthers into dark 3ofl-covered siops:

prominent zone of sphalerita/galsna/pyrite "nodisies” 1n upper parts; mineralized
veing in the nodules transect cleavage ngarly at right angles and recement the
rock. fn places, chert fragments form a breccia that is camented by sphalerite

44
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NORTH

OF DRENCHWATER CREEK

nlt
number

I ®s

& Ps

5 Bs

4 Ps

1 Ws

2 Ps
1 Hi

Estimated

thickaess {m}

50
FauLT
62

HY
FAINT
25

FALLT
25

Bescrigtion

Charty lisestone and shale, green to buff weathering, with sonotis

Mostly gray to green chert with 12-w-thick zone in center of altered,
iron-stafned shale cored by a felsic 5111

{herty limestone, green to buff westhering, with sonatis

Green- to lght-gray-weathering chert and shale, mostly altered and
iron-stained; recrystallized, with cross velnlets of timy quarty
evhedra

Same &5 wnil oumber 5

Same 45 unit nuaber 4

Upper 15-20 m of dark timestone, platy Yimestope, and dark sooty
shale, swcceeded dowmmard by thick-bedded dack chert with
1ighter laminae. Minor red-weatharing dolomite
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Formation.

unit numbar

SHUBL IK?
1
2
ki
L15BURNE
4
5
8
7

CRETACEQUS
8

SHUBLIX
9
SIKSIKPUK
1¢
CRETACEQUS
11
SHUBLIK
12
SIKSIXPUX
13
SHUBLIX
14

SIXSIKPUK
15

L ISBURNE
16

CRETACEQUS
17

SHUBL (X
18

SIXSIXPUK
19

SIKSIKPUK?
20

SIKSIKPUK
2t

22

LISBURNE
21

19.
Thickness {m)

30

20

40

30

20

70
40

20

&0

50

20

60

50

25

50

20

250

60

20

150

20

S0

NORTHEAST TRIBUTARY OF WAGER CREEK

Description

——

Variegated shale, poorly exposad
Two resistant strata of 1{mey chert separated by 5 m of dark shale

Mostly dark gray shale: strongly folded

Oark, evenly bedded chart
Interbedded dark shaie and chert
Tightly folded dark chart with minor scattered 1imestone beds

Dark chert. strongly altersd with pyr{te. one thin ded of apparent falsic crysta)
tuff

FAULT

Very fisgile shale, siltstone, and micaceous sandstone: very tightly folded, sand-
stones act as boudins: aumerous ripple marks and plant fragments

Tightly folded cherty 1{mestone with monoris 2bove: dark shale below

Medium-gray and green chert and slate; bedding irreqular
FAULT

Very tightly folded shale, siltstona, and micaceous sandstonz; same as unit number 8
Cherty limestone with monmocis above; creamy to dark thale below

Medium-gray and green chart and slate: same as unit number 10
FAULT

Thinner sect{on af xoocoess-bearing charty limestone and ¢hale; same )ithology as
units 9 and 12

Same as unit 10 and 13; dtstinctive Yacing of vafnlets with random)y orientad barite
crystals

Dark, evenly bedded chert
FAULT
Isoc1inally foided dark slatey shale. in part dolomitic, with minor sandstone.

Sandstone fold noses are “floating” In intenssly deformed smale-~could be termed
a4 “broken formation®

Same as units 9 and 12

Unusually thick section of apparent S{ksixpuk chology: nodular gray and green
chert and dark-gray shale (some nodules are pyritic). Tightly folded in places;
Unasual thickness may be due to repetition by folding or faulting. Gradationa)
downward into unit numer 20

Oark and thick-baddad chert, 1n part shaly

Variegated medium-gray. preen. and maroon chert and shale; dark shalé ix conspicuous
and ynlike the "ngrmel™ Siksikpuk 1§thology

Strongly {ron-stained and oxfdized varfegated slate, chert, and argill{tic mudstone:
sulfur stained and smelly sofl covered

Dark-gray chert with Zigar platy Yimestone beds; unminera)ized



6%

20. SAFARI CREEK

STAN 2owE

8aRiTE KOD S

MAJOR DRANARE Diving
STAIN 20w

—— BTAIN Zowe

LA
Zy
H
[
b "l

725
a

Z

2
20l

> 2 7
e
oy

AR
NN r.,//..
N 7%»
W\ o
A\ ]
1}
Jaldor F Lrom
[ ALNEE R (g - T ]
I, I 4 v N R Nﬁ W e 11T Lo (0n 08 K
N ) N ; " Mount Bl NGNS
N : ﬁ wie I N upto ] .8-5.-—.-‘-“ e 10ga-pray lamleated chary; woalbare ta L1ght grey) vama cadiolaria R )
: ) ! T \/ pb W P i wa lu.“ﬂur Ulghs-pray <dart with marem 3ad obive sryllditic sudatass. Ordsge sall dowsinped L LR TITYTY Y
. 5N ! o I.ﬁi .
T ) \s,.\,\ » _s.s..:....r‘-:.. argtHII¢ mad wHA ((saly discamlaaied gyvita, weaidars sranga FITATPN
. ' ' &z -..i,:\u [ e ﬂa_:tr Desitans vila hori bt srend i1
w ’ ; ’ v 1 MO8 e cheri suiiroppieg fa [RAL mcha Coat w(lh pemt wpINliCe FLIT
lu P - " [ Batstany ead gadhcn; @iy ¥ 1116 Mok oF ol f1isetrame Ta ) Crndatnat @lrts Crodacomnt flaok
s B y - - -
M\/_wv f S R : fmy .
e r\ﬁ . R " - .\.,w\. ] Ha Sart-grey Miay fhach WITh amaiis; We(Oev (o Buff-LDIor D¢ hoads) resloberis amadmii el by
/x . r\ o Y i S8 Pela-ebive argliNits everhies 301 ((eous shaly a4 avgibitce uiea darite wodulas JTLYIITEY
% AY.!/ - 14 —— @a  Betagay-slive cav chect shiA oxfdtsed safl S0l
B & M4;\ . . . ! ' ' Wa Mareen snd sltve wg(dliie 30 i
' o L o . _. ' 1
' \ Bs _1.'1 , . . Ma Blach albizecus muditond sad shale 1IN jealatied Vimitane edu {n wper Lacileaa af @il u.ﬂn »—"ﬂ...l\
a” . . voed s ™)
LI *
! i LI ) M Pech-pay Jiay chect BN msascis) midliers Lo bud frubite wal
« 35 ] na Pade-e)ime arplilile; pumd1Y 2arnClwre At Mgk
i Ha H) lemeat ahelns sa¢ MrgiitiLg wich Day tn antcdet b Mgd
Wa Ridtemeliod-pray thart «idd b idlbod sl - fal
_a e Porase and nlins argtllsng Sins (gl
L
T PO T . Shaib ¢ Isburne/
1" \\ﬁ. _ﬁ Uy \.w PR ET Ba Al abiicedus museiana aan whals WiIR [hghe-gray |imnstans (alorvesiag a1 {aur
(T8}
a Me Akack 3b]scnane Shulen sad chdrl with «asa )lay bedy Blacd 10 sdurma/
CMENG Ling Babry Taclay
Howard Pass
e 1M -gr1) Qart WD 7)1 }/10 and mtuiess $utepad
1:250,000 @p Sighe-pres |hatiims Lolardedtod MWD ATecd Bt uswr Bhele énd Coert Dlach L hivecmet

Ankrs foc bos



Appendix A

Tables of semiquantitative spectrographic analyses of rock, soil,
and stream~sediment samples.
Abbreviations: R - Rock sample
SS - Stream-sediment sample
S - Soil sample
Abbreviations are listed in lefr-hand part of column

marked Tag. No.
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