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ABSTRACT

The high cost of imported cement and the strategic advantages of a local
source of supply for the military establishment have led to a growing interest
in the possibility of cemenf manufacture in interior Alaska., A plant location
in the Alaska Railroad belt seems desirable in view of the advantages of rail
transportation and the ac¢essibility of the principal interior markets.

A cement manufacturing operation would require essentially four types of

raw materials: 1) calcareous material, 2) argillaceous material, 3) fuel and

4) gypsum,

The relatively favorable location of limestones near Windy station on the
Alaska Railroad has led to the investigation of the potential raw materials
which would be available to that region.

Three limestone deposits of commercial size occur in the Devonian rocks of
the Alaska Range in the Windy Creek area, Two appear to be of suitable chenical
charécterc They are located approximately 7 and 11 miles»west of the Railroad
respectively.

Twenty-four deposits of various types of argillaceous materials in the Healy
River and Windy Creek areas have been sampled and analyzed chemically,

Sufficient and presumably suitable fuel for a potential cement operation
appears to be available from the coal mines in the Healy River area.

Gypsum occurs at Sheep Mountain, 120 miles southeast of the Windy Creek
area, Potentlally sufficient tonnages are available to meet the requirements of
a cement plant, but little has been done to develope the deposits,

The raw materials now available probably would be suitable for type I cement,
although the alkali 1limit probably would be exceeded if no means of beneficiation

were employed,



INTRODUCTION

It is'generally conceded that the normal economic development of interior
Alaska is being seriously retarded by the high cost of construction materials,
This condition is dué primarily to the costs involved in the thpbitation of such
materials from west coast mources of supply. Cement, which is an essential
material in modern construction, is one of the imported commodities thus af-
fected., As a result, the price of cement in many areas in the interior is
several times greater than the west coast price.

Aside from purely economic considerations, the necessity of importing
cement is an obvious disadvantage to the military establishment, in view of
Alaskats position in Western Hemisphere defense.

The increased demand for construction materials owing to the rapid growth
of the population and the accelerated military activity in the Territory in
recent years has resulted in considerable interest in the possibility of the
manufacture of cement in interior Alaska. |

In view of the advantages of rail transportation and the accessibility of
the principal markets of the interiér, a plant location in the Alaskan Railroad
belt has seemed most feasible, if the proper raw materials were available,

The raw materials required

Stated briefly, portland cement is made by sintéring a finely ground mix-
ture of calcareous and argillaceous materials to form hydraulic calcium sili-

cates. The calcareous materials in general use in the U, S. at present are:

limestone - coquina
marl | alkali waste
chalk



The common forms of argillaceous materials include:
clay slate
shale ; ashes
blast furnace slag

Coal is the most widely used source of heat for sintering, although fuel
oil and gas are also employed,

A small percentage of gypsum is added to the sintered product to control
the rate-of-set.

Four principal raw materials therefore are necessary to the cement manu-
facturing process: 1) calcareous material, 2) argillaceous material, 3) fuel
and 4) gypsun,

In the manufacture of certain types of cement, a high silica or high iron
component may also be required to offset chemical deficiencies of the argilla-
ceous ingredients,

Previous ihvestigations

The only known sources of calcareous material for a potential cement oper-
ation in the railbelt consist of a relatively few occurrences of limestone.
Some of the most accessible deposits are those in the vicinity of Windy Creek,
west of Windy station.

The relatively favorable geographic distribution of deposits of the other
principal ingredients in relation to the Windy Creek area has led to the invesw
tigation of the raw materials available to that region,

Limestone was first mapped in this area by Moffit (1915, p. 24) and Capps
(1932, pp. 247-256) during reconnaissance geological surveys, In 1931 Waring
(1947, pp. 5-18) briefly examined and sampled four exposures of limestone a
short distance west of Windy, The first detailed geologic work undertaken in



this area for‘the-specific purpose of investigating cement raw materials was
carried out by Cobb and Flint (manuscript report in the files of the Geological
Survey) in 1947. ILimestone outcrops located between the railroad and ILittle
Windy Creck (see fig. 2) were mapped and sampled and argillaceous deposits near
Suntrana wvere investigated,

In 1948 the U, S, Bureau of Mines began a core-drilling program on one of
the limestones mapped by Cobb. This work is still in progress .

R. E. Fellows of the Geological Survey made a brief field investigation in
1949 to integrate the drilling data with the geologic studies and to sample
deﬁosits of argillaceous materials in the Windy Creek area,

Present investigation

A preliminary study of the resulis obﬁained through the previous investi-
gations indicated that the larger limestone deposits in the immediate viecinity
of Windy are not of uniform chemical character, Although this condition might
not preclude the use of certain portions of the deposits, difficulties in
quarrying probably would be encountered. In July, 1950, the Geological Surfey
undertook a reconnaissance of the Windy Creek drainage basin west of the area
previously studied, the principal objectives being 1) to locate limestone de-
posits of more uniform character and of sufficient size for a potential cement
manufacturing operation and 2) to sample the more accessible deposits of
argillaceous material, The present writing represénts a progress report on the
Geological Survey's study of the potential ceﬁeﬁt raﬁ materials available to the
Windy Creek area. It includes a considerable amount of heretofore unpublished
data obtained by the earlier workers mentioned azbove in addition to the results

of the 1950 investigation,



GEOGRAPHY
A1l of the principal limestone deposits under investigation are located
within the Windy Creek drainage basin. However, it will be necessary to refer
to deposits of supplementary rav materlals Whlch are to be found at sone dis-
‘ba.nce f'rom the Wind’y Creek érea. | ' ' |
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The easte:’n portion of the W1ndy Creek area 1s acce531ble by rail and air,

Windy is located 212 miles by rail from Anchorage and 144 miles from Fairbanks,
Scheduled airline’Sefvice t§ both cities is available from Surmit, 15 miles
south of Windy, A smaller airstrip at Cantwell, 7 miles southwest of Windy,
‘will accommodate single engine craft,

Road construction which will link Cantwell and McKinley Park with the
Richardson Highway is now in progress, Upon corripletion of this work in 1953,

the eastern part of Windy Creek area will be accessible by paved highway from
Anchorage and Fairbanks, It is estimated that the distances to these two

cities by road from Cantwell will be 425 and 325 miles respectively.
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Figure 3. Eastward view of the Alaska Range and the valley of Windy Creek,

The valley of the Jack River is showm in the background,
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GEOLOGY

General statement

Bedrock in the Windy Creek area ranges in age from Devonian to Cretaceous
;and inclgdes a wide variety of sedimentary rocks which have been metamorphosed
‘and in some localities, intruded by or intérbedded with igneous rocks., In
‘general, the older rocks crop out along the southern slopes of the Alaska Range

with successively younger beds appearing in the foothills ﬁo the southeast,.

. Pleistocene glaciai deposits and Recent alluvium cover the bedrock in much of

the lowland areas, particularly in the southeastern portion of the region,
Devonian rocks
Most of the area drained by the headward portions of Windy Creek is occupied
by metamorphosed sedimehtafy rocks wﬁich ére primarily Devonian in age. They
comprise argillite, shale, limestone, conglomerate, quartzite, and greenstone
named in the approximate order of their ébundance. From the standpoint of this

report the unit outstanding interest in the successioh of Devonian rocks is a

. massive, dark gray limestone which crops out in northwestern part of the aresa.

* It has been correlated with similar units in other parts of the Alaska Range

which, on the basis of fossil evidence, have been determined to be Middle
Devonian in age. The Devonian rocks have been intricaﬁeiy folded and faulted
such that the age relationship of thevvarious units is obscuie,»but.it is probe
able that their total stratigraphic thickness amounts to several thousand feet,
South of the area of Devonian rocks and iﬁ fault contact with them is a
belt of Jurassic(?) rocks about five mileé in widtﬁ. It comprises chiefly shale

and conglomerate with lesser amounts of argillite and graywacke., In most places

the' Jurassie(?) rocks have been closely folded, crushed and faulted. Fossils



have been found at only one locality and have been determined to be either
Jurassic or Lower Cretaceous in age. Although in the Windy area the Jurassic(?)
rocks are quite similar in appearance to overlying Cretaceous units, Capps (op.
-eit., p. 263) has correlated them with rocks west of the Windy Creek a?ea which3
are probably Jurassic in age.

So little detailed work has been done in this area that the total thickness
of the Jurassic(?) rocks cén only be roughly estimateds The relief and extent
of the outcrop area'woﬁldwindicate the total thickness to be in excess of 5000
feet, |

Cretaceousvrocks SGantwell formationz

The Cantwell formation of Upper Cretsceous age is found only im the extreme
southwestern and northeaéfern‘pafﬁé of the Windy Creek area, The formation in-
cludes a variety éf clastic sedimentéry rocké ranging from coarse conglomerate-
to sandstone and shale, THEVEOarse naterial is generally found in the lower
parts of the section although there are many local variations in the strati-
graphic sequence. The Cantwell strata are locally d%formed, particularly in
the areas of extensive fgﬁlting, for the most part but their structure is somea
what less complex than that of the older strata in the Windy Creek area,

-~ The total thickness of the Cantwell formation has been estimated to be 4000
feet, although probably not mére than 1900 feet is exposed_in,theWWindy area.
o jIggeous rocks

The hills immediately west of_Canthil afe composed of basic lava flows
and associated fragmental materials wﬁich»may Be Triassic in age,

The sedimentary rocks in the nbrthe:n and southwestern parts of the Windy

Creek area have 'been intruded by coarse-grained granitic rocks of Tertiary agee



A variety of small dikes and sills of unknown age, which vary in composition
from diabase to tranite, intrude the Devonian rocks of the Alaska Range and a sime-
{lar assemblage of intrusives cuts both the Jurassic(?) and Cretaceous rocks of
the Windy Creek area.

Quaternary deposits

The effects of intense glaciation during the Pleistocene epoch is every-
where in evidence in the Windy Creek area. In addition to the great modification
of land forms, unconsolidated glaecial and glaciofluvial deposits cover the bed-
rock in much of the lowland areas. Terrace gravel is quite common particularly
in the valleys of the larger streams in the southeastern part of the region,

In Recent time, many of the Pleistocene deposits have been reworked. The
larger glacial-fed streams are depositing iceweroded debris in wide, braided
flats below the termini of the glaciers high in the Range.

Structure

The Alaska Pange extends in a great arc fram the Canadian border to the
Alaska Peninsula with the Windy Creek area being located about midway along the
arc. ‘ | .

Present evidence indicates th;t in general the Range is of synclinal char-
acter, In the Windy Creek aréa the major structural feétures of both the
Paleozoic and Mesozoic rocks are oriented in a northeasﬁ-séuthwest direction,
parallel to the regional trend of thé axis of the Range, o

One of the principal structural features is a greét fault zone thch follows
the trend of the Range along the Windy Creek valley., Its trace is marked by a
line of iépogréphic depressions, springs and swamps. Displacement in the zone

of faulting has brought the Devonian rocks in contact with the Mesozoic rocks,



Soxlittle_detailed geologic work has been done in the Windy Creek area that
an entirely satisfactory interpretation of the structural conditions cannot be
made, However, to present the problem in greatly over-simplified terms on the
basis of the data now at hand it appears that the intricate folding and faulting
of the Devonian rocks are superimposed upon an anticlinal structure whose axis
lies between Windy Creek and the crest of the Range, The southern flank of the
fold is terminated by the zone of faulting, Northward from the fault the pre-
vailing dip is at a steep angle southeastward. As the crest of the range is
approached the intricately folded strata stand nearly vertical with steep north-
westerly dips appearing in a northward direction,

_ Adjacent to the fault zone on the south, the Mesozoic beds dip steeply
southe#stwar@ giving way in a southerly direction to a reversal and moderately

northward @ipping strata,

CEMENT RAW MATERTALS
Calcareous matérials
Since the occurrences of calcareous material in the Windy Creek area are
relatively few in cohparison to the other raw materials required, the deposits
of limestone will be tfeated in somewhat greater detail than those of the sup--
plementary constituents. |
The only calcareous naterials known to occﬁr in the Windy Creek area in
quantity suitable for cement purposes are the Devonian limestones outcropping
along the southern flank ofﬁthe Alaska Range, Limestopes_of variable thickness
and character occur in sevefal‘areas between the fault zone and the crest of the
Range (See fige. 2)« Three brinéipél iimestoﬁe éeposits have been examined in -
detail, | R
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Iimestone deposit 1

General description.,--Deposit 1, which was mapped and sampled by Cobb in
1947, occurs on the south side of the ridge between Bain and Windy Creeks (See
fig, 2 and 4)., Outcrops of the limestone are found from elevations of 2610 to
3210 feet, or heights of about 465 to 1065 feet ébove the level of the railroad
at Windy Creek.

The limestone is very dense arnd in geueralbis extremely finemgrained in
texture, It is dark gray to black in color on fresh surfaces, weathering to
lighter shades of gray and buff, The strata have been thoroughly shattered by
inténse dynamic metamorphic action and the rockvis feticulated by calcite vein-
lets, In many instances the original bedding of the limeétone is obscured by
secondary structural features to such an extent that the rocks have assumed a
massive character, devoid of any layered structure. The 1imestone body as a
whole strikes about N. 73 E, and dips about 65 southeéstﬁard, Exposures are
found intermittently over a lateral (east-west) distance of 8000 feet, Drill
holes through the central portion of the deposit indicate an average thickness
of 500 feeta

Deposit 1 is terminated on the south by the fault zone whose strike and dip
coincides with that of the limestone. Where penetrated by drilling the 1imestone
is underlain on the north by greenstone; | o

Sampling.--Fifteen samples were taken across exposﬁres of deposit 1., The
locations are shown in figure 4. The material was collected along lines normal
to the bedding. Each sample consisted of'freéh chips taken'at eight inch inter-.
vals. Results of the chemical analyses of the’Samples are given in Table 1.

Core-drilling,--A core-drilling program to determine the sub-surface cone

tinuity and extent of the deposit was begun by the U, S, Bureau of Mines in the
fall of 1948, By July 1950, seven holes totaling 1712 feet had been drilled

11



and preparations were being made to p&t’down additional holes, The locations
of the holes drilled prior to 1950 are shown in figure 4.

Reserves,--The portion of the deposit between the lateral limits of the
drilling and extending from the surface to the plane containing the drill holes
is estimated to contein approximately 15,000,000 tons of limestons, Since the
lateral dimensions of the deposit are considerably greater than that included
within the limits of drilling the inferred reserves are considerably in excess
of the figure given above,

Limestone deposit 2

General description.-~The belt of Devonian rocks widens appreciably south-

west of Little Windy Creek. Iimestone beds occur intermittently throughout the
stratigraphic section, interbedded with shale, argillite, slate, conglcmerate,
quartzite and greenstone.

‘ The largest body of limestone south of Windy Creek crops out along the
crest of a hill south of the West Fork of Windy Creek (See fig. 2, 5, and 6).
Limestone outcrops are found from elevations of approximately 3075 to 3600 -
feet or 930 to 1455 feet above the level of the railroad at Windy Creek., The
western 1imit of the deposit is about 7.2 miles from the railroad via Windy -
Creek and the tributary which drains the south slopes of the deposit. Out-
crops of the limestone comprising deposit 2 are shown in detail in figure 5,

_TheAphysical appearance of the limestone in'deposit 2 is very similar to
that of deposit 1. The original bedding has been almost entirelykobscured but
where discernable the strata dip 70° southeastward and the strike coincides
with the regional trend of sbout N, 70° E. The thickness of the deposit

averages 300 feet over a lateral distance of about 4800 feet,

12



€T

Table 1. Chemical analyses of surface samﬁles from limestone deposit 1

Sample no. HC1 insol. Rp03 Ca0 MgO co, 1/ Pa05 2/ Total
53 .76 26 b6 9.66 4537 N2 100.35
54, 96 .18 47.08 7452 45.07 02 100.83
56 138 25 Wbdb 7.6 45415 W3 100,93
58 _ o8 .18 5192 3.2 YAy .02 10054
59 2 2 49426 haOk Mag L0 99447
60 76 26 L oBL 0.04 | b - W01 99.35
61 | 1.9 o2 46406 7.64 L4et0 Nul 100.29
62 - Lo 12 19432 5,30 44437 0l 100,16
63 .80 2 46,50 7.92 5.0 .0 100,47
64, 4490 o2 52.58 .68 42,0/ Ol 100,45
65 86 430 51,96  1.02 4261 0L 100,76
66 2.8, 30 53.22 1.05 42.8L .01 100,26
67 2e42 20 51.96 2.33 44,404 01 100,96
68 1.78 022 53424 1.58 43452 Nl 100,35
69 1.72 .18 52420 2442 4343 .01 99.96

1/ Calculated from CaO and MgO

g/ The P205 may be less than 401 percent, but was present in appreciable amounts and was designated
a8 being .01 percent,.




Deposit 2 is situated north of the fault zone in much the same structural
setting as deposit 1, and probably represents a stratigraphically equivalent
unit, However in this instance, vertical displacement along the fault has been
somevhat greater, such that beds of red, green and yellow calcareous argillite
are exposed between the fault and the limestone, Dark, chert conglomerate crops
out beneath the limestone on the north., A series of dark shales and relatively
thin beds of limestone are found in a northerly direction from the crest of the
hill to the valley of the Vest Fork of Windy Creek., None of the thinner lime-
stones appear to be of economic interest and none have been included in deposit 2

Sampling,.--Samples composed of fresh chips collected gt five foot intervals
were taken along lines normal to the strike. The locations are shown in figure
5. Results of the chemical analyses of these samples are given in Table 2,

Reserves .~-0n the assumption that the deposit would average 300 feet in
thickness over a lateral distance of 4800 feet, it inferred that a quarry 100
feet in depth could remove about 11,000,000 tons of limestone,

Limestone deposit 3

General description,--Deposit 3 is located in the northwestern part of the
Windy Creek area, in the headwater region of the West Fork of Windy Creek (see
fig. 2, 7, 8 and 9) and comprises the thickest of the Detonian limestones, It
was first mapped and described by Capps (op, eft., p. 253) who had traced the
éalcareous strate from the head of Windy Creek westward along the crest and
southern slopes of the Alaska Range for a distance of aboui 20 miles,

In the Windy Creek area, the limestone occurs in a steep, serrate ridge
which is intersected by the valley of the West Fork (See fig. 9), Exposures
are found from an elevation of 2950 feet in the floor of the valley of the West

Fork, to the ridge tops both east and west of the creek, The lowest outcrops



94

Table 2, Ch%al

of samples frga :wnesto&.&mit 2 o

Sample no. Si0,  Alp04
30 1.4 .00
32 1.5 .30
34 1.4 .30
36 2.2 2.4
38 1.5 A6 43.1 100

39




Figure 6. View westward along the crest of the hill south of the West Fork

of Windy Creek., Outcrops of limestone deposit 2 are showm on

the left,
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are approximately 800 feet above the level of the railroad at Windy Creek and
are 11l.4 miles west of the railroad via Windy Creek, Bedrock in the lower perts
of the valiey are concealed by soil and taius in many localities, while on the
steeper slopes the strata are generaliy exposed.

The limestone in deposit 3 is very dense and fine-grained in texture,
Some specimens exhibit a conchoidal fracture, Fresh suxfaces are darﬁ gray to
bluish gray in cdtor. Calcite reticﬁlation is abundant, The calcareous strata.
are folded and contorted, but in some localities particularly in the lower parts
of the valley of the West Fork, the degree of shattering appears to be somewhat
less than that encountered at depésits 1 and 2, Although great variation is
noted in the attitude of individual beds'the limestone body as a whole probably
stands nearly vertical., The prevailing strike is about N, 65 E, The intricate
folding has undoubtedly caused a repetition of bedding so that the thickness of
the unit .can only be roughly estimated. The width of the outcrop area in the -
valley of the West Fork indicates a stratiéraphic thickness of about 2000 feet,

To the north the limestone is succeeded.by slate, shale and thin beds of
limestone :which dip in a northerly directioﬁ. Shale and conglomerate which dip
steeply soutpwand are the predominating roéﬁs-cropping out in a southerly direc-
tion from the liJnestoriie. 4

Sempling.--Samples consisting of fresh chips taken at five to 30 foot
interfals were céllected along lines both normal and parallel to thé trend of
the depoéit. The locations of the lines and samples are shownbin figure 10 and
the results of the chemical analyses are given in Table 3,

Reserves,-~-Only a relatively small part of the total outerop area could be
sampled in the timelallotted for the investigation in 1950. The portion within
the area sampled is considered to have a lateral (east-west) extent of about

4000 feet and to include a stratigraphic thickness of 1500 feet., The eastern

17



limit of sampling is assumed to be 1200 feet above the lowest exposures in the
creek valley. Using the above criteria it is eétimated that the ridge east of
the West Fork fontains about 290,000,000 tons above the level of the creek.
Other limestone deposits

Several deposits of limestone occur in the Windy Creek area in addition
to those déscribed above, They have not been dealt with in detail due either
to their restricted size, unfavorable chemical composition or a lack of detailed
information concerning them, One such deposit €rops out in the valley of Iittle
Windy Creek about one half mile northwest of deposit 1 (Cobb, op. cit.)e The
physical appearance of the rock is similar to that of deposit 1., Two éamples
consisting of fresh chips collected at 15 to 25 foot intervals were taken across

the deposit, Results of the chemical analyses of the material are given below:

Sample C 55 Sample C 56
Ins 01' ' 3 .88 a 2.64
Ca0 52504 . 5On14
MgO 166 . T v n3.98
: COé ' 42456 43,86
PO . ' .
2% 05 o1

Cobb estimates this deposit to contain 10,000,000 tons inferred.

Several other smallef limestone bodies east of Iittle Windy Creek probably
contain a total of several million tons but they have not been investigated in |
detail. |

Tﬁo felatively thin limestone beds outcrop intermittently along the

valley slopes on the north side of Windy Creek west of Little Windy Creek,

18 -



Figure 7. Northward view of the headwater region of the West Fork of Windy

Creek, Limestone deposit 3 outcrops on the ridge toward the

foreground,
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Figure 8, Northwestward view of limestone deposit 3, showing outcrops north

and west of the West Fork of Windy Creek.
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Figure 9. Eastward view of limestone deposit 3 from the valley of the West

Fork of Windy Creek.
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Table 3. Chen;g:g@ analyses i&'
Sample no, 510, Al 2O3 Fezgff ’ ]'ﬂss Total
491 7.1 2.3 .19 e 100
492 3.5 2.3 .78 101
493 2.1 .80 e32 101
49, 8.6 2.5 .80 101
495 642 95 o0 101
496 5ed 1.1 L6 101
497 6.0 A W45 100
498 25.5 56 2.1 100
499 6.6 1.1 41 101
501 3.2 31 .34 100
502 7.9 1.3 .85 100
503 5.2 80 .78 101
504 5.9 1.0 64 99
541 3.9 .59 19 100
54,2 2.7 .29 19 100
54,3 242 00 18 100
544, 2.2 W21 .30 100
545 3.0 .83 30 100




€Oy . trace  trace trace 0.10 0.2

Loss on Ign. 2,09 13,98 10,00 18,82 11.45
H20 (220°C) * 5091 1094  5.21  4eh2 6492
Gypsum (calc, from sol, 503) 3041 54670  24.63 23,94 33.71
Alunite (calc, from insol, 803)‘ 28,71  nil., 0,96 23.81 1.55

K alunite (calc. from K,0) 7,02 nil, 0,70  9.65 0.35
Na alunite (Total alunife-K alunite) 21.69  nil, 0,26 14,16 1,20

Fifty-seven line and pif samples of gypsiferous rock from six principal
deposité on Yeiloﬁjécket'ahd Gypsum,Gulghea.average 29,3 percent gypsum. Eckhart
has estimated these'deposits to contain 310,000 tons indicated, or 348,000 tons
inferred ore;' |

Development work‘coﬂsisfs of truck roads from the Glenn Highway to the
mouths of Yéllowjacket and Gypsum Gulches and a road to a nearby proposed mill
site., A small calcining plant was erected in 1947 and 50 tons of calcined
material was producéd. The work was done by the Alaska Gypsum Products Co.,
which leased 1, claims held by the Alaska Gypsum Queen Corp. No production has
taken place since 1947,

Apparently considerable beneficiation of the ore is required due to the
admixed greenstone. Further exploitation of the deposits probably will be cone
tingent upon the development of a satisfactory method of ore beneficiation,
Whether or not the tonnaged required by a potential cement operation would be

suffi¢ient incehtive to carry out further development work is open toAquestion.j'

B ' SUITABILITY OF THE RAW MATERIAIS .
ih? suitability of the raw materials insofar as it pertains to the geo—
logic p@ase of the problém wili be paftiaily dependent upon such matters as
structire, 1lithology, éiéé and aécessibility of the deposits which have been
discussed above, The chemical fitness of the raw materials will depend to a

large extent upon the type of cement to be manufactured,
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is‘situatedkéﬁbut onéﬂmile north of the Glenn Highway, and approximgﬁely 60
miles via the Glenn Hiéhway‘from Sutfoh, the nearest poinf on the Matanuska
Valley spur of the Alaska Ratlroad. B

;The principal ore deposits, located on Yellowjacket and Gypsum Creeks, are
composed of gypsiferous rock formed during the hydrothermal'alteration of the
greenstone country rock, Eckhart (in preparation) has given a detailed descrip-
tion of the deposit, which is summarized below: 7

"The deposits are closely associated with dikes and although their shapes
. are irregular, at least to some degree, shépé is éoﬁﬁrolled by the attitude of
the dikes and the enclosing greenstone, Massés of quartz-sericite rock and
greenstone, ranging from less than a foot to fené of feet in size, are found
within the deposits. Their presence is uhpredictable. Thesé masses are intri-
cately cut by small stringers and pods of gypsﬁm. Pyrite is abundant in many
of the greenstone masses. The change from greenstone to relatively high grade
gypsiferous rock may be abrupt and take place within a few inches. A narrow
limonitic zone usually separates the’greenstone from‘the gypsiferous rock. The
change from greenstone to gypsiferous rock may also be gradational through quartz-
sericite rock." |

Chemical analyses of five representative samples of‘the gypsiferous rock

are given below:

Sample No, D1-10 D2-1 D2-17 D2-19A D2-193
SiOg Insol, ) 55064 44-070 700% 62.50 63075
F6203 éTOtal) 1.48 1«35 1069 2065 ) 1047
Al Total) 14.¢27 9.31 15.59 1lh.2% 12,29
CaO (Total) 9.90 17.54 = 8.46 742 10,65
MgO (Total) 0.09 0,11 0,04 1,57 0,09

fb (Acid sol.) LA 25,43 11,45 11.13 15,67
S0 (Acid insol.) - 11.08  nil. 0,37 9.19 0,60

0,80 0,04 0,08 1,10 0,04
Nazo* 1.48 0,14 0,30 1,20 0.10
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Cal ) : 1407

SGS : 5¢2
710, N |
PO .
25 ?
Na_O0+X O 202
27 o —=

Total ‘ 100,0

The Suntrana coal is classified as sub-bituminous B and C, according to
A 5.T.M, Standards. |

The lapest figures available (Minerals Yearbook, 1948) show that 150 cement
pPlants using both wet and dry processes consumed an average of 122,3 pounds per
barrel (376 pounds) of cement produced and that power consumption averaged 22.2
kilowatt-hours per barrel. The heat value of the Suntrana coal is probably sube
stantially less than that of the avefage coal in us; in U, S. plants at present
so that fuel consumption of an operation utilizinngealy Rivér coal would be
expected’to be somewhat higher than the average fiéures given,

Production facilities in the Healy River field appear to be adequate to
meet the requireéments of a potential cement operation, and the coal réserves
in that area are relatively high, Wahrhaftig (op. cit., P. 7) has estimated
the reserves of minable coal to?be 850,000,000 tons, of which_Lé0,000 tons could
be strip mined, o

The burning characteristies of the coal on the effect of its various ash
components probably could be determined only by kiln tests,

Gypsunm |

The only gypsum deposit of commercial size in interior Alaska is located

at Sheep Mountain, about 85 miles (airline) northeast of Anchorage. The depoadit
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In 1947 Cobb and Flint sampled a number of clay and claystone'deposits in
the vieinity of Suntrana,

Windy Creek area '

In 1947 Cobb sampled a Jurassic(?) shale which crops out élong the right-
of-way of the Alaska Raiquad onegnile southeast of Windy Creek.

In 1949 Fellows sémpled several deposits of Jurassic(?) claystone which
crop out in the valley of Little Windy and Windy Creeks, Additional samples
of shale were collected along the railroad south of Windy Creek,

Six deposits of argillaceous material occuring in the Windy Creek area were
examined and sampled during the 1950 investigation., Five -arg found in the
Devonian rocks and one in the Jurassic(?) rocks.

o , -

Coal would be necessary in the cement manufacturing process for kiln heat
and possibly to‘8upply power., The fuel source nearest to the Windy Creek area
is the Healy River coal fields At present one underground mine and three open
pits are in operation, Ali ére accessible to the Alaska Railroad via the Healy
River spur (See fig. 11). |

Analyses of five coal samples from the New Suntrana mine of the Healy River

Coal Corp., gave the following average results (Selvig, 1944, p. 668):

Ash ' 10,2 percent
Sulfur | «3 percent
B.t,u. per pound 8354«
Ash-goftening temp, 2332 F.

Chemical analyses of the ash gave the following average results:

Sio 42,9 percent
A1293 23,0
F6203 5:3
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Table 5. (Continued)

Sample no. 510,  A1,0, Fe,0, Mg0 Ca0 Na,,0 Y/ xzol/ PO, v S0,  Ig. Less
302 TI0 9.8 5ul 251 .90 5 U3 55 22
304, 7059 13.37  6u3 272 W51 57 30 420
305 70,91 1373 6,09 240 A0 W46 .37 .35 475
307 648 16,63 6,71 176 . 1.59  2.53 61 12 4a58
308 €458 1637 5,07 456 166 1.16 72 .10 5425
309 6185 1815  7.28 3.80 .81  1u2 .65 15 5,27
310 6061 14T 6,60 5.60 3,20 125 .70 28 6.5
311 62,90 1775 Tk 4el0 96 1.5 .68 07 47
318 01 1594 406 293 -4l .28 .2 ST 485

6 624 U8 48 L9 38 .85 2.2 L 7.9
17 64,2 168 57 L3 2 W9k 2.4 1 5.9
26 62,9  17.9 6.0 13 1.0 &L 2.7 13 646
43 .8 11.2 43 21 199 1.7 1.5 L 16.9
45 47.6 12,6 42 2.6 145 1.2 2.2 12 19 142
48 69.3 L7 - 3.8 .80 72 W90 26 11 .99 544
51 Ghoh 156 6.0 2.0 1.0  1u 2.7 .15 o34 b5
52 5846  lhek 81 2.2 51 W95 1.9 09 .83 8.8

1/ Determined by flame photometer

All other determinations by rapid colorimetric and titrimetric procedures



Table 5. Chemicél analyses of argillaceous materials from the Healy River and Windy Creek areas

Semple no.  S10, Al,0; Fey0, Mg0  Ca0 M0 g0l P2051/ S0,  Ig. Loss

c1 60,61  15.74  T.8L 4e59 1,17 9L 59 .20
c 2 62.00 16,36 7,38 5.5 1.20 .97 75 : .21

0394 5750 1700 715 2.42 203 194 257 ' 9.15
C39B 5744 17,8 7._.43 2.25 2,02 1.81 2,82 . o 8,63
C39C  55.83 1709 879 2,30 1.5 107 263 ' 10,04
C39D  59.26 15.8 791 1.69 1.2 1.5 2,6 . o 9456
C 39E 60,36 16._80 6,65 1.4.;7 1.42 84 2611 9,51
C 40 61075 17020 5.08 2432 1.47 156 2,40 8,46
CALA  61.56 15,60 7,05 172 .80 o1 2.8 9,04
CALB 59,96 15.8,  7.36 1,61 .98 46 3,03 8,67
CL1C  59.98 16,05 7.3 1.69 1.00 Sl 346 9.26
CALD  59.98 1601 TSl L7695 W4 330 9%
CALE 6103  15.87  7.26 1.62 84 40 335 . 8,78
C 42 70.83 1079 5,05 1.35 .94 .83 2,02 6.1
C 43 €9.96 12,16  6.51 L5160 .28 - 1.2 7.87
C4h 6017 16,40  6.93 1.94 .16 96 2.8 8.97

C 45 56,02 17,23 8,08 2.27 1,61  1.29 2,53 9.79
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Sample No,.

307

308
309

310
311
318

17
43, 45
. 48

51
52

Date collected

Table 4. (Continued)

Attitude of

Description beds
1949 Black, sandy claystone; somewhat N 60 E; 85 SE
platy with limonite on cleavage
faces,
1949 Black claystone N 70 E; 55 SE
1949 Dark gray, platy siliceous clay- N 62 E; 55 SE
stone
1949 Dark gray, siliceous claystone N 50 E; 55 W
1949 Black, siliceous claystone N 70 E; 67 W
1949 Dark gray, sandy claystone, iron N 60 E; 60 SE
stained.
1950 Black, crumpled shale N 75 E; 80 W
1950 Brown to black, crumpled shale E $ 70 SE
1950 Black shale and slaty argillite N 80 E; 75 SE
1950 Red, green and yellow mottled N 50 E; 70 SE
slaty argillite, locally cal-
careous .
1950 Black shale N 55 E; 20 SE
1950 Black, slaty argillite N 74 Wy 808
1950 Black shale N 38 E; 35 SE

Estimated
Stratigraphic ton.nage
thickness available
20 10,600
50 67,000
25 19,500
60 37,000
45 16,000
70 77,000
400 100,000
100 40,000
100 40,000
200 450,000
140 130,000
400 300,000
100
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Table 4: Summary of data pertaining to argillaceous materials
Healy River arca

} Estimated
= v Attitude of Stratigraphic tonnage
Sanple No, Date collected Description beds ' thickness available
Cc 39 1947 Claystone 59
C 40 1947  Clay 3
C 41 1947 Claystone and clayey siltstone 56
C 42 1947 ~ Clay, grab sample
C 43 1947 Clay
C A4 1947 Claystone 12
C 45 1947 Clay
Ccl, C2 1947 Shale N 80 E; 35 N, 10-20
Windghdbeelcdren
302 11949 Dark gray, fine-grained sandstone N 55 Ej 55 SE 10 6,500
- - with pyrite in small cubes and
irregular grains,
304, 1949 - - Gray, argillaceous sandstone and N 55 E; 55 SE 145 266,000
: claystone with small carbonate
veinlets and pyrite cubes. v » .
305 1949 Black, platy, siliceous clay- N 55 E; 55 SE 50 163,000

stone; limonite on cleavage
faces,



Neither is continuous for an appreciable distance along the strike due to
lateral lithologic variations as well as fault displacement., One chemical
analysis of line sample across the thickest portion of one of the beds (see

fig, 2) gave the following results:

Samgle 5
SiOh 4«3 Percent
A% .
F8203 05
MgO 15.8
: Cal . ' . - 3ok
NazO .
K50 ol
P205 2
Ig. Loss bdvods
- Total - 99,90

Argillaceous materials
Several types of argillaceous materials occuring in the Healy River and
 Windy Creek areas were examined during- the 19/47-1950 period as'possiblevsources
of cement ingredients. A brief description of the various lithologic types is
included in Table 4, which summarizes the results of the inVestigaﬁioﬁs; The
locations of the deposits are shown in figures 2 and 11 and the chemical
~analyses of the samples are given in Table 5,
Healy River area
The geology of the Healy River area has been discussed in detail by

Wahrhafiig and Freedman (mimeographed report). The coal-bearing formation

of Tertiary age in which argillaceous materials under consideration occur, con-

-sists chiefly of sandstone, conglomerate, siltétohe, claystone, clay, shale and

coal,

2
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Table 3. (Continued)

S_{ozf A1203 FeoO3 MgO CaO Nas0 }_/ K20 ..]:/ P205 1-/ 803 Iz, Loss_ Total

Sample no,
546 5.9 69 A0 16 50.3 .37 a1 .01 33 4047 100
547 43 1.9 27 11 507 .32 .10 .01 30 4246 101
54,8 4a2 1 19 1.2 51,0 .28 .09 .01 J2 4240 100
549 4.0 C1.6 W24 1.2 51.0 .26 .08 .01 13 42.1 101
5410 3.8 79 6 1.0 518 .30 11 Ol 20 4.8 100
5411 L9 1. 1 60 5l W26 08 O 2 413 100
551 16.2 2.5 1.2 1.2 43.6 1.1 31 W09 68 346 101
555 1245 2. 1.3 1.3 45.9 460 47 .0 43 35.0 100
550 164 3.3 2.0 L2 423 .82 62 .04 10 32.2 99
561 6.5 L 4 16 496 3 1 1 00 41,0 100
562 77 6 . W4 13 488 .3 a1 a1 .2 3946 99
563 6.1 1.3 6 19 49.0 .3 2 1 W 40,0 100
564 545 b 205 4945 43 a 1 o2 4103 100
565 42 b .3 11 5L W2 .1 o1 .2 4146 100
566 7.3 b3 1.0 494 o .1 1 .3 40,0 99
. 567 24 .3 2 H 532 .2 o1 A 5 42+6 100
568 L3 oy el 1.3 5240 o2 ol ol .00 L2.2 100 E
%0 s 03 03 8 #3050 4 T S SR

y Determined by flame photometer, A1l other determinations by rapid titrimetric and colorimetric procedures.,
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The argillaceous materials tested to date represent a very minor percentage
of such material available to the Windy Creek area., There are a great variety
of deposits which still warrant sampling. There are vast quanti%ieé of clays,
claystones and shales in the Healy River area which have not been examined.
Clay deposits, probably glacial lake deposits, afe known to occur along the
Alaska Railroad in the'viéinity of Moody. There are aléo large quanfities of
argillaceous material. in the Windy Creek area itself which have not been examined.
It is entirely possible that one or more of these deposits would yield méterial
whiéh would noi require benéficiation of the addition of suﬁpleﬁénfal silica or

irom,
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Limestone deposit 2
A few individual samples from deposit 2 are slightly excessive in magnesia

but the weighted average of the six line samples across the deposit is 1,5 per-
cent, If the composition of the deposits as a whole should approach that of the
weighted average of the surface samples the material would appear to be accept-
able insofar as the magnesia is concerned.

The weighted average alkali content is 0.2l percent which in itself is not
an excessive amount.

Iimestone deposit

The analyses of samples from deposit 3 indicate that for the most part .
the strata are fairly uniform chemically. The average magnesia content ap-
pears to be within acceptable limits. Sample 503 on line 50 however, contains
excessive magnesia which arouses the suspicion that there may be restricted
zones of unacceptable material in that area, On the basis of the data now

on hand it seems reasonable to expect that more detailed sampling ofta drilling
program could delineate an" area of acceptable magnesia content in deposit 3.

As in the case of deposit 2, the alkali content probably would be accept~

able with the proper argillaceous constituents.

The argillaceous materials

In general the magnesia content of most of the argillaceous materials is
within acceptable limits. Nearly all of the materials sampled however, contain
considerable alkali, While the silica, alunina and iron contents of most of the
argillaceous materials would be acceptable for the manufacture of type I cement,
the alumina content would probably prove excessive for type II. This might be
remedied by a flotation process or the addition of a high siliea or high iron

component,
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The chemical requirements for type II include those which apply to type I
and in addition, limits are set on the percentaggs of the simple oxides present
as well as on the amounts of the various synthetic compounds formed during the
sintering process, The percentages of the simple oxides which are present in
the cement will be. directly proportional to the amounts of such compounds con-
tributed by the various raw components., The:percentages of the compleﬁ”compounds
will depend upon the phase composition of the clinker in the system Cal = A1203 @
510, ~ Fe,0; (Bogue, 1950, pe 184)s

In order to determine whether any one raw ingredient wonld be acceptable -
chemically it woudl be necessary to know the constitution of the other ingre-
dients with which it was to be used in a particular raw mix, Dust losses and
ash gain occuring under actual operating conditions would also have to be known.
Therefore it will be possible to discuss the general fitness of the raw materigls
in only a broad sense., .

. Limestone deposit 1 .

-Limestone deposit 1 appears to be ¥dwimost favorably situated for exploita-~
tion, However, it contains zones which are quibte high in magnesia, The distri-
bution of this campound is erratic as will be seen in the chemical analyses of
the surface samples and drill cores. In addition, a comparison of the drill =
core analyses with those of the surface samples indicates that variations take
place along particular beds or zones normal to the strike as well as from one
series of beds to these stratigraphically adjacenty  Figure 12 shows the strati

graphic distribution of the magnesis as determined from analyses of the drill

cores by the Bureau of Mines.

.- It might be pointed out that a large part of deposit 1 has not been ade-. -
quately sampled, It is possible that a detailed investigation‘of other portions
of this limestone body would reveal an area containing more uniform material in

comnercial quantity.
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Table 6. Chemical requirements of A4,5.T.M, specifications

for type I and type II ‘portlend cement.

Type I Type IT
510, (min.l) ' ver 21.0 percent
41,0, (mex.) | 6.0 0
Fezo3 (max.) | cee | 6,0
Mg0 (max.) 5,0 percent 5,0
s, (mx.) X 2,0 "
Tg. Ioss (max.) 3.0 " 3,0
Ins, res. (mai.') | J15 M S
%00 510, (max.) 50,0
2080 510, (min,)
3Ca0 Alej (mai.)_ | .eo 8,0 percent

Brhe maximum limit for SO3 content of type I cement shall

be 2,5 percent wh‘en the 3Ca0 A1203 content is over 8,0

percent,

Note: Federal specifications are the same except that when
the purchaser specifies "low alkali cement”, the
alkali content (Na.ZO#.éSS K20) shall not exceed 0,6

percent,
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Various specifications for standard portland cement have been formulated
by governmental and private agencies (A.S.T.M., 1949, pp. 1-4) for the protec-
tion of the consumer. The specifications usually cover five different types
of cement, each particualr type possessing certain chemical and/or physical
characteristics which may be desirable in various types of construction,
Specifications for the chemical requirements for types I and II, vhich are em-
ployed for general constrqction purposes are given in Table 6,

Of the various oxides‘listed in the specifications, the mégnesia and alka-
lies are considered deleterious in both types an& excessive alumina may be con-
gidered undesirable in type II. These cqmpounds'are usualiy associéted with mice
and other complex silicatésuwhich appear in the raw materiéls as detrital grains
or as secondary metamorphic minerals, ‘

At those localifiés where raw materials contain such undesirable compounds,
flotation cells are usually employed to remoﬁe the offending minerals so as to
attain an acceptable rav mix., This practice has proven particularly successful
in the Lehigh Valley district where metamprphosed limestones are used extensively.

The maximum amount of magnesia permitted in either type of cement is 5 per-
cent so that the total amount of this compound contributed to the raw mix by the
various raw materials cannot exceed approximately 3.2 percent, the difference in
the two figures representing essentially the losses due to ignition during ‘
sintering. | | |

Although no maximum limit is set by the A.S.T.M. on the alkali content of
cements, federal specifications state that the alkali content shall nol exceed
0,6 percent, where the alkalies are considered to comprise the total Na20 plus

0,658 percent of the K.0,

2
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