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STMMARY

As a part of the United Statos Department of the Interior program for the
develovment and use or Alaske rew materials, the Bureau of Mines is conducting
an investigation of deresits of nonmetallic minerals accessiblie to thes Alaske
Railroad for use in tnilding materials in the Alaske Railrcad-belt area, The
results of the investigations, to date, indicate that raw materlals for the
production of brick products are in plentiful supply as clay in the Anchorage
area, as fire clay at Sheep Mountain, and as shale in the Heely Creek coal
formations nsar Healy, Alaska.

Lightweight Aggregate

Shale for the producticn of lightweight aggregate or Heydite occurs near
mile 67 on the Glenn Highway, and preliminary tests give excellent results.,
Physical tests are now in progress on commercial-size concrete building units
made with this aggregate. Another shale deposit in the same formation was
located at mile 16 on the Matanuska Branch of the Alaska Railroad, and pre-
liminery tests give comperable results.

Natural lightweight aggregate in the form of pumice and pumicite occurs in
Katmai Natiomsl Monument and has been used with &cellent results in lightweight-
building units in Anchorsge and Fairbenks. These deposits will be investigated
inu more detail by the Bureau of Mines during 1952,

One small perlite deposit near Healy, Alaske, showed excellent expanding
properties, and the product compares favorably with commercial perlites being
used in the States for plaster and concrete aggregates. Additional investiga-
tion by the Bureau of Mines to delimit the known occurrence and, if possible,
discover others were planned for the 1951 field season.

The pumice frem Katmai National Mcpument also was considered for use as
a pozzolan in pozzolan-bortland concrete. Tests by the Bureau of Reclamation
indicate thet the pumice sample submitted by the Bureau of Mines would bc satisw
factory in strength development but is not outstending,., WNatural activity is
good and is greatly improved by caleination at l,hOOO ¥, Water requirements and
shrinkage also ere satisfactory. However, the material is ineffective In reduc-
ing expansion owing to alkali-aggregate reaction; and, if reactive aggregate is
used to make concrete, it would not insure against excessive expansion. An
attempt will be made during the 1952 field season to delimit pumicite deposits
along the Alaska Peninsula more amenable for use in pozzolan-ytortland concrete.
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Roeck-Wool Insulation

A E——— o At

Because the Railroed belt hue such a rigorous olimate, insulatlon Tor asw
construction is of prime importance. Iuring the Bureau of Mines, investizaticn
of bullding materials all samples were submitted for chemicel analyses as
possible sources of rav meterlals for the production of rock wool, one of the
best insuletion mediums. XYour areas having deposits of the requirved constitu-
ents were located as followsi Anchorage area, with Potter Iimestone and
argillite; Cantwell~-Windy area, with limestone and shale; West Fork of the
Chulitna River arena, with limestone and agrillite; and Eomer-~Seldovia area,
with Seldovia limeetone and Homer clay. It was planmed to take bulk samples
of these formatioms and submit  them for testing during the 1951 field season.

Cement
Investigation of raw materials for the local production of ccment was given
high priority in the Bureau of Mines program, Information from the principal
large consumers of cement in Alaske indicate that Portland cement is specified
for most types of concrete construction, The maximum contont of magunesie in
Portland cement is 5.0 percent MgO, which limits the magnesia in the limestone
to 3.3 percent.

A limestone deposit in the Windy area near mile 323,1 on ths Alaska Rail-
road was drilled and samplsd by the Bureau of Mines from 191#8-50, inclusive,
Analyses of the samples indicate that distribution of magnesia in the limestone
is extremely erratic and that most of the deposit is too high in magnesia
content for manufacture of portland cement. Even the best beds contain sections
in which the magnesia content is asbove the allowable limit. These sections
could not be used unless large tonnages are mined and thoroughly mixed, with
the graude of magnesia closely controlled.

Preliminary samples of a limestone deposit on the West Fork of Windy Creck
near Foggy Pass indicate a large tonnmage of good-grade limestone., The wmagnesiae
content of the limestone is within the limits of that required for the manufac-
ture of Portland cement. This deposit was to be channel sompled during the 1951
field season, Diamond drlilling was to follow if justified by the resuits of the
channel samples.

Shale to furnish the argillaceous component necessayy for the production
of cement is plentiful in the Cantwell-Windy area. Prelimirary samples indicate
thet many of the bedes conmtain magnesias within the limits allowed for producing
Portland cement,

The alkall content of portland cement is not necessarily specified unless
so desired by the purchaser, Maximum combined alkalies ( Nas0 plus 0,658 KEO)
allowed when a low-alkall cememt is specified is 0,60 percent. Mcst of the
shaole sampled in the Cantwell-Windy arsa, while suiteble for portland cement in
other respects, contains more elkali then allowed if a low-alkall cement is to
be proeduced. Argillaceous materials were to be sampled during the 1951 field
season to locate a supply of shale suitable for use in the production of low-
alkall portland cement,
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There is no known deposit of gypsum in the Alsska Railrond belt sapabls
of furnishing gypsum for a cement plant. A gypsite deposit at Sheep Mountain
on the Glenn Highway contains ntmerous small lenscs of gypsum, but the lenses
are too small and inaceessible to be cconcmically attractive.

Aggregate

The Alaske Railroad area is extremely fortunate in having an sbundant
source of aggregate, The Burcau of Mines made no attempt during this investi-
gatlon to sumple or inventcry the sand ond gravel deposits in the Reilroad
belt. They are very rlentiful and widespread, and it is almost imposeible to
find an ares without a local supply of =zand and gravel.

INTRODUCIICON

Construction in Alaska has depernded almost entirely on imported supplies,
especially where the construction materials are of mineral origin; the exception
1s local use of sand, gravel, and some pumice, Both military and federal
suthorities have agreed that the use of local sources of building materials
would benefit the stebility and economy of the Alaska Railroad belt and should
reduce materially the high cost of construction,

The United States Department of the Interior was lnstruwentsl in formuilating
& policy of develorment for the Alaska raw materials. The first ypart of this
progrem consisted of havineg all Covernment bids for future construction include
alternates that would provide for use of local materials where available; thus
the loecel producers would have a chance to compete with the Imported materials
normally used., The second part of the program wes dirccted toward ascertaining
the potentialities of local resources of building meterials and their use in the
coustruction program. The Geolorical Survey was designated as the agency
undertaking the preliminary exploration of the sources of nonmetalliferocus raw
meterials, The program of the Bureau of Mines described by this report was
directed toward development of the several deposits and the chemical analyses,
fabricating tests, and other physical teste that were required to determine
their capabilities.

The Buresu of Mines building.materials progran was cenbinued during the
1951 end 1952 fiscal years. In order that the date already obtained may be
made available to the publie, this preliminary report has been prerered., Each
of the cemmodities listed above, with a brisf resume of its properties and uses,
is covered in this report, The varicus deposits lnvestigated under each classi-
Ticatlon of ruw materials are given for each commodity.

‘ ACKNCWLEDGMENTS

The principal objective of +he investigations described in this report
was to determine the potentialities of local nonmetallic mineral deposits ac
sources of rav materiales for the increased construction program, milltary,
governmentol, and civilian, in the Alaska Railroad belt, which was only & swall
part of the Department of the Intericr progrem of development for Alaska.
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Hal J. XKolly
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cement and determination of the specificetioms for the rew materials,

The Alaska Rallroad was of great assistance to the Bureau of Mines during
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Arthur F, Waldren, rresident, Anchorage Sand & Gravel Co., furnished the
Bureau of Mines with the results of its invesbtigation of sources of materisl
for the production of Haydite in the Anchorage area, which materially expedited
the Bureau of Mines program in this fieid,

Ackrowledgment is made also to Lec H. Saarela, commissioner, Alaska Terri-
torial Department of Mines, for reports on nonmetallic deposits by that agency.

PROBLEN AND OBJECTIVE

LS

RBefore any develorment program for a building-materials industry in Alaska
vas begun, several factors had to be considered, including the sources of raw
. materials of the proper quantity and grade, favorable Jocation of plent sites,
competent labor suppiy, and abeve all an adequate market for the finished
preduct. The esstimate of the probeble morkets for construction materials in
the Railroad belt was a prerequisite for a well-planmed develcpment program.

The largest consumer of building materials in Alaske is the Government,
either directly by military snd government agencies or by civilian government-
financed construction. At & building-materials conference at Fort Richardson,
Alaska, May 9, 1950, with K. J. Kadow, director, Alaska Field Staff of the
United States Department of the Interior, presiding, dete were asseumbled on
the estimates of building materials of mineral origin that would be required
for construction in the Railrocad belt during the next 6 years. This was the
first time any advance informaticn on guentities of reguired meterials had
been assenbled, The various estimates are llsted as followss

Housing Agencies; Estimated Heeds

3,000 units average 800 sq. ft. each per year}/

Material Unit 19512/ 1952 - 56

Cement for foundations, slabs, and walks Pol. 56,000 2k, 000
Cement for foundation wallS, OF sssesees do, 10,000 17,600
Blocks - with basementSesesesessessssess] 8-8-16 | 3,500,000 1,500,000
Cement for foundation walls, OF secirces Bbl. 20,000 9,600
Blocks - without basomentS..vsseseresces| 8-8-16 | 1,575,000 775,000

. Brick (1/10 homes poSSible)sesesosseesss| Bach 7,000,000 3,000,000
Chimneysoouccnwoao-eocuoa-uvuum-tn-ae-os Block I 180,000 72,000

Do. PH PSSO POI R NI N QAL RN SR C RN bR b EBrick i E,OO0,000 1,000’000

- Fireplaces (in 1/10 homes).evevesesssess Firve brick, 42,000 18,000
Flue l'inOI‘S.n.o.....g--n--.c.u--u..o..(1PGI‘ ft- ‘ 168,000 i 72,000
Insulation materialS.essveceaseesssivsacs Sqo ft. |l7,500,000 755GOJOOO
Droin t11€ e eresesesanessessscsnssesase) Feebt | 125,000 125,000

Notes Thz above breakdown 18 burely en estvimate. 1t would be Up to local
producers %o create the asctual demand for their products.

1/ This is entire Alaska progrem, with bulk of it expected in Rnilrcad belt.
E/ Includes 3,5C0 housing units for the military persomnel not listed elsewhere,




Alaska Road Cermission - building-Mﬁterials;Egpimateé/

Yoterial Uit 1951 - 56
Cemen't..u..c..“.-.m-.;..ou......-..a...... :Bb:]... 3,003 kvle) }-'-)OOO

g/ Program based on $25,00D,OOO ernually and mostly confined to Railroad beli.

/
Alsska Railroad Estimate of Materials Noedt/

Ttem . Unit 1951 | 152 1953 - 56 (per yr.)
CeMENTarscavananerasasonanscs| BDLe | 8,000 | 8,000 3,00C
Insulvél-{;ion..ﬁﬂtoﬂ.hl.a.l...ﬂ. TC}nS 15 . 15 5

1/ Entire program in Rallroad DeLt.

General Services Administration Estimate
of Building-Material Needsd/

Material Unit 1951 1952 ~ 56 (per yr,)
BYicK eeseosevncessonnsasesss | Bach 167,000 167,000
Block esssoessasceansansonsas | doO. 833,000 833,000
Cemen‘t..““.....,.m-.-....a... Bbl, 83,500 83,OOO
Insula'ting materials.eioeeveas 5gq. ft. 1,8333000 1,833,000
Lime and pl&st@ruanunntlonolob Tons 83 83
SE‘W@T Pipeooao-oouoanoconnoo-u Lin, ft. 116,670 ‘1163670
Tile!u.auuu..»--noounotli.o.ﬂ. . Each : 3;330 31330

1/ Program based on $1O,OOO,OOOLper year with an estimated 00 percent of the
program in the Railroad belt,

2/ Brick and block meeting Pederal specifications will be acceptable, Tn rany

- buildings estimated above as requiring block, drick will be listed as an
alternate if available locally.

Bureau of Reclamation - bullding-materisls estimatedl/

Meterial, | Unit 1651 1052 | 1653 1054 1655 | 1996

Insulationc,..| 89. £t, | 50,000 0 | 0 250,000 0 ; 0
Cement...e....| Bbl, 650 11,800 | 1,100 | 31,000 | 146,000 . k65,000
Tile.eesensess| Iin, Tt | 4,000 0 0 0 o o
Pozzolan, ... .. | Tons 0 173 0 1,b0 6,800 | 26,500

1/ 90 percent 1isted abcve confined toO had iroad Le.Lt.

Military Estimates

The military requirements are sunmarized in table I,

The above estimates are not in any way stated o be anything Wut an
appralsal of the probadle building materials required as of May 9, 1950. GSince
that time (Moy 1951), the civilien-building program has been curtailed as s
result of the world political situaticn, However, the comstruction by tho
military organizetions has been expandsd; consequently, the total estimated
requirements should be approximately the same or even greater.
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TABIE 1. - Sumeary of military reguirements for building materials in Alaskn
(fiscal years)l/

fRterarl "L e : 195L ; 1552 iG55 G55 I555 T T 1956 Total
Comentanu,ianaves: BBL, | 106,000 ;  8K,500 | 70,50C 15,250 29,350 | 29,250 T T2E)TR0
BricKessessaneses | Bach t 9),000 | 65,000 i 60,000 50,000 | La,o, 01 k45,000 | 360,000
SeWeT PiDBesseese! Lin. £H. | 63,006 | 33,000 28,000 16,000} 13,000 1 11,000 162,000
(vitrified clay). | | ! E ; : ; -
iime and plaster. | Tens | 75 | 55| 33 23 | 13 | 8 212
GyPSUTicuncovoswss | LD | 6,000 | 3,000 | 2,500 1,500 | 1,000 E 1,000 | 15,000
Inculation.ecees.  Sq. £t i %,929,000 | 2,523,300 |2,127,700 |1, 396 300 | 926,380 993 300 ; 12,763,900
Sewer pipe.ie,...l Lin. ft. | 128,000 | £8,000 | 58,000 9,000 I 26,000 5 96,000 i 315,000
\uonﬁ,Pte i . i
Conerete block2/. | Zach 2,101,000 | 1,051,000 | 875,500 | 525,500 350,500 © 350,500 | 5,25%,000
Pumice block_:,..! o, r 300 000 { 150,000 ; 125,000 | 75,000 50,000 ! 50,000 | 750,000

T; Based on following amounus of new conofrucclon and divided becween Ancnorage and Fairbanks as shown:

Y€Ar1¢W.l ons | Anuhortge pgruent.Falzbankq pexrcent

1951] 50 55 1 45
1ﬁ52; 25 bo i 60
19531 20 i Lo l 50
1054, 15 | 50 i 50
1955 10 50 _ 50
1956 | 10 50 | 20

g/ Any aggregate meeting Federal Specificatians SS—C—621, type T and IT, is acceptable,
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On the basis of the foregoing estimates of requ'rements and on the basis
of recconaissance estimetes of raw mineral wmaterials that mighit be evallebloe
in the Railroad belt, the Bureau of Mines program wes designed to investigate
the commcdities listed helow:

Qommodigx Raw material
Brick and clay products Clay,
Shale.
Lightweight aggregete Clay (Faydite) .

haele (Heydite),
Loess (ieydite;,
Argillite (Haydite).,

Pumice.,
Perlite,
Pozzolan Pumice.
Mineral wool Clay, shale, limestcne,

argillite, and conglomerate

Cement ILimestone, shals, and gypsum.,
Aggregats Sand,
Gravel,

LOCATTION AND ACCESSIBILITY

The Alaska Rallrcad was bullt to give access to the dnterior of Alaska
throughout the year. Previously, transportation was seasonal beceuse trails
ware impassable during the spring thaws and £all f'reeze-ups and water trans-
portaticn cn the rivers could be used only during the summer months. The
Alaska Rallroad was completed in 1923. It comnects Fairbanks to the coast at
Seward,

Figure 1 is an index map of Alaska, showing the location af the Alaske
Rzllroad, The main surface transportation routes sre shown in figure 2, Many
towns and cities of Alaske now are served by well-maintained highways, hut the
Alaska Railroad is gtill the principal means of trancpertation frowm Seward to
Fairbenks., For meny places within the Railioad Belt, it is the only method of
trensportation; several mining dictricts not on the Idghway rcutes but adjacent
to the railroad are accesgsible only by short roads to stations on the Alaska
Railroad,

Some of the principal stations on the railroad and the milssges from Seward
are listed in table 2,
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Figure 1. - Index map of Alaska.
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Figure 2. - Transportation routes in central Alaska.




LEGEND
ARGILLITE

CLAY
COAL
GYPSUM
LIMESTONE
SHALE
PERLITE

SN
[

SEWARD

Ay

ISOUND
v

N

m o~ W N

DEPOSITS

CLAY PRODUCTS, INC,
AMERICAN ROOFING PRODUCTS
POTTER LIMESTONE

CHICKALOON  FORMATION SHALE
MILE €7 SHALE

MILE 71 5 SHALE

MILE I6{MATANUSKA BRANCH) SHALE
SHEEP MOUNTAIN GYPSUM

SHEEP MOUNTAIN CLAY

INDIAN RIVER ARGILLITE

WEST FORK CHULITNA RAVER LIMESTON;
WEST FORK CHULITNA RIVER ARGILLITE
W E. DUNKLE COAL MINE
WINDY-FOGGY PASS LIMESTONE
CANTWELL SHALE

HEALY PERLITE

HEALY CREEK COAL MINE
HEALY SHALE

HARDING LAKE CLAY

FOX LIMESTONE

HOUSTON COAL MINE
MOOSE CREEK COAL MINE
EVAN JONES COAL MINE

49

147"

Figure 3. - Nonmetallic deposits in the Railroad belt.




TABIE 2, - Stations cn the Alasks Railroad

Miles from @ Elevation, Populationt/
Station Seward feet Towri | District
Seward.ﬂ..ﬂ.QOOOOIIGOIQQGOOOOO OgC 20 2,063 i 2;653
GLrdwooleeieserarsesrarsenceanl  ThiB ko - ! -
AI'lGhCI‘age...--.o-q..w-..n.-u l’“"03 | 38 ll,O6O E 31;5(31
Matanus erowNMOB, 00 REIVNCO R 150.7 36 - i' -
Pa,JIﬂeI‘_g_ PSP IR I D VL PO YD 1.56.7 300 - ! 2.511
WaSillﬂao-ano-douo--oon-.-u-.- 159.8 339 - i 576
Talkeetnaouawnntloacgaatonnaou 22607 35]"' - i 1*'17
CHI'I".Y'..-“.ema.-u-“”.oc.” 21‘]‘8n5 . 5)“'6 - : -
Brood PasSeesesceceasenavncess| 304,3 L2127 - i -
McKinley ParKscosavovncasnconnl 3)"'709 l 1,732 - i 3{"'1
Healyuae-.slu'xo.n.t,v--aoco-.:ul 35801 | 1,368 - I -
NeNanfeosesvsosnseecasssessess, U117 | 362 - 239 i 637
Fa‘irbEmRS..u..u..u..-.u-..? h?ou?) ' 14-)-‘8 5_,625 i .1.9,128

1/ Census figures for 1950, not complete.
2/ On branch line frcm Matanuska.

The location of each of the deposits investigated during the Bureau of Mines
progrem is shown in figure 3.

PIYSICAL FEATURES AND CLIMATE

No attempt will be made in this report to record in minute detail the
geography of the Alaska Railroad belt, Only a brief outline of the physical
Teatures of the area treversed by the railroad will be given, but a more de-
tailed description of the area may be found in a report by Stephen R. Capps.g/

The Alaska Railroad in its course from tidewater at Seward to Fairbanks
In the interior, traverses the Pacific Mountain region of Alaske and enters
the Central Plateau region.

After leaving Seward on Resurrection Bay, the railroad follows fnow Creszk
end crosses the Kenmai Mountains to the head of Turnagain Arm, Following along
the north shore of Turnagain Am, the roilrced traverses the Chugach Mounteins,
an extension of the Kenai Mountains. Together, the Kenai and Chugach Mountains
form the south spur of the continuation of the Pacific mountain system.

From Anchorage, the railroad skirts the east shore of Xnik Arm along the
horth flank of the Chugach Mountains to the head of Knik Arm. From the head
of Enik Arm, the roilroad follows up the valleys of the Susitne and Chulitos
Rivers between Talkeetna Mountains and the Alaska Range. The Alaska Range Forms
the north continuation of the Pacific Mountain system and joins the south spur
in the Wrengell Mountains,

At Summit on the Alaska Railrocad, the railroad follows the 014 course of
the Susitna glacier through Broad Pass into the valley of the Nenane River.
Following Gown the Nenana River, the railroad traverses the Alaske Range and

E/ Cappes, Stephen R,, Geology of the Alasks Rodlroad Region: Geol. Survey
Bull. 907, 1940, 201 pp.
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enters the Central Pleteau region of Alaske, vhich g dreined by the Yukon
and Tanona Rivers.
L]
Most of the Alashka lailroad belt shows the effects of glacistion.
U-shapred and hanging valleys orve common from Seward nortlh to the northem
flank of the Aleska Lange, C(aly the Central Plateau region is unglaciated.

Vegetotion throughout the repion varies. Aloeng the lowlands and
valley floors are forests of spruce, hemlock, birch, pornlar, and zspen.
At higher altitudes, willows end alders with mosses and grasses mantle the
slopes. lMuch of the interior is covered only by the vegetation typical of
the tundra - mosses, grusses, and low chiubs. .

The climate of the Raillrcad belt adjacent to the oceen end to Cook
Tnlet is characterized by mild winters and ccol summers. Monthily end
annual mean temperatures for several stations within this area arz in
table 3. Freezing temperatures may be expected from earily in September until
late in June. Rainfsll is moderate but not excessive. Teble b gives the
monthly and annual mean precipitetion, in inches, for the same stations
listed in table 3. Tabls 5 lists other miscellaneous data.

The climate of interior valleys of Alasks is charachterized by great
extremes in temperature between summey and winter and by light to moderate
precipitetion, Summers are short end hot, and the winters are cold and
long. Freezing temperatures may be expected from the middle of August to
the end of June,

TABIE 3. - Average temperatures, OF., for stations within the railread beltl/

! ; ‘ ; : * ; \ ‘ ’ Ann-
[Jan.ireb.lMar prr.gMEY'2June July|Aug.|Sent,iOct. ch Dec. val
Sevard, ... 23.5 2761309 37+ | Mh6T5L.2 55,3 5k.5149.0 ThO,3731.1724.9 159 .2
Anchorage.! 11.6 '18.5,23,7i35.4145.0{53.5{57.0|55 .651;7,8 Esé,o 22.,4113.3 35 0
Wasilla ... 12.2°17.9{2k,1;34.k %.3153.& 56.2 |54.0,16.2 (35.3121, %113 13%.3
Palmer2/.. 15.4 8,732, uf34.1 515121562 55.6150.3 ;36.7/28.3113 51358
Matanuska .l 13.3 |18.7124.5 36,215 .8155.2157.5(55.3 148.0 ;356.4{21.9 13.4i35.6
Caawell_e_/ ¥ 6.4'-1,0126.4,31.0145.6153,1[58.6 |57.6150.9 133.3 al.._, -3.5131.5 .
Talkeetna.| 9.0 '16.720.6{33.3 |44.8154.8|57.9 54,7145 .2 13L.2119.5) 9.6133.5
Summit, ... 4.3:8.9]11.422.537.2 49.3152.1 18.3 40,5 125,51 8.7 2.5125.9
McKinley | , ; % ‘ } | ! .
Park.... 3.0| 7.8/12.9126.6 h1.5152.6 54,7150.7({41.9 (27.1/11.0! 3.3127.7
Hensna.... -8.2 | .2| 8.8127.2 |46.1157.9]60.6(55.7|4k.3 27.1] k.3 -7.425.h
Fairbanks .-11,3 (-1.2 9.5/29.k46.9158.8,58.0i55.143.6 12€.61 3.4 -8.0125.9

1/ 1659 only .
g/ Weather Bureau, U. S. Department of Commerce, Climatological Data, Alaska:
Annual Summary 1949, vel. 35, No. 13, 1950,
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TABIE 4. - Precioitation for stations within the rsilroad belt, in inches}/

» : j ‘ ; - . ‘Ann-
iJan.fFeb.jMar.!Apr.1May Juae jJuly!Aug.|Sept. Oct. Nov, Dec,iuay
Soward. .+ 5.0015.503.02| 533 3413237124931 6.1319.53 110.50, 7.22 6. 74 €8.38
Anchorage : .821 67, .55 b1l .50l .70(1.63 2.6012.,58 | 2.1811.04 .85;14.56
Wesilla..'1.25 821 87| 39| .72:1.89,1.15/3.31/2.87 = 1.76, B85 .95 17.84
Pelmer2/.i2.26] .89l 5L 82| .18|5.8113.07,3.37/2.52 - 1.04 .31 .66 21.47
Metenuska ! 911 731 .55 Jh2) 68/1.27/1.97]2.88; - - L.7H - '1.00i -
Caswe1x2/57.3911.51i2.79 2,031 .87/3.43(2.3213.73]3.78 | 1.95/1.49,2.17:33.46
Talkeetna;1.87‘1.9o 1.92] 9L 1.2711.66(3.5315.231 .9k 3.58) 1.77:11.79130.37
Summit...il.07!1.9h‘l.h8 m48[1.08 2.31{3.243.7013.50 i 1.75] .B8:1.37.21.89
McKinley ' | | l : , |
| _! ! . "
Park...! .86 .51 .42 .70, .85[2.05i2.36:2.8111.50 * 1.04 .68 .60,1k.58
Nensna...| .6h| 48! 56! .351 .7011.31,2.91]1.54/2.21  .72) .49 4411135
Feirbanks | .95' .46 .66 .30° .62'1.35.1.89:2.05/1.27 | .84 .60 .63.11.71

i/ Weather Bureau, U, 5. Department of Commerce, Climatologlcal lata, Alaska:
Annual Summary, 1949, vol. 35, No. 13, 1950.
g/ 1949 only.

TABLE 5, - Miscellaneous data, railroad veltl/

i

i (Freezing temperature length of
i , | Tast | First date | growing
‘Eleva- High- {Low~ | date in. in season,
‘tion | est [Dote  jest | Date spring | autumn days
Seward...., 16 5 }Aug. 101-6 Jan. 7 (May 11 | Oct. 16 158
Anchorage.| 134 | 78 !July 5i-27 iFeb. 9 IMay 7 , Cct. 4 . 150
Wasilla...! 330 80 jAug. 28i - - June 30 ,Sept. 9 |, T1
Palwerl/..| 300 | 76 |July 5'-25 |Jan. 7 |May 18 | Sept.29 , 13b
Matenuske.| 150 | 77 (July 5!-30 IDec. 24jJune 4  Sept. 29 ' 117
caswe1dl/.' 290 | 90 |aug, 3/-37 iden. 7 |Jume 30 'Aug. b ' 15
Talkeetna .. 345 77 (July 5-42 [Feb. 8 {June 30 Sept. 15 78
Summit,.,.[2,401 ¢ 73 jJuly 9:-28 |Jan. 7 |June 26 {Sept. 13 : 79
McKinley ; i : ;
Park....2,002 | 79 (July 9i-32 |Dec. 30[0wne 30 ,Aug. 15 | 4§
Nenena....! 358 | 81 {July 7.-50 [Feb. 17|My 15 Aug. 15 ' 92
Fairbanks.! 136 | 85 |July 10,-46 (Feb. 10!May 15 Sept. 9 . 117

1/ Weather Bureau;’U. S. Depertment of Commerce, Climztological Data, Alaska:
Anmual Summary, 1949, vol. 35, No. 13, 195C.

HISTORY AND PRODUCTION

The Alaske Railroad was begun by private interests in 1903 to serve as
& link between ocean transportation at Seward, Alaska, and the nevwly dis-
coverad gold nlacer-mining districts at Fairbanks and alcng the Yukon Rivern
and its tributaries in interior Alaska., After constructicn had progressed
some distance north from Seward, the project was abandoned. In 19153, cons
struction was resumed by the government, and the reilroad vas completed in 1823.

Until recently, metal mining was the major imporitant basic industry in
the aree tributory to the Alaska Railraod., The value of the Mineral produc-
tion from this region is listed in tables 5 and 7.
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TABIE &. - Minsral pioduction from the arss served by the

Alaska Railroad up to and including 1949

} ‘[J_p to and o
[ including
{ 1935 (Geol. Up to and
i Survey 193742 including
% Ball. 907) {(incl.) 1949
Gold: |
PLACETS e envunssssaassvsncnsa $¢96 186,000 1/*60 416,000 1/$186,604,000
Lodes_%_/-..«.....-u.-.....” ] 17 JOF\ }9‘“7000 “;1/2 1}27300
| 136,709 300 74 3HL,00011/5 /215,085,300
Silver (mainly from alloys with:

BOLd .. uuvanenenonarnonnsnnnosl 345,000 L/ 845,000
Comlyiuvsrasstirnnreasonseannes] 9,835,000 21,651,000 31,486,000
Miscellaneous, including lead, |

antimony, tungs ten, copner‘3 ' |

and Other PrOAUCES »e.essoesss 225,000 € /468,000 ! 663,000

| 149,610,300 96,560,000 244,070,300

1/ Includes placer silver.

2 / Does not include production from Prince William Sound and IMuka Bay
districts.

3/ Includes lode silver, copper, lead, and zinc,

T/ Inclvdsd with gold.

E):/ Ioes not include production from Prince William Scound district.

o / Antimony only; all other miscellaneous included with lode gold.

TABIE 7. - Placer-gold production from the ares served by the
Alaska Reilrcad up to and including 1949
{ Up to and ‘
I including |
| 193G (Geol. Up to and
| Survey 1937-4%9 including
Districts Region Bull. 907) (inecl.) 1949
Valdez Creek, Willow Cook Inlet-
Creek and Yetna- ; Susitna |
Cache CreeKu.sessasse $3,730,600 ' 1/81,860,000| 1/45,590,600
Moose Pass-Hope and Kenel N .
Turnagain Arm- | Peninsula
GLTGWOOR s vsvusnenvans| 2,213,200 1/56,0000 1/2,269,200
Bonnifield-Nenana, Tukon ; i
Falrbanks, Hob | River | /
Springs, Kentishne, | Pasin z ,
Rampert, and ' j j
TOloVena.uueeeisenas | 120,244,200 ¢ 1/58,5C0,000|1/178, 744,200

76,188,000 | 1/60,51%,000 1 1/156,50k,00C

1./ Placer silver included.
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Beginning with the Japanese invasion of the Aleutian Islands in 1911-1,
recelving renewed impetus as a result of the Korean War, the construction of
military installations and housing within the Railroad belt has induced a
large and rapld increase of populaticn, The resulting demand for large
quantities of construction materials has placed a heavy burden on transportation
facilities. Furthermore, the necessity for lmporting large quantities of
nomally low-priced building materials has Increased their delivered cost to
the projects in Alaske by the transportation cost, an appreciable amount., This
required use of high-cost building materials has imposed a heavy financial
burden on all construction projects in the area.

GENERAL GEOLOGY

The area now served by the Alaske Railroed has been explored many times
since Capt. James Cook salled into Turnagain Amm in 1778. Investigations by
the Geologlcal Survey were begun in 1898, and field parties of the Survey have
been active in this region since that date, The first comprehensive report
covering the entire area was compiled by Stephen R, Capps and published in
19’+O..§. This report and the numerous separate reports by the Geological Survey
on areas within the Alasks Railroad region have been referred to throughout the
development program by the Bureau of Mines and were found to be extremely
helpful.

Rocks of meany ages and classifications are exposed in the Rallroad belt.
The rocks range from pre-Paleozolc schist, such as the Birch Creek schist, to
recent strsam gravels, Table 8 is modified from s chart showing current
correlation of stratigraphic units in Alasks by Philip 8, Smith ,}_f/ it shows the

formations occurring in the Rallroad belt area,

The deposits sampled have been ldentified with the containing formations
and are mentioned as part of these formations in the text following table 8,

TABLE 8, - Generalized geologic table for the railroad belt

g=]
s
b1y
Faf= District Description
Unconsolidated materials including glacial moraines,
outwash gravels, and clay deposits; stream terrace
ol& gravel; beach and estuary deposits; and alluvium of
3 a present streams.
8lo
g*’ SQURCE OF ALL SAND AND GRAVEL IDEPCSITS.
§ CTAY DEPOSITS IN ANCHORAGE QUATRANGIE AND NENANA
'WALLEY ARE OF GILACTAL ORIGIN.
3/ Work cited in footnote 2, p. 8.
E/ Smith, Philip S., Areal Geology of Alaska: Geol. Survey Prof, Paper 192,

1939, 99 pp. (Correlation chart.)
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TABIE 8. - Qeneralized geologic table for the railroad belt

s[318
= ﬂ Q !
HE
fl" | pistrict Description
{ { Basaltic lave, and volecanic rocks; some rhyoliticz £lows
near top of sesction.
o | Arkose conglemerate, shale,
=R
¢ § Kentishns- | NENANA GEAVET.
.,%’ é Donnelly Ioosely consclidated gravel and sand,
© Matanuske Massive conglomerate., ESKA CONGLOMERATE,
Kantishna Coal-bearing series of shale, sandstone, end grit;
comparable to EEWAT PORMATION irn part.
Seldoviag - Sendstone, shale, scme conglomerate and coal,
o Hope KENALI FORMATICH.
g|E 1
N Chulitma | Rhyolitic iave, trachyte, andesite, some
§§ | interbedded with CANTWELL PORMATION.
oo
@ Metanusks | Shale, sandstone, and coal, CHEICKALOON FORMATION.
Q
& CHI CKALOON FORMATION, KENAT FCRMATICN, AND
EQUIVALENT SERIES IN FANTISHNA~HEALY AREA HAVE
PRODUCED ALL COAL MINED IN BAIIROAD BEIT .
SHALES FROM TEESE SERIES SAMPLED FOR CLAY PRODUCTS,
LIGHD AGGREGATE, MINERAI WOOL, AND CEMENT,
Donnelly« Coarse conglomerate, sandstone, and dark shale
Kantishna CAWIWELL FPCRMATION.
Matanuska Sandstone ard shale, MATANUSKA
Shale with subordinate sandstons, FCRMATI N
5
2l & | Anchorage- Argillite, graywacke, shele, small amounts of
.,g § B Nuka, cenglomerate and grit.
S
8*§ SEALES AND ARGILIITE FROM THESE SERIES SAMPLED FOR
fiat | | CIAY PRODUCTS, IICHT AGCREGATE, MINERAL WOOL, AKD CEMENT.
g, | Matanuska ’ Conglomerate, tuff, and arkose; some messive limestone.
% NELCHINA LIMESTONE.

CASTLE MOUNTATN ILIMESTCNE SAMPLE,

5103
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TABLRE 3, - Generalized geologic table for the railrced belt (Cont.)

Era
iod .

District

Description

Mesozolic

Carboniferous

_Paleozoic

Devonian

e Tgiassic

Chulitna

Metanuska

Sendstone, shale, argillite, 1ittle cher:c, some
conglomerte, and limestone lenses.

Green sandy shale.
Shale, sandstone, little conglomerate.

tanuska

Sandstone, shale, small amount of conglomerate,

Matanuske

Seldovia

wava, breccela, tuff, interbedded sandstone, end
shale, TAIXKEFINA FORMATION.

Tuff and volganic agglomerate interbedded with thin
limestcone, shele, and sandstcone,

GIPSIFEROUS DEPOSITS AND CIAY AT SHEEF MOUNTAIN IN
AITERED PHASE OF TAIKEETNA FORMATICN.

Upper

Chuiitne.

Seldovia

Argillite, clayey sandstene, lenses of tuff and
conglomerate,

Argillaceous rocks, liny white and rusty sandstone,
Limestone.

imestone with volcanic material.
Chert with thin Pfilms of argiilite.
Ellipsoldal greenstone,

TRIASSAC ARGILLITES AND LIMESTONES IN WEST FCRK OF
CHULITNA RIVER REGICHN SAMPLED FOR LIMESTONE, LIGHT -
AGGREGATE, AND MINERAL~WOOL PROLUCIION

|

I Permian

Chunlitna

Tuff, volecanic breccia, lava, some argillite,
limestone, chert, and conglomerate.

ARGILLITE FROM THIS SERIES SAMPLED FCR MINFRAL-WCOL
AND LIGHT AGGREGATE PRODUCTI (N .

__w-_,.,_ﬂv.-.___ug
—— e e

Migsis-
sippd

.f

Yukon-
Tanans

Middle

Nenans,

Chulitna

Undiffeventieted schist, skale, chert, QUATTLZILite.
Chert with minor amount of limestone and shale,
LIVENGOCD CHERT .

Limy shale, more calcarecus at top.

Slate, arglillite, graywacke, quartzite.

Black conglomerate, white conglomerate, shale, and
graywecke.

Siliceous end argillaceous sediments, age highly
problematical.

P4
O
¥Y)

ul‘j-




TABLE 8. - Gomeralized geologic tuble for the reilroad belt (Cont.)

!

t
e |
& ol 3

Fay b District ! Description
Wasilia I Schists in vicinily of Willow Creek; Bgs cxbremsiy
doubtful, probebly early Paleczoic or older,

(&}
3 Kartishna-| Metamorphic rhyolitic effusives and related rocks,
§ Tok TOTATANTIKA SCHIST and regular BIRCH (REEK SCHIST .,
—
;%i Yukon - Schist, quartzite, ancd other highly metemcrphic
0 Tanana rocks . JIRCH CREEK SCHIST, .
A | Some asscciated tasic voleanics,

Quaternary Deposits

The unconsolidated deposits of the Quaternary period have furni hed eil
of the sand and gravel s¢ recessary to the construction programs of modern
civilization. Depesits comsist of glacial moraines, outwash gravels, estuarine
clay, stream-terrace gravel, and the alluviums of present streams., The marine
#77.cloys sampled in the Anchorage quadrengle end the clay beds in the Nensns Valley
i are of glasial origin.

Glaeiation took & lerge part in the formation of these Quatermary deposits,
The major part of the Alaske Reilrond rcgion has been glaclated several times
Ly the major ice fields, which extended south from the Alaske Range to the
Paclfic Ocedn, Ice also covered the north flank of the Alaske Range, with
smz1l lobes extending for short distances down meny of the present valleys.
One.of these lobes occupied the present course of the Kenena River and marked
the north limit of the Susitns Glacier where it flowed throngh & gap in the
divide to form Broad Pass and leave an easy grade for the rail route to central
Alesks,,

The glaciers produced enormous quaniities of debris, which remain as
terminal and lateral moraines and outwash gravels. Terrace gravel deposits
Wwere formed by meny of the present streams and were left in their elevated
position as the valleys were lowered hy continued erosiom.

Messeless erosion and stream action are crntinually forming new alluvial
Aeponits of sand and gravsl,

Tertiary Cowl Measures

fecording to Philip S. Smith,é/ the Tertiary coal beds in the ook Inlet
area are considered to belomg to the upper part of the Focene series. Composed
Fredovinantly of sandstones and shales, the beds contain interbedded can-
glomerate at irregular interwals; they also contain numercus soul beds. The

57 Work cifed in Tootnots T, p. 1.
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Kenai formation probebly is 2,300 feet thick. Measured stratigraphic sections
by Martiné/ demonstrate that 3 to 5 percent of the tetel thickness of rock
consists of conl beds 3 to 7 feet thick,

A bed of blue clay exposed in the sea cliff south of Miller's Landing near
Homer is & member of the Kenal formatiocan. Samples of this clay were taken for
testing for clay products and the production of lightweight aggregate. The
bed of blue clay is approximately 30 feet thick,

The Chickaloon formation in the Matenuska Vglley has been described by
MartinZ/ as consisting of o rather monctonous succession of shales and sand-
stones, The shales, which predominate over the sandstones in aggregate thick-
ness, are graey to drxab, rather soft and inclined to disintegrate on exposure,
poorly bedded, and withous well-defined joint planes. Most of the teds are
rather gritty and vary in grain slong the bedding, They contein meny nodules
and lines of nodules of iron carbonate, scme of which form falrly persistent
beds, The sandstones are yellowish, rather soft, of diverse grain in the
different beds and of varying grain Iin the same bed, and for the mest part
feldspathic; in general, the individual beds are not very persistent., The
formation appears to be at least 2,000 feet thick.

The coal beds of the Chickaloon formation are numerous. IExcept in the
relatively small areas now being mined, there is no accurate evidence as to
their exact position within the formation or as to the persistence of
individual beds or group of beds,

Samples were taken of several of the shale members of the Chickalocon -
formation for investigation as a source of raw material for a brick or tile
indugstry and also were tested for lightweight-aggregate production. The samples
were taken in the vicinity of the Eska coal mine and along the railvoad from
Sutton to the mine,

The coal-bearing Tertiary formation in the Healy area probably is Miooene.Q/
It 1s composed of sandstone, cley, fine conglomerate, and cosl beds, Samples
wore taken of several clay beds near the Suntrans coal mine for the production
of lightweight aggregate and clay products, Samples of the clay and scme of
the sandstone beds were analyzed for pcssible use in the mineralewool industry.

Upper Creitaceous

The Upper Cretacecus formation in the Donnelly-Kentishna area in the
Alaska Range is composed of a group of nommarine sedimentary rocks .2/ This
group (Cantwell formation) includes conglomerates, sandstones, and shales,
Agsociated igneous material is included in meny parts of the formaticn. The
shale saupled for use in the production of cement in the Cantwell-Windy area
is a member of +this formation, °Samples were tested for production of light-
welght aggregate and clay products from this shale,

6/ Martin, G. D., Johnson, B. L., and Grant, U. S,, Geology and Mineral Fe~
, sources of Kenaei Peninsula, Alaskat Geol. Survey Bull, 587, 1915, p. 68.
7/ Mprtin, G. D., and Katz, F. J., Geology and Coal Fields of the Lower
Motanuske Valley, Alaske: Geol. Survey Bull., 500, 1912, p. 43,
8/ Work cited in footnote 2, p, 122,
g/'Work cited in footnote 2, p. 77.
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Tae Matanuske formation, ropresenting the upper Cretaceous in the Mataruska
district, contains warine fon51ln 20/ The upper pert of the formation is
predominently sandstone with thin shale beds, Conglomerats and grit facies
are found aliso. The tase of the formation is composed of shale with sub-
ordinate sandstone, The shale at mile 67 on the Clemn Highway is 2 member
of the Matanuska formation. This shale was Investigated as a possible source
of lightwelght aggregate and was tested also for the production of brick and
other eclay prcducts,

The argillite, graywacke, shale, and assoclated small amounts of con-
glomerate and grit in the Anchorage area are pert of the Matanuske formation.

Lower (Cretaceous

The base of the Lower Cretaceous section in the Mavtanusko district
consists of conglomerate, tuff, and arkos&/overlain by several hundred feet of
& wmassive, dark, fineugralned lmmestone,11 The Castle Mountain limestone
sample is frum 2 part of this limesvone unit, which is named the Nelchina
limestone.

Lower Jurassic

The Talkeetna formation cf interbedded lavas, tuff, and breccia with thin
teds of tlack carbonacecus shale and sandstone represent the Low r Jurassic
in the Matanuska district.l2/ Much of this formation has undergone alteration
to greenstone. The gypsiferous deposits and clay at Sheep Mountain sre in a
an altered phase of the greenstone of the Talkectna formaticn,

Upper Trisssic

The meountains along the northwest border of the West Fork of the Chulitna
River arca are cOmﬂosed/mainly of dark-gray to black argillite and argilleceous
sandstone, which Rossi3/ comsiders to be of the Upper Triasslc period., These
rocke are interbedded at their tese with Triassic limestome. At and immediately
above the contact are lenses of tuff, The argililite was sampled for the pro-
duction of mineral wool and lightwelght aggregate.

The base of the Upper Trigssic is roprescnted by prominent beds of line-
Stone.}_ A few of these beds are somewhat more coarsely crystalline than the
others and form consplcuous white outerops. The rest of the limestone weathers
in brownish cliffs, is gray to black on fresh fractures, and is interbedded
with the argillite. This limestone is impure, with some sandy and arglllaceous
beds,

Semples of the limestone beds were collected for anelyses as possible
moterials for cement and mineral-wool production.

10/ Work cited in Footnote &, Tp. 1Y and 50,
11/ Work cited in footnote :m D. 49,
1h, Paige, Sidney, and Knopf, Adolph, Geologic Reconnaissance in the Matenuska
and Talxeetna Basinsg GeoL. Survey Bull, 327, 1907, pr, 1 axd 17.
lu/ Ross, Clyde P., Mineral Deposits near the West Fork of the Chulitna River,
Alaskani Geol, Survey Bull, 849-E, 1933, pp. 300-302.
14/ Work cited in footmote 13, pp. 298- 299,
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SAMPLE

OBSERVATION (color, hardness, texture,screen size, plosticity)
PRELIMINARY )
REHYDRATION (special samples oniy)
TESTS
CHEMICAL (soluble salts,alumina, corbonates, sulfates,
phosphates, iron)
CLAYS
SHALES — Low in iron,
8 . VERY | SANDY carbonates,
Test for high ete.
oil content L v
Reject Uses Beneficiate
Molding sand
Test yield
BAUXITIC CLAYS v
F v -
CERAMIC TESTS

OBSERVATIONS Plasticity

=

‘b ,drying and firing chorocteristics
FIRING TESTv CONE 4
= v
SATISFACTORY COll,OR AND BODY TEXTURE UNSATISFACTORY COLOR AND BODY TEXTURE
¥ v 1] v
Light Buff Gray Red Excessive
> Y X
Coarse grain
" Warping
_ Test all colors o
Fine gramn tor PCE Cracking
( 325 mesh) Process e Shrinking
Scumming
e8! yeld o Salt glaze test Bloating- light weight
Mix with A2 t
other clays | Satisfactory Unsatisfactory [ eggregate
Fusing-slipclay
or USES USES
Test for Sewer- pipe Heavy-clay
v s other purposes | conduit products
Heavy-cloy M .
Whitewares products Qenﬂlclote or mix
with other clays or
Enamels reject
4-19 19-26 26-3l Above 31
\
USES USES USES USES
ANl grades qood for heavy-cloy products
Y
Stoneware

Refractories,

Refractories,
Low-heat duty

Refractories,
Intermediate

High and super

Figure 4. - Classification of clays, by uses.




Carboniferous

The central pari of the ares mapped hy Rossiz/ on the West Tork of the
Chulitna River is composed of a thick series of Permlan tuff, volcanic
breccia, lava, argillite, limestone, chert, and conglomerate., The tuff,
voleanic breccia, and lava predondinate, but the argillite and limestone are
pilentiful locally. These beds were divided by Ross into several units. The
argillite samples in the West Fork of the Chulitne River area were taken [rom
two of these units: D and E.

BRICK AXD CLAY PRODUCTS

The use of clay for producing building materials is cne of the oldest of
the arts. (ley has been employed for centuries to meke brick, tile, pottery,
and other relsted ceramic products For some of the producus, the finer grades
of clay are required; but the balldlng materials ordinarily ut;lize the lower-
grade clays and shales, which are widely distributed.

Various divisions have been mede of the raw materials used for clay
products. They have beern segregated on the basis of use, origin, mineral
composition, and a combination of these. In the search for new deposits, the
geologic or geographic origin classification is the most helpful, because
deposits of the same relative age snd origin may often be of similar com-
position. The description and geologic nge is given for all samples . tested
during this investigation.

For test purposes, the Bureau of Mines has devised a general outline}é/
in which the main and final classification is on the basis of use. The part
of this outline that relates to tests for ceramic uses is given in figure k.
By following the outline given for testing in this syllabus,}l/ the general
uses of a clay mey be determined.

In testing ceramic products, the temperature at which the material is fired
is given in terms of the nyrometrlc cone equivalent (P.C.E.). The deformation
roint or fusion point of the standard cone or cone being tested is known as
the pyrometric cone equivalent. The P.C.E. is determined also in lieu of the
melting point of the product and indicates the use to which it may be put. In
this test, small cones of the material being tested are heated at a prescribed
rate with standard pyrometric cones. The point of its deformation is then
compared with that of the nearest standard cone. The P.C.E. of the sample con
be given as approximately equal to or as between two of the standard cones.

The standard cones are prepared to melt or deform at definite temperatures.
The cones are specially prepared; and, in determining the deformation point,
he heating rate is meintained at a constant rate. Table 9 / gives the

15/ Work cited in footnote 13, Dp. 29L-298,

16/ Xlinefelter, T. A., O'Meera, R. G., Gottlieb, Sidney, and Truesdell, Glenn
C., Syllabus of c_ay testing - Part 1: Buresu of Mines Bull. 451, 3% p.,
943,

17/ Work eited in footncte 16.

Eg/lﬂandbook cf Chemistry and Physics: 18th ed., 1933, p. 820.
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pyrometric cone cquivalents in degrees centigrade snd Fahrenheit for the twe
middle classes of standard ccnes, Below these is the soft series from cone
011 to 022, inclusive, and sbove is the high-tempersture series from cone 23
to 42, inclusive, Pyrcmetric comes do not give an accurate neasurerent of
temperature but are used for comparstive purposes, In spite of the care uged,
i1t is not unustel for different laborstories to fail to check one another
closer then within one cone,

TABLE 9., ~ Pyrometric cone eguivalents for the two
niddle classes of standard cones

To. of cone * IR ‘ OF
010 890 | 1,634
09 930 1,706
g 08 U5 1,733
£q 07 975 1,767
RO 06 1,005 1,841
g8 05 1,030 1,886
guw . ok 1,050 1,922
2 03 1,080 1,976
B0 1,095 2,003
ool 1,110 2,030
1 | 1,125 2,057
2 1,135 2,075
3 1,145 2,093
4 1,165 : 2,129
o 5 1,180 2,156
" 6 1,190 2, 17h
@ 7 1,210 2,210
8 1,225 2,237
§ 9 1,250 2,282
§ 10 1,260 2,300
o 11 1,285 2,345
& 12 1,310 2,390
£ 13 1,350 2,462
3 { 14 1,390 2534
¥ 15 1,110 2,570
516 ‘ 1,450 2,6k
f T | 1,465 2,669
q |18 1,485 2,705
g 1w 1,515 2,759
) 1,520 2,768
WOTE: Teble based on work of rairchild and Peters, Jour.

- -

Am, Cer, Am, Socl., 9, 1946, pp. T01-T4. Heating
rate, 20 C. per hour,

The P.C.E. for low~duty fire clay brick has been set at 19, This is on
the basis of a heating rate of 150° C, per hour, which gives a temperature of
1,520° C, and compares to & P.C.I. of 20 in table 9, vhich is based cn a 200 C.
per hour heating rate.
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The absorption-ccefficient test for brick indicates 1ta possible
resistance to weathering., The absorption coefficient is the ratio tetween
the absorption after a 2h-hour cold-water soak and the absorption by boiling
for 5 hours, or, absorption coefficient = cold-water abscrption , This

S-hour boil absorption
coefficlent should not exceed 0.8 for any ceramic pilece expectcd to withstand
severe weathering conditions,

Freezing-and-thawing tests were performed in accordance with A.S,T.M.
specification C67-lh, method B, except for laboratory reduction in specimen
slze and corresponding water level during freezing. Method B calls for a
representative selection of five or more commerciasl-size brick to be ovenw-
dried to a constant weight at 110°-115° C,, cooled, weighed, and then subtmerged
in clear water at 15,5 to 30° C, for 4 hours before beginning the freezing-and-
thawing test. Test specimens are to be stood on edge in l/é inch of water and
properly spaced in trays exposed to the temperature of the freezing chember,
Initial temperature on introduction of the charge shall not exceed 32° C,, and
temperature 1 hour after introducticn shall not exceed -9° ¢, Alternate
Treezing and thawing shalli be continued for 50 cycles, a cycle consisting of
20 hours of freezing, cumplete immersion in the thawing bath for 4 hours, and
inspection for defects before replacing in the freezing chamber. Following
each consecutive five cycles, the specimens are to be air-dried at 16-32° (.
with a relative humidity of 30-7C percent for 24 hours, oven-dried for 72 hours,
and then weighed before the submersion beginning the next ¢ycle. Inspection
and veriodic weighing shell dotermine breaks, disintegration, or loss of more
than 3 percent of initial weight of each specimen.

Federal specificaticns 85-B-656 for brick grades H, M, and 8 are given
in table 10, The specificatimms state that a sample shall consist of 10 bricks,

TABLE 10. - Federal specifications 85-B-556 for
brick grades H, M, and S

Maximum absorption, percent Modulus of rupture, 1b. pPer 89, inch
Individual
(Grade Average cf 5 maximum Average of 5 Individual minimum
H 10 or less 12 600 or more Tlo)
M 16 20 450 to 600 300
S No limit No limit 300 to 450 200

Compressive strength requirements and other spécifications covering brick
are those set up by A.S5,T.M. designation C 62~h9.22/
covered (table 11):

Grade SW:

Three grades of brick are

Brick intended for use vhere a high degree of re-

sistance to frost action is desired and the exposure is such +that

the brick mey be frozen when permeated with water.

12/’American Society for Testing Materials, 1949 Book of A.3.T.M. Standards ;
Philadelphia, Pa., part 3, 1949, pp. 564-568.
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Grade MW; Brick intended for use where exposed to temperature
below freezing but unlikely to be permeated with water or vwhere a
moderate and somewhat nonuniform degree of resistance to frost acktion
is permissible,

Grade WW: Brick intended for use as back-up or interior masonry,
or, if exposed, for use where no frost actlon occurs; or if frost
action occurs where the average annual precipitation is less than 20
inches.

L

TABLE 1l. ~- Fhysical requirements for brick, A,.S5.T.M.
designation ( 62-I9

Minimum compressive
strength |
(brick flstwise), Maximm water |
Pes.ls, absorption by 5-hr. | Maximum saturation
: gross area boiling, percent \ coefficlent
Design~- | Average of Average of |  Average of
ation 5 brick |Individual| 5 brick Individual | 5 brick !'Individual
Grade SW| 3,000 2,500 17.0 ' 20,0 0.7 . 0.80
Grade MW 2,500 2,200 ! 22,0 ' 25,0 .88 i .90
Grade NW 1,500 1,250 No ldmit No limit No limit No limit

In addition, the following requirements have been set up for freezing and
thawing testss

Grade SW. No breakage and not greater than 1.0 percent loss in
dry welght of any individual brick,

Grade MW, No breakage and not greater than 3,0 percent loss in
dry welght of any individual brdick.

During the Bureau of Mines investigation, samples were taken from all
known potential sources of ceramic material that are accessible from the centers
of population and consumption in the Railrcad belt. If preliminary tests
indicated that the material sampled was favorable for production of brick and
tile products, more-extensive physical tests were performed to check the
qualifications of the product ageainst stendard specifications for brick products.
The following deposits were tested for ceramic uses. .

Cley Products, Inc.

Location and Accessibility

The clay pit and plant of Clay Products, Inc., are on the shore of Knik
Arm 4,2 miles by road from the Alaska Railrcad terminal in Anchorage. The area
is served by a good gravel road and is accessible throughout the year., Figure
5 is an index map of the Anchorage area, showing the location of the property.
A plat of the Simonson homestead subdivision and e Brunton survey of the
deposit are shown on figures 6 and 7.
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Figure 9. - View of Point Woronzof from Clay Products, Inc., property.
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Physical Peatures and Climate

The property is on the tInff of a sea cliff on the outwash plain at the
base of the Chugach Mountains. At the plant site (fig. 8) the level of the
piain 15 60 to (5 feet above extreme high tide. The plain slopes gently to
the soutlwest, (Ses fig. 9.) »

Climatic conditicns at Anchorege are not rigorous. Monthly and annual
precipitation and monthly average temperatures are given in the Zeneral saction
on physical features and c¢limate for the Rallrcad belt., The data inciude a
1ist of the earliest dates in the autwm and the last dates in the spring on
which freezing temperaturs have teen recorded, '

History, Production, and Cwnership

Clay Products, Inc., was incorporated on July 15, 1gh6, for 50,000 shares
of common stock at $5.00 par value. Cemeron A. Rich and Howard J, Brown of
Anchorage weve president, and vice president and general superintendent,
 respectively.

A disintigrator, pugmill, hend cutber, and auger were secured, and the
brick plant begcan operations in Moy 1947. (See fig. 10,) Plant cperations
were limited to May through October of 1947 end 1948. The company was severely
hendicepped owing to lack of financing and modern equlpment, Hand labor was
ugsed extensively to mine and vrocess the clay. As a result, although the auger
for producing the brick was rated at 8,000 per 8-hour shift, it ectuslly
produced approximately 2,000 & day.

Although the ¢lay has a short firing renge, the firing was done in an .
wrocfed scove kiln, Consequently, losses due to overfiring, underfiring, and
raln were excessive, An example of wnderfired brick is shown in fig. 11.

Approximately 207,000 brick were produced before the plant ccased opera-
tlone in November 1948, Of these, 25,000 were made of clay from Sheep Mountain
and were scld as fire brick., Common brick (grade M) were sold at $75.00 per M,
face brick (grade H) at $80,00 per M, and fire brick at $250.C0 per M.

The brick were used mainly in cemstructing chimmeys and fireplaces. In
19&8, the first brick building in Anchorage was constructed, using brick from
Clay Products, Inc. Approximately 26,000 brick were used in this building -
the Telephone Exchange. , .

Clay Products, Inc, owns 3.8 acres in sec, 22, T, 13 N., R, 4 W,, Seward
meridian, It can be described more fully as lot 1 of the Simonson Homestead
Subdivision (fig., 6), At one time, the compeny also held a clay-mining opticn
on lots 2 and 3 and those portions of lots 9 and 10 lying north of the Alaska
Commmication System rosd. This option has been reliquished,
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Description of Deposit

Pleistocenc marine clay of estuarine origin is exposed along the sea cliff
on Knik Arm from Point Woronzof to the mouth of Eagle River (fig. 5). Several
small deposits of clay are farther north along the coast, but the best deposits
are near Anchorage. The clay is blue to grey, is very sticky when wet, and
containes a2 varying amount of fine silt, which occurs as thin laminations in
the clay. _

Frost action on the clay forming the bluff at the property of Clay Products,
Inc,, has produced blocks of clay 2 inches to 3 feet in diameter. The blocks
are now separated by sand, which has been washed in from the overburden,

Bureau of Mines auger-drill holes indicate approximately 49 feet of clay
above extreme high tide and at least 75 feet below extreme high tide. This
indicates a totel thickness of more than 124 feet at this location.

Work by Bureau of Mines

Preliminary examination of the clay deposit on the property of Clay Products,
Inc., by the Bureau of Mines indicated that the clay exposed in the sea cliff
could be trenched and sampled. Two trenches were excevated by hand near the
limits of the property; but digging was slow, as the face of the bluff is
covered with 2 to 8 feet of loose sand, which caved and ran into the trenches.

No samples were taken from these trenches, It was found that frost
action had broken the clay into blocks and that the voids between were filled
with sand from the overburden. Therefore, a representative sample of the clay
could not be taken.

Five 6-inch auger-drill holes were sunk by the Bureau of Mines to procure
the semples necessary for testing and to develop clay reserves, The location
of the holes, with elevation and depth of overburden and clay, is shown in
figure T, All holes were still in clay when stopped.

Clay-Utilization Tests
The following semples were taken from the deposit of Clay Products, Inc.,
and submitted for investigation of uses. The sample number, hole number, and
position of sample in the drill hole are given in table 12,

TABLE 12, - List of samples from deposit of
Clay Products, Inc,

Sample No. | Hole No. | Frome Tom “Teet
g T 9.0 24,0 15.0
15 1 24,0 38.0 14,0
16 1 38.0 48,0 10.0
17 1 ! k8,0 60.0 12,0
18 2 ! .0 20.0 20.0
19 | 2 20,0 35.0 15.0
20 ! 2 35, 50,0 ' 15.0

-2h .




TABIE 12, - Iist of samples from deposits of
Clay Products, [nec. (Cont.)

Sampls No. | Hole No. . From- 1 To- - Teet
21 2 50.0 ! 60.0 . 10.0

22 2 0.0 | 700 | 10.0

23 | 2 70.0 | T5.0 i 5.0
2k | 3 15.0 | 30,0 | 15.0
25 ! 3 30,0 ' k0.0 1 10.0
26 ! 3 I k0.0 | 50.0 | 10.0
27 ' 3 L 50.0 | 65.0 . 15.0

. T2 I - 20.0 | w.0 | 20.0
73 5 . 10.0 1 L0.0 30.0

Th 5 " B0.0 T 65.0 25,0

In taking the samples, a ball of clay was taken from each pull of the auger.
Each run represents approximetely 5 inches. Duplicate and triplicate samples
were taken to provide test materisl for products other than brick.

The results of preliminary tests by the Bureau of Mines laboratory at
Seattle are given in table 13.

TABIE 13. ~ Results of clay-utilization analyses of samples
from Clay Products Inc., deposit

:Absorption, percent i ‘Modulus of

Sample | Fired !Bh-hour 5-hour | Absorption | rupture,

number to cone, soak f boil :coefficient | p.s.i. Remarks
14 010 ! 13.9 : 4.0 ; 0.99 | 919  Underfired.
14 j05-06 | 112 . 116 | 96 | 1,288  Good.
b 2 1.9 l 2.5 ! 7T 0 2,487 i Overfired.
lﬁ&l/ 010 | 1k.9 6.2 | .92 t 2,275 . Underfired.
15 ¢ 09 ik | 15.0 96 | 85 . Do.
I/, 05 | 13.h . 13.8 97 | 2,509  Slightly underfired.
15 ob 1.4 ! 11,1 O% . 1,509 Good.
15 2 - f - - | - i Overfired.
16 09 |15.1 | 15.4 98 | 1,227 | Underrired.
16 !05-06 10.8 ! 12.6 86 | 1,362 |mir, slightly

: 1 f v undexfired,
X o010 | 151 | 16.3 92 Y 2,247  Underfired.
17 | 010 | 1h.8 15.0 | 99 | 1,326 | Do,
17 05-06 i 1l.2 11.7 | .96 F 1,351 IGood.
17X ¢ 03 5.9 6.9 85 . 4,124 'Slightly overfired,
17 | 02 | Bloated slightly | ! ' Overfired.
1B 0 09 1140 S 7 T A 99 ' 925  {Underfired.
18 . o l 3.9 L6 85 2,099 Fair, slightly
! i i . . overfired.

19x : 010 | 15.8 | 16,9 . .93 ! 2,264 Underfired.
19 1 09 1150 :  15.3 .58 1,323 Slightly underfired..
X | 06 149 ' 15.1 .99 2,875 . Do.
19 ' 05 . 8.9 9.4 .95 11929 Good .

1/ All clay samples contain 20 percent of Ottawe sand, except those marked
which contain no sand. Sand added to reduce plasticity and drying and
firing shrinkage.
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TABLE 13. - Results of clay-utilization analyses of samples
from Cley Products Inc., deposit {Cont,)

Absorption, percent Mbdulus of
Semple| Fired |[Zl-hour | 5-hour |Absorption | rupture, |
number|to cone| soak boil Coefficient Pegsl, Rema rks
202/ 1 08 1.1 1k .6 0.96 2,965  |Underfired,
208/ | 05 12,4 2.7 .98 2,819 |Pair,
20 08 15.5 15,7 99 1,326  |Underfired.
05 8.8 9,2 .96 2046 IGood,
202/ 102-03 | Bloated slightly f
202/ | 2 | Bloated |
21 ' 010 | 15.3 15.9 .96 1,118  |Underfired.
21 !02-03 Bloated ]
22 .09 .7 15.3 96 1,075  {Undexfired,
22 | 02 4.4 5.1 8L 2,180 Slightly overfired,
23 010 ! 1k.k 15.3 9k 578 ! Underfired.
P02 | 9.7 1.2 .86 1,856 Good,
233/ . 010 514.3 15,5 92 "504  |Underfired.
ey + 08 14,0 16,0 .92 1,313 Do,
2k 010 ' 14.0 14,2 .98 343 Do,
2y . 03 | 8.5 9,1 .93 3,904  |Slightly overfired.
2k 02 72 8.2 0.86 1 038 Good.
e5% ' 010 . lh,7 16,1 91 1 55% | Underfired.
25 . 09 14,3 ' 146 .98 , 698 B Do.
25 E Oll- 8 06 9 06 087 ! l, 689 Good,
258 . 03 ; 3.1 3.2 97 5,017 Overfired,
26 010  1k,k 15.0 96 | 1,119 :Underfired,
26 05 10.3 10.8 94 | 1,355 | Good,
27X 010  15.1 16.2 93 2,794 |Underfired,
27 o0 1k, 15,1 .99 1,082 Do,
27 1 05 . 9.k 9.8 Ok 1,764  {Good.
27X 03 ] 1.8 1.8 1.0 6,406 Overfired,
27 2, 3 A .83 2,813 Do,
72X 09 | 14,0 13.6 .93 1,947 | Underfired,
72X 05 12.7 15,1 93 2,734 |Pair,
72X 01 8.1 9.6 85 3, 88h Slightly overfired,
73X 09 13.7 Wb .91 2,758 Underfired.,
73X 05 112.1 13 .20 95 ‘ 3 770 |Feir,
73X 01 8.0 8.9 90 5, 360 Slightly overfired,
Thx 09 115 .o 15.2 98 2,834  |Underfired.
7ux 05 1l.k b 92 u 18  [Good.
| 01 8.7 9.6 | 90 5571 |Slightly overfired,

T4x
7 Contains 20 percont Alacka sand.,
%/ Contains 25 percent Ottawa sand,

All clay samples from the property of Clay Products, Inc., at Anchorage
exhibited a short firing range. Optimum firing temperatures ranged from cone 06
(1,841° F.) for sample 16 to cone 02 (2,003° F.) for sample 23. The relative
altitudes of the samples in the clay deposit and their respective firing '
temperatures are compared in figure 12. The results of the preliminary testing
indicate that cone 02 would be the best firing treatment for the upper part of
the formation and cone 05 for the main body,
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Auchorage sand obtained from the overburden of the clay deposit was added
to sample 20, but there were no indications that shrinkage was reduced materially
by this addition, Ottawa sand, a pure, slzed, silica sand, wes added to the
samples &s Indlcated in table 13. The sand was added to reduce rplasticity and
drying and firing shrinkage., The drying shrinkage was decreased, but the sand
did not improve the firing characteristics materially and cnly slightly extended
the firing renge. ‘ '

At the lower tomperatures, cone 010~08 (1,634°-1,733° F,), the absorption
was high end firing shrinkage was just becoming apparent. Strength vas good
when no sand was added but poor in samples containing 20 percent Ottawa sand,

At the higher temperatures of .come 06-05 (1,841°-1,886° F.), the test
pleces were usually slightly underfired but probably would be sceeptable if
their freezing and thawing resistance was satisfactory. When flred to cone 05,
the absorption remeins slightly above that recommended but is probably the best
firing temperature.

Color of the fired pieces was not good; it ranged from & light salmon, at
the lower firing temperature, to a very dark red or brown at the higher tempers-
tures. Slight variations in temperature resulted in marked changes in color
and quality of the fired product. For this reasomn, these clays would require
very careful firing,

Although the results of the above tests indicated a short firing range
and high absorption coefficients, with resultant poor weathering qualities,
the location of the deposit, its extent and the past production of over 200 000
brick warranted additional testing.

Freerzing and Thawing Tests

Accelerated weathering tests were performed on brick made from clay
collected at the pit of the Anchorage Clay Products Co., Anchorage, Almska.
Four of the 15 bricks tested failed, Failure occurred when the test brick .
lost more than 3 percent, by welght. All failures were due to lamination in
the brick resulting from forming.

The bricks were formed from samples 14, 15, 16, 18, 19, 2k, 25, 26, and 27,
The first five samples were combined for form composite 1 and the last four,
composite 2, IEqual portions of composites 1 and 2 were used Lo make up
composite 3, Preliminary testing showed that inert material would have to be
mixed with each composite to reduce drying shrinkage. Hence, grog msde of
burned clay from the deposit with an equal welght of sand was mixed with each
composite before forming. Additions of 22- l/é percent of grog and sand reduced
laminations somewhat, but further additions to 32 percent were necessary to form
the brick. Additicns above this amount made the feormed piece too weak,

£11 brick that failled in 50 cycles or less of freezing and thawing showed
weight losses on the top surface of the brick rather than in the part submerged,
Spalling began, in every case, at small surface cracks and followed lsminations
within the brick,
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withstand the accelerated weathering tests,

The short firing range, high shrinkage, and sticky plasticity of clay
from the Anchorage deposit will make manufacture of a good brick extremely
difficult, but a well-fommed and properly fired brick made from this clay will

The percent weight lossos

recorded for the brick tested are shown in the following tab
was done according to A,S.T.M. designation 067-L44 Method B20 , except that

welght losses were measured after each 10 cycles instead

Welght loss after testing, percent

Composite|Sample Cycles
No. No. 10 20 30 40 50
1 1 0,0 0.0 0.0 pIR' 2.2
1 2 IO aO .O l,‘" 900
1 3 0 0 .0 oL 8
1 5 L0 .0 .0 t 0 .0
1 7T 1.0 .0 A0 1
1 8 .0 .0 B R . .1
2 1 ..0 O 1 0 P73 -
2 3 1 0 O L2
2 ¥ o oo 1] 6.7 -
2 | 5 .0 | .0 O L0 el
2 6 .0 .0 . .0 " 1
3 1 0 |0 | .0 , 1 21
3 ;2 l L 0 0 0, W0 -
3 1 ll‘ [ .O I 00 .O i 00 | 1.3
3 i 5 i .O ! 0 «Q ok ! .

All testing

of the prescribed five,

One of the six bricks made from composit 1 failed and one more excceded 1

s

percent loss after 50 cycles of freezing and thewing.

of the five bricks tested failed in 40 or more cycles.

A well-formed and fired brick, free from surface cracks can be expected to
Composite 2 showed more failures than did 1

withstand the weathering tests.
or 3 due to the greater tendency to laminate,

The following data have been furnished through the courtesy of Clay Products
Inc, They are the results of test for the army %y Fay, Spofford, & Thorndike,
Anchorage, Alaska, on brick produced by Clay Products, Inc., during its opera-

tions,

A 600.95

Materials Testing Iaboratory
FAY, SPOFFARD & THCRNDYKE

Anchorage, Alaska

Test of Clay Brick

Source.....-.u-.-.-..u.u.-.

Sampled and submitted W eveses
Date receiveleeeesevsnssessnee

Testo.ocoquooonuolnoco-otonoco

Sample descrip‘tion. Seesnrnenrse

In composite 2, three
None of the bricks
made of composite 3 failed, but two had weight losses over 1 percent.

30 June 1948

Clay Products, Inc., Anchorage, Alaska
Clay Products, Inc.
June 12, 19k8

For conformlity with Federal Spec.

85-B~656

Grade H or M, plus compressive strength.

14 wire-cut clay tick, with penciled notations on
each as follows:

3

20/ American Soclety for Testing Materials,
1949, pp. 585-591.
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Sample Notation
B Underfired, from top, es8t. 10 percent kiln, high
sand mixture.

D Toper 1/3 of klln, high sand mixture.
by Upper 1/3 of kiln, low sand mixture.
H Center of kiln, high sand mixture.
J Lower 1/b of kiln, low sand mixture.
L ILower 10 percent of kiln.
K Arch brick, est. 3 percent of kiln,
Test Data
{ Percent
Dimension, jabsorption | Mod. of Rupture, iComp., Strength,
Sample inches 5-hr, scak | lb, per sq. in. |lb. per sq., in.
A 8.3 x k.Ox 2.5 13,6 412 3,110
B 8.2 x b.0x2.,5 | 1k L95 2,650
¢ 8.2 x 4,0x2.5 1 14,1 529 3,380
D 83xhko0x2.5; 14,2 648 3,530
B 8.2x b,0x2.51 14,6 630 5,300
F 8.2 x 4,0x2.5 1 15,1 810 4,530
G [8.3x3.9%x2.5 " 11.7 1,162 5,800
H 83xLko0x25 ] 125 , 758 4,660
I 7.9x3.8x2.k4 7.3 \ 1,763 7,000
J [7.9x39=x2.4 0 7.8 ; 1,950 7,100
K 7-8x3.8x2.4 1 6.0 * 2,120 11,580
L |7.9x3.8=x2.4" 7.0 ! 1,k20 10,0L0
M !17.9x3.8x2.4 5.00 1,353 . 9,500
N 17.7x3.8x2.3 6.h. 2,300 E 9,520
Requirements, Federal Spec. SS-B-656
Maximum absorption Mod. of ryupture, lb. per 8q. in.
Average of Individual Individual
Grade 5, percent maximum, percent Average of 5 . _minimum
H 10 or less 12 600 or more 40oo
M 156 20 450 to 600 300
S No limit No limit 200 to 45C 200

(No compressive strength spzcified in Federal Spec, SS-B-656)

Compressive strength requirement, A.S.T.M. € 62-49

Minimum Compressive Strength,
1b, per sq. in. gross area,

Designation Average of 5 bricks Individuel
Grade SW 3,000 2,500
M 2,500 2,200
W 1,500 1,250
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Remarks: All bricks conform to the requirements of Federal Specifications
S8-B-656, Grade M. Bricks I to N inclusive meet the requirements

of Grade H,

All bricks meet the compressive strength requirements of A.5.T.M.
¢ 62-kh, Grade SW, with the exceptions of bricks A and B, which
can be classed as Grade MW in compressive strength,

Conclusions

The sticky, plasticity and resultant high shrinkage properties of the
Anchorage clay samples presents 8 serious difficulty in forming structurally
sound brick., The clay has a strong tendency to laminate in forming because
it adheres to the auger blades, This tendency can be redueced by adding non-
plastic material, such as grog or sand, These additions should be controlled
carefully, as an excess will seriously reduce the green strength of the piece.

An extremely short firing range will hamper production of a good fired
piece., Satisfactory brick, however, may be and have been produced from the
Anchorage clay.

American Roofing Co.

Location and Accessibility

The clay area under lease to the American Roofing Co. is on both sides of
the Potter Highway where it crosses Rimonds Creek. It is approximately 11
miles from Anchorage by a well-maintained road which is kept open for travel
throughout the year,

Production and Ownership

The fellowing land is held under a mining lease from the Bureau of Lend
Manegement ; Unsurveyed lands on the Potter Highway near the Junction of highway
and Edmonds Creck, Approximately l,h75 feet at a bearing of N, 10° 45' E, from
the 101.,5 post on the Alaska Railrcad to the southwest corner of area requested;
then N. 02° 28' w,, 2,640 feet; S. 87° 32' W, 1,920 feet; and S. 02° 28' E,

1,920 feet to point of beginning. An area of 300 feet on each side of the
Potter road is excluded, leaving an area of 80 acres more or less, The lease

is held by A. T. Van Dolah, an individual trading as the American Roofing Co., of
Anchorage, Alaska., He has more recently staked placer claims covering the area
held under lease.

The Bureau of Land Management has indicated that although the lease excluded
an area of 300 feet on each side of the road, the clay adjacent to the road

might be used if an operating concemm is established., This was an important
concession, as the road reservation covers the major portion of the clay.

There has been no production from this deposit,
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Doseription of Deposit

The clay deposit on the lease of the American Roofing Co. at Edmonds Creek
on the Potter Highway is on both sides of the road and is exposed in several
road cuts, The clay deposit represents a clay bed of glacial origin that has
been partly removed by surface erosion. The greater part of the clay now
kngwn is in several small, rounded knolls covered with glaecial gravel in an
area 1,000 feet long and approximately 800 feet wide, parallel to the highway.
Meximum depth of clay measured was 14 feet., Between the knolls the clay has
been entirely eroded, leaving a mixture of clay, peat, and gravel,

The clay 1s in part very impure; it contains over 10 percent glacial
gravel,

Clay-Utilization Tests

Four samples were taken from the c¢lay deposit on the lease of the American
Roofing Co. The first two samples, 1 and 2, were taken along the point of the
knoll 100 feet north of the Americen Roofing Co, plant site. The results of
tests on these samples are given in table 1k,

TABLE 14, ~ Results of clay-utilization analyses, of
samples from American Roofing Co. deposits

Firing Absorption, percent Modulus of
Sanmple | Fired shrinkage, 24 -hour S«-hour |Absorption | rupture,
number to cone| percent soak boil | coefficient PeSei Remarks
1 010 nil 15.7 16.3 0.95 Thl Slightly
undsrfired
07 0.3 15.5 15,7 .99 1,191 Do,
03 5.8 549 6.6 89 3,866 Overfired.
o2 - - - - - Badly
bloated,
2 010 5 4.8 1k.9 +99 1,793 Underfired,
o7 o7 4.1 14,3 .99 2,717
03 Severely
bloated.

Two additional samples were taken 400 and 500 feet, respectively, south

of the pilant site,

those already tested,

Conclusions

These samples were not tested because they were similar to

Neither sample tested is suitable for making structural clay products,

because of a very short firing range.

The coefflicient of absorption after firing, which is the ratio between
absorption after a 24-hour soak and the absorption after a S-hour boil, is too

high in all cases,

to freezing and thawing.

maximum absorption coefficient of 0,78.
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These clays ranged from 0.89 to 0.99.
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Chickaelom-Formation Shale

Introduction

In the search for raw materials for heavy-clay products, samples were
taken from all favorable formations within a suitable radius of Anchorege.,
Among those sompled was the shale from the Chickaloon formation in the
Matanuska Valley.

Location and Accessibility

The Chickaloon formation is welle-exposed in the valleys of Moose and
Eska Creeks, Sample 13 was taken on the road leading to the Evan Jones and
Eska coal mines approximately 1.5 milles north of the paved Glenn Highway.,

A second sample, 33, was taken from the shale outcrop along the banks of Eska
Creek behind the Eska coal mine, The area is connected by a good gravel roed
to the highway at Sutton, mile 61. The general location of this area is
shown in figure 3,

Description of Deposits

The shales in the Chickalom formation are rather silty and sandy. Beds
are not uniform and vary in both thickness and composition within short dis=-
tances. Although the Tertiary Chickaloon formation is composed mainly of sand-
stone and shale, conglomerate, claystone, and coal beds also are present.

Semple 13 was taken from a 10-foot zone of black shale dipping gently
southeastward on the left limit of Eska Creek east of the bridge across Iska
Creek. Here the banks of the creek are composed of a succession of sandstone,
conglomerate, claystone, coal, and black shale. Sample 33 was taken from a
22~foot bed of rather sandy shale on Eske Creek gast of the Fska coal mine.

Clay=-Utilization Tests

The results of laboratory tests on sample 13 are given in table 15,
Sample 33 developed only weak plasticity. Because it did not develop enough
plasticity to form test pieces, an initial test with a 20-percent addition of
sample 20 (Anchorage clay) was made. Enough plasticity still was not developed,
and tests using 50 percent Anchorege clay also were unsuccessful.

TABIE 15, - Results of clay~utilization analysis of samples of
Chickaloon-Formation Shale

Absorption, percent iModulus of !
Sample i Fired IElL-hour S5-hour | Absorption ! rupture, ]
rumber |[to cone, soak E boil | coefficient | p.s.i, | Remarks
131 06 g | 15.7 0.81 | 503 |Underfired.
3o | kg 8.7 56 1 1,415 ' Good.
B 2 4.3 , 6,7 63 | 2,h2 . Do,
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Conclusions

Although cample 13 exhibited a short firing renge, structural clay products
probebly could be made if firing were comtrolled carefully, After grinding, it
develops fair plssticity end works well., Salt-glazing tests indlcatc that this
shale will accept a salt glaze satisfactorily.

Sample 33 was not amenable for the producticn of clay products. The
results obtained from sample 13, however, indicate that additional samples from
this formation should be taken for investigation as a possible source of shale

. for sewer tile and other structural clay products.

Matanuska-Formation Shale

Introduction

Shale beds in the Matenuska formation of the Upper Crotaceous were among
those tested as a source of clay products.

Location and Accessibility

The Matanuska formation is exposed along the lower Matanuska River for
more than 22 miles. The base of this formation 1s represented in part by a
serles of black shale relatively free from sandstone end grit. Three samples
of this meterial, 11, 53, and 5k, were taken for investigation.

Sample 11 was taken along the road cut at mile 67 on the Glenn Highway,
The area is 6 miles east of Sutton on the Matenuska Brance of the Alaska Rail-.
road; 1t is accessible throughout the year on paved highway. The location of
the area is shown on figure 20, The sample location is shown on figure 22,

The other two samples were from an outcorp at mile 16 on the Matanuska
Branch of the Alaska Railrocad,

Description of Deposits

The shale at mile 67 is exposed in the north end of a road cut. Probably
it extends northward to the bluffe along Kings River (fig. 22). No bedding
” could be determined in the shale. The outcrops contained only a few, small,
scattered grit facies. A zone of medium-grained, dark-gray, dirty sandstone (?)
bounded by two vertical east-west faults occuples most of the road cut and
teminates the shale on the south,

Samples 53 and 54 rcpresent sections 500 feet apart across an 80-foot sone
of similar black shale, which is 200 feet west of mile 16 on the railroad to
Sutton. This formation strikes N, 75° E. and dips 859 northwest,.

Clay-Utilization Tests

The results of tests for ceramic uses of the above samples are given in
table 16.
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TABLE 16. - Results of clay-utilization aenalyses of
gamples of Matanuska-formation shale

i _Absorption, percent Modulus o
Semple| Fired | 24-hour | S5-hour Absorption | rupture,
number | to cone | soak I boil coefficient| p.s.d. Remarks
11 06 10.5 P13.1 0.8 826 Boft, underfired,
11 02 - ! - - 2,49L ‘Bloated.
11 2 - ! - - - 'Bloated end fused.
53 011 13.7 i 1hk,5 95 518 |Underfired.
53  {01-02 1.1 b 2.5 Jh . 2,540 |Overfired,
53 3 Bloated Do,
54 011 14.0 ! 1,7 I .95 611 |Underfired.
54 1-2 : M 1.3 : 31 3,057 (Overfired.
54 3 | Bloated | | Do,
Conclusions

These shales are so highly metamorphosed that it is not considered economic
to use them to make structural clay products industrially, When ground to pass
20-mesh and worked with water, they do not develop enough plasticity to allow
shapes to be formed,

The range between cones 011 and 01-02 might yield a satisfactory product,

but high resistence to grinding, weak plasticity, and poor fired color are
factors that make this shale undesirable for use in structural-clay products.

Sheep Mountain Clay

Introduction

During l9h8, 50 tons from a clay deposit on Sheep Mountain was sold to
Clay Products, Inc., of Anchorage for fire clay, Approximately 25,000 brick
were produced Trom this materiasl and sold for use ag fire brick in the Anchorage
area.,

The Sheep Mountain area wasg investigated by the Geological Survey during
the summar of 1949, A geologic map was prepared of the area containing the
gypsiferous and clay deposits (fig. 13).

Location and Accessibility

Sheep Mountein is on the Glenn Highway 113 miles northeast of Anchorage.
The principal clay deposit is 3,200 to 3,500 feet above sea level, Although
the Glenn Highway is maintained throughout the year, access to the clay
deposit over the steep, unimproved road would not be practicable during the
winter months,
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Physical Foatures

Sheep Mountain is e vardicelored, northeast-trernding ridge whose summit is
over 6,000 feet above ses level, It is at the head of the Matamusks Valley
between Caribou Creek and Tehneta Pazs,., The area is near the central part of
the south flank of the mowmtain.

The slopes are precipitous; two deep ravines, which mark the paths of
Gypsun end Yellow Jacket Creeks, traverse the gypsiferous area.

Although there is little vegetation on the steep slopes, the base of the
mountain and the valley below is covered with scattered spruce, blrch, cotton-
wood, and undergrowth of smzll brush and grasses,

History, Production and Cwnership

The gypsiferous area on Sheep Mountain wos partly covered by a group of 1k
claims staked in 1946 by George E. Fennimore, Nellie Fennimore, and Ieland
Johnson of Anchorage, Alaska, and Robert Clem of Palmer, Alaska, The claims
then were grouped under the Alaska Gypsum Queen Corp., which congists of Mrs,
Gecrge H. Pennimore, president, Gecrge H. Fenmimore, lLeland Johnson, and Robert
Clem, '

The Alagka Cypsum Queen Corp. leased the claims to Anchorage Gypsum
Products. Anchorage Gypsum Products had been formed@ by George H, Fennimore,
Don H, Goodmen, and Edwin Johanson of Anchorage to produce gypsum products for
the building-materisls industry.

A small caleining plent was constructed on Gypsum Creek, and over 50 tons
of calcined gypsiferous matexial was produced from the deposit along Gypsum
Creek.

From the  clay deposit on Yellow Jacket Creek, 50 tens of claywas sold to
Clay Products, Inec., of Anchorege for the production of brick, and approxi-
mately 5 tons of elay was sold in Pglmer for lining boiler fire boxes.

Description of Deposit

The clay deposit on Yellow Jacket Creek is shown on figure 8., This deposit
is composed of clay minerals, gypsum, and quartz-sericite rock, which are
alteration products of the volecanlc rocks in the Lower Jurassic Talkeetna
formation., The color of the material ranges from white through yellow to a
light orange. It is very plastic.

The deposit forms the nose of & spur ridge on the left limit of Yellow
Jacket Creek, 3,200 to 3,500 feet above sea level. It is exposed throughout
a vertical range of about 300 feet, a length of about 5C0 feet, and a width
of about 250 feet. The average thickness of the deposit is 1.5 feet.

Sample 35 was taken from the clay pit of Alaska Gypsum Products neear the lower
oxtremity of tho deposit. It is representative of the material sold for fire
clay. OSample 38 was taken at an altitude of 3,400 feet.
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The results of prcliminary tests of samples 35 and 38 from the clay deposit

Clay-Utilization Tests

at Sheep Mountain are given in table 17,

TABLE 17. - Results of clay-utilization analyses of
samples of Sheep Mountain c¢lay

| Absorption, percent Modulus of
Sample | Fired ' Zh-hour | S-hour {Absorption rupture,
number | to cone | soak I boil | coefficient DSl Remarks
35 06 | 8,1 1 10.8 0.75 3,136 |Good,
35 03 -0k 7.k 9.6 ST 3,281 Do,
35 2 6.9 9.4 .73 3,955 Do,
35 3 | 6.4 10.0 b 3,623 Do.
38 06 | 6.k 7.6 8l 3,289 Io.
38 03-0k4 5.8 7.2 b1 3,610 Do.
38 2 4,1 N 87 4,143 Do,
38 | 3 4.7 565 86 4,430 Do,

The above samples showed good possibilities in making structural-clay

products .,

nade .

Additlonal tests to determine thelr resistance to weathering were
The results of the tests covering the firing to temperature that resulted

in low absorption are given in table 18; the tests that resulted in higher

absorption are given in table 19,

In both cases, semples 35A and 38A contain

15 percent grog additions (prefired clay to reduce shrinkage) of their own
respective material.

TABIE 18. - PFreezing-and-thaving tests on samples 35 and 38 of

Sheep Mountain clay, firing for low absorption

; Weight |24-hour absorption ! \

Sample Specimen; loss, |Before After | Absorption Structural failure
No. No. |percent | test test | coefficlent | No. of ¢ycles
35 5 . 1,09 T.14 7.70 0.78 None .

10 © 1,10 7.78 8.30 .78 Do.

11+ .33 8.56 8.56 JTT Do.

12 ; 1,26 7.68 8.53 .76 Io.

13 1 1.13 7.46 8.12 7 Do.

1 1,0k 7.07 7.72 5 Do,

1 1k 7.63 8.4k oTH | Do.
‘ ; ?

354 6 | 1.48 8.93 9.78 12 i Do.

T . 130 | 8.25 9.17 .71 | Do.

8 § 1.1 9.17 10.21 gl ; Do,

10 | W30 | 8.2 L 8,70 82 g Do.

: 11 | 25 8,14 8.56 80 i Do,

I V- [ 25 7.2k T.51 .78 Do,

i 13 ! 031 ‘ 6095 7-58 07)"' | DOQ

ik | 35 | 7.2 8. k7 76 | Do.
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TABIE 18. - Freczing-and -thawing tests on samples 35 and 38 of Sheed
Mountain clay, firing for low absorption (Cont.)

iWelght |24-hour sbsorption
Sample|Specimen: loss, Refore ! After Absorpiion Structural failure
No . No. percent | test test coefficient | No. of cycles.
38A | 7 .39 8.71 8.89 0.79 Do .
8 2k 8.63 8.85 ST Do.
9 .27 8.26 8 .26 7 | Do.
10 ; 27 i 9.25 9.33 79 Do.
P 22 | 8T . 8.5k .78 Do .
P b 350 8.30 1 8.53 T8 Io.

——r

TABIE 19. -~ Freezing-and-thawing tests on samples 35 and 38 of Sheep
Mountain clay, firing for higher absorption

Weight } 2L-hour absorption
Sample{Specimeni losz, | Before | After | Absorption Structural faillure
Ne. No. Ipercent|{ test 1 test | coefficient | No. of cycles.
35 11135 | 858 1 9.35 0.79 None.
2 ' w99 ! 9.0 : ©.85 79 To.
3, .99 | 8.94 9.61 B1 Do.
L 99 | 8.0k 8.7h .76 To.
6 1.13 § 8.42 9.09 79 Do.
7 1.19 9.k L 10.15 .81 Do .
; 8 1.26 911 9.98 81 Do.
35A 1 1.87 | 12.03 | 13.10 Bl o
2 1.79 111.78 12.77 .80 Do.
3 1.92 1 12.47 13.39 B85 o.
pn 2,14 12.14 13.15 .85 o,
5 1.46 10.38 11.33 .82 To.
38 1 25 1 9.28 10.05 86 Do.
2 05 ) 10.07 10.58 .91 Do.
3 10 0 10.22 11.13 .90 To.
L 25 1041 11.09 91 Do.
5 .15 9.91 10.18 .93 Do.
6 .10 | 10.04 10 .26 91 Do.
‘ 7 20§ 11.17 11.49 .93 Do.
; 8 - | 10.26 - 91 35
| !

384 1 20 1 12.09 12.09 .90 None.
i 2 20 112075 12.75 .90 Io.
L3 5 111.64 11.6% | .90 To .
{ b 20 1 11.80 11.80 .90 | Do.
| 5 20, 11.94 I 11.94 .90 ; Do .
i 6 - | 13.32 ! - 91 { 42

Of the two failures indicated, samples 38-8 and 384-6 failed in virtually
identical manner, owing no doubt to structural faults. Cracking began horizon-
Hally across the face of the bars and halfway down each side at approximately
the center of the bar with respect to length. The crack increased gradually,
sample 38-8 failing completely 5 cycles later; sample 38A-6 failed 10 cycles
later.
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Samples of the brick made of the clay from the Sheep Mountain deposit by
Clay Products, Inc., of Anchorage were submitted to the Corps of Engineers for
testing as fire brick. The results are given in table 20 by permission of
the Arny Engineers.

Sample Cone number and tenmperature

215 - 1 Cone I5+1/, or 1,4200C.

515 - 2 Cone 15+, or 1,k200C.

515 - 3 Cone 15+, or 1,420°C. .
515 - kb Cone 15+, or 1,k20°C.,

215 - 5 | Cone 15+, or 1,420°C.

&/ Flus sign indicates sample withstood heat of cone in-
dicated but failed to withstand heat necessary for
next cone in series.

Note; Test performed in accordance with A.S5.T.M. ¢ 2k-42,

Standard method of test for pyrometric cone cquiva-
lent of refractory materials.

During the testing by the Bureau of Mines, clay samples 35 and 38 from
Sheep Mountain also were tested for their P.C.E. The P.C.E. of sample 35
is cone 8 (2,237° F.). Sample 38 when washed was a cone 28+ (2,939° F.); the
residue from the washing is cone 17 (2,669° F.).

Conclusions

The results of the above tests on the two samples of clay from Sheep
Mountain, samples 35 and 38, indicate that the clay has excellent working
characteristics and fired strength. Both samples show merit for most ceramic
uses. Sample 38 has merit for low-heat-duty refractory use. Although sample
38 is the more refractory of the two, it forms a denser body on firing, as
denoted by lower absorptions, because of its higher clay content.

In the freezing-and-thawing tests, none of the samples tested exceeded
the maximum permissible weight loss of 3 percent specified by A.S.T.M. DNo
partial failures occurred, except in samples 38-8 and 38A-6, as already noted.
Modulus of rupture of the respective samples before and after freezing-and-
thawing was consistent. This indicates no appreciable decrease in strength as
result of the weathering tests.

In view of the severity of the A.S.T.M test, which involves repeated
conplete saturation, immersion during freezing equivalent to ljé inch on
compercial-size brick, comparatively sudden and complete freezing, and constant
hendling, these samples have successfully withstood the equivalent of a rigorous
climate.

Although the tests indicate that the material represented by sample 38
shows possibilities for low-heat~duty refractory use, the clay mined (sample
35) was not of such refractory character. This is shown also by the P.C.E.
obtained during the tests by the Army Engincers « cone 15 on brick produced
from similar material. A cone of 19 is required for refractory use. DBurecau of
Mines tests on sample 35 gave a cone of 8.
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The Sheep Mountain clay with proper preparation, such as washing, is
capable of producing a dbrick of bigh-hest duty for refractory use., The P.C.E.
of washed sample 38 was cone 28.

Cantwell Shale

Introduction

Shales from a series of conglomerates, sendstone, and shales, which
included igneous material in the Contwell area, were sampled for their possible
ceramic use., OSample 51 was taken along the road cut at mile 321.1 on the
Alaska Railroad 1.4 mliles north of Cantwell, Alaska. Another sample, 52, wes
taken on the right limit of Little Windy 1 mile above the railrcad,

Description of Sawmples and Deposits

Shale, intruded by several narrov zones of lgneous rocks, cutcrops along
the Alaska Railroad almost continucusly between miles 321.) and 322.

A 250-foot bed of shale beginning at mile 321.1 was sampled and numbered
51. This shale strikes I. 60° to 759 E. and dips steeply northward.

Sample 52 was taken across a 200-Toot bed of shale, which forms a cliff
on the right limit of Little Windy 1 mile upstream from the Alaska Railroad.

Clay-Utilization Tests ,

The resulbs of ceranic tests for samples 51 and 52 from the Cantwell area
are given in table 21. Inasmich as neither sample developed enough plasticity
Lo Torm test pisces, 10 vercent of sample 35 (Sheep Mountain clay) was added
to semple 51, and a total of 17.5 percent of samples 35 and 38 (50-50) was
edded tc sample 52 before tests could be made.

TABLE 21. - Rosults of clay-utilization anslysss of
semples of Cantwell shele

TAOsorption, percont i | Modulus of!
Sample | Fired | Zda4-hour | S-hour | Absorptlon | rupture,
number (o cons | soak boil  coefficient | p.s.i. | Rema rks
51435 | 05 o7 166 0.88 | 493 | Underfired.
51+35 1-2 I, 13 .78 i 1,579 :Good.
51435 3 | Fused and bloated | | Overfived.
% : J i i !
524-23 ook ) 19 167 L9 583 | Underfired.
- ! ': 1 '
52-4-%3 © 1.2 ! 11.0 & 13,5 81 1,645 'Good.
. | ' :
52430 '3 ; Fused end bloated
B 0] a '
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Ceonclusions

The results fram these tests indicate that this shale is not amenable
for ceramic uses. The poor plasticity and short firing range rule these
samples out as raw material for use in structural-clay products.

Healy Shale
Introduction

The Tertiary coal-bearing formation in the Healy River Valley is com~
posed of a series of sandstones, grits, sh@les, claystones, fine conglomerate,
and coal beds thet probably are Miocene.2l/ Shele and clay from this series
were first investigated for use in brick and tile production in 1931 by
Gerald A. Waring.gé/ Samples were submitted, with very encouraging results,
to the Ceramic Experiment Station of the Bureau of Mines, Columbus, Chio.

The Healy Creck area was examined more extensively by the Geological
Survey during the summer of 154, On the basis of this examination a
geologic map and detailed sections of the formations were prepared.ég/

Samples from the two most prominent and persistant shale beds were
taken by the Bureau of Mines for ceramic tests,

Tocation and Accessibility

The shale beds sampled in the Healy River Valley are adjacent to the
Suntrana coal mine, which is connected to the Alaska Railroad at Healy by a
L-mile spur line. Healy, at mile 358.1, is 243 .8 miles north of Anchorage
and 112.2 miles south of Fairbanks (fig. 3). Rail transportation is avail-
able throughout the year. Pigure 14 shows the location of the coal and
shale Tormations in the Healy Valley relative to the Alaska Railroad.

Physical Features and Climate

The valley of the Healy River traverses the northern foothills of the
Alasks Range. Healy River flows westward and Joins the Nenana River at Healy.

The ceal-tearing formaticns are in areas of moderate relier that tend to
follow the east-west trend of the intervening ridges.

The climate is that of interior Alaska, which is characterized by hot,
short summers and long, cold winters, The weather conditions at Healy should
approzimate the average of weather conditions at Nepana and at McKinley.
Climastological data for Nenana and for Healy are given in the general section
cf this report.

21/ Work cited in footnote 2, p. 122.
22/ Waring, Gerald A., Nommetalliferous deposits in the Alaska Rnilroad Bolt :
Geol. Survey Circ. 18, 1947, p. 9.
/ Wehrhaftig, Clyde, and Freedmen, Jacob, Coal Deposits in the valley of
the Healy River, Alaska: Geol. Survey mimeo. rept., 1945, 8 pp.
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Description of Deposits

A 65- to BO-foot shale bed lies near the top of the upper member of the
coal-bearing formetion in the Healy VRlley. Numerous intercalated beds of
8ilt and fine sand are in the upper Eart of this bed, Figure 15 shows geologic
sections by Wahrahftig and Freedman2¥ / through the two sample locations.

Sample 45 was taken from the top 35 feet. of the upper main shale bed where
it crops out in Suntrana Creek, stratigraphic section B, The overlying Nenana
gravel is separated from this shale by 8 feet of sand. The shale represented
by sample 45 is green to gray and contains thin seame of sand. Sample 46 was
taken across the remaining 4O feet in this shale bed and is more wniform; it
contains very little sandy material.

A third sample, 49, was taken from this shale bed at section A, 1- 1/2
miles west of the first location. The shale bed at this point is 64 feet
thick and immediately beneath the Nenana gravel.

The other prominent shale bed is approximately 1,300 feet stratigraphi-
cally below the first bed sampled and lies on coal bed F (see fig. 15). Sample
47 was taken across the lower 40 feet of this bed at section B and was
relatively free of silty material. The upper 45 feet of this bed is very
§ilty and was not sampled. Figure 16 is a view of this shale bed above the
Suntrana coal mine.

Clay-Utilization Tests

Preliminary Bureau of Mines tests indicated that these shales show good
possibllities for use in structural-clay products. Although underfired at
cone 06 and overfired at cone 2«3, both the underfired and overfired products
could be sold for certain uses, They have a probable firing range of cone Ok
to cone 1, or a 5~cone range, in which a good quality product could be made.
The results of the tests are given in table 22.

TABLE 22, - Results of clay-utilization analyses of samples of Healy shale

Fired jAbsorptiom, percent Modulus of

Sample | to 24-hour 5<hour iAbsorption rupture,
number |econe | soak boil Icoefficient P.5S.d. Rema.rks
b5.000 | 06 1 20.5 22.8 0.90 1,001 |Underfired.
45.... | 01 7.0 10.1 69 3,302  |Good,
b5.0ee 103 56 .56 1.00 5,464 Overfired.

eese | O 15.6 17.3 .90 2,593 Slightly underfired,
1“6 LIC N ) 1‘2 .3 .5 u67 5,690 Overfired.
b.... | Bloated '
... | Ok | 2.1 14.6 .83 3,206 Good .
47.... | 01 | 8.2 10.8 76 3'962 | Do.
Wreees | 3 | 2.9 3.8 76 5,227 | Overfired.
bo,... | 06 16.5 18.2 .90 1,882 Underfired.
... | 01 5.5 5.5 71 3,634 . Good,
¥Weeeo 1 3 125 25 1.00 5,467 Overfired.

B4/ Work cited in Tootnote 23, Tig. T
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Though the preliminary tests indieated that a good-quality product could
be expected frem these shales, freezing-and-thawing tests were made on fired
test specimens to appraise their resistance to the vigorous climate found in
the railrcad belt, Table 23 contains the results of these tests.

TABIE 23. - Results of freening-and-thawing tests on
gamples of Healy shale

(Welght T2k -bour absorption !
Sample Srecimen loss, {Before i After ;Absorption f Structural failure,

No, ., No, I percent . test test | coefficient | “Number of cycles ’

b5 D 0.00 10.63 11.05 | 0.73 | None
L 05 9,15 9.77 1 L9 ! To.
6 19 | 836 9.38 67 | Do.
LT L1k 8.21 8.6 1 .64 | To,
.8 | W09 8.79 9.36 | 69 # Do.
‘ 9 .19 8.4 9.27 .68 Do.
} 10 .23 9.95 9.95 7B To.

¥ o11 .09 11,62 11.87 .82 | o,
I .09 10.91 10,92 .83 To.,
.16 .05 - 8.62 8.76 .76 Do,
I i ¢ | Obh 10.86 11.23 | 80 Io.
¢ 18 ; .09 11.63 12.01 | 82 Do,
.19 05 11.76 12.24 i 82 Do,
20 .09 10,01 10.58 .79 To.
| .

o 2 35 L 18.54 19,00 ' 91 Do,
L A5 | 18.6L 19.00 - 91 ! To.
|6 10 119,00 19,16 91 | Do.
’ 8 - [ 19.57 - .90 | 1k
! 9 25  18,9% 19.43 2 Nene
¢ 05 0 L62 4.87 68 To.
P11 05 1 6.9% 7.19 - oTh Do,
o1z 05 5,60 5075 | ol To,
r13 .10 5,12 5,08 .70 Do.

1k 05 629 | 6.5 T3 To. .
P16 .20 Las o ke 67 Do. .

v o 12 09 9.48 9.48 : .72 Io.
v 13 Jb 10.57 & 10.57 ! o7k To,

1k <09 9.53 9.53 1 .72 Do,
P16 09 11.17 11.18 .78 Do.
y 17 L .09 12,05 | 12,05 84 : o,
.19 ! .09 10,46 | 10,70 7 ' To.
21 Lk ' 9,80 1 11,27 .73 ! Do.

The failure of sample 498 was due, no doubt, to a structural fault, After
three cycles, a crack appeared. The crack penetrated about 1/4% inch into the
bar normal to the long axis and continued from the end of this crack to the
surface, about 1-1/2 inches. Some disintegration was visible after the sixth
cycles Complete failure occurred at 1k cycles,
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There were no failures with the test bars from samples U5, L6, end 47.
Spalling wes not apparent, as evidenced by the minute weight losses indicated,
Sample 45 showed considerable efflorescsnce, which could undoubtedly be cver-
come by adding berium selts in manulacture,

Conclusions

These shales show the test possibilities, next to the clay from Sheep
Mountain, of all the samples from the railroad belt tested during this investi-
gation. '

None of the samples from Healy exceedsd the maximum permissible weight
loss of 3 percent specifiecd by A.5.7.M,; except for h9-8, no partial failures
occurred,

The modulus of rupture of the respective samples before and after
froezing-and-thawing was consistent, which would indicate no appreciable
decreasc in strength as a result of the weathering tests.

Although the Healy shales represented by samples 45, L&, 47, and L9 bave
g short firing range, the results of the tests indicate that a satisfactory
product that will withstand the rigorous climate of the railrcad belt should
be produced by adhering to good manufacturing procedures.

Harding ILake Clay

Introduction

Since one of the largest items in the cost of delivered brick along the
Reilrcad belt is transportation, large cost advantages would be derived from
brickmaking facilities using local deposits near the centers of population at
both Anchorage and Falrbanks., Interest in the possible production of brick
in the TFairbanks area had been shown in 1947 by two army officers, Lt. Col,
J. 2. Ford and Maj. Delmar R, Frazier. An investigation of sources of clay
in their behalf was made by Irving Reed of Fair%anks.ii/ Many samples vere
taken of probable deposits within a redius of 75 miles cf Fairbanks, but only
two showed promise. The first of these was l/h miles east of the Richardson
Highway on the south aside of Moose Creer Butie; the obher sample was from the
north bank of & gravel pit on the east side of the Richardson Highwey 1/2 mile
north of the entrance to the Harding lake Road.

During this investigation, the Moose Creek denosit was not sampled because
it ig on or adjacent to the 20-mile military reserve. Only the similar deposit
near Harding leake was sampled.

Tocation and Accessibllity

The Harding Iake clay depesit is 42.2 miles by the Richardson Highway
southeast of Fairbanks, Alaska. The area, staked as placer claims by Delmer
R. Frazier and Irving Reed, is 1/2 mile west of the paved Richardscn Highway ,
which is kept open throughout the year. The relationship of the area to
Fairbanks is shown on figure 3. The sample locations and claims are shown
on fdgure 17.

gé/ BFeed, Irving, Report of [nvestigation for Brick Clay Adjacent to Fairbanks,
Alaske: Private rept., 19M47.
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Physical Features and Climate

The c¢lay deposit is in the valley of the Tanana River above its confluence
with the Salcha River along the north slope of a low hill west of Harding Ioke.
The immediate area is one of low relief with gentle slopes.

Climate data for the Falrbanks area are given in the tables in the gencral
section. The area is characterized by the wawmm sumers and long cold winters
of the interior.

Property and Ownership

Two LO-acre association placer locations were made July 23, 1947, by
Delmar R, Froezier and Irving Reed of Fairbanks, Alaska. The claims are the
Terra Cotta Assoc. claim, SWI/MW1/4 sec. 2, "and the Kaolin Assoc. claim,
SEL/MNEL/Y sec. 35 T. 6 S., « 4R, Fairbanks meridian.

Description of Deposit

The two assoclation claims cover the north slope of a long, low, east-
west ridge sloping down to Water Iily Iake. The clay sampled is a product
of erosion of the underlying grenite-diorite intrusive, It is orange to red
and contains much micaceous material and numerous quartz pebbles,

Sample 39 represents cuttings taken from 1.0 to 17.0 feet in hole 1
(fig. 17). The remainder of the hole, 17.0 to 22,0 feet, contained a larger
quantity of quartz pebbles, was less altered, and exhibited very poor
plasticity. This section is represented by sample LO,

Sample 41 represents cuttings taken from 1.0 to 13.0 feet in hole 2, This
sample exhibited even less plasticity then sample 4O,

The remaining auger holes contained material that was mainly unaltered
and could not be shaped by hand. These test holes were not sampled.

When this examination was made in July 1950, permafrost was encountered
throughout the lower part of the slope. Therefore the lower slope was not

sampled, The material penetrated beneath the dirt was very similor to that
found in hole 2,

Clay~Utilization Tests

Data from the preliminary tests of samples 39, 40, and 41 from Harding
Inke are given in table 24,
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Figure 16. - Lower prominent shale bed at Suntrana, Alaska.




23' HOLE

o
ik e
l o8 HARDING
| KAOLIN  |TERRA 04 g 0,
: COTTA 03 V2
SEC. 3 B
LAKE

N\

LEGEND

o AUGER HOLES SCALE. 20 CHAINS TO THE INCH

Figure 17. - Location map, Harding Lake clay deposit.




10

MILLER'S
LANDING

)

SCALE IN FEET

MODIFIED FROM PLATE | U.5.6.8 REPORT- COAL INVESTIGATIONS
ON THE SQUTHERN MARGIN OF THE HOMER DISTRICT

17 16 15
“9“/-;3
\ 23
20 21 22
/O
R
&
1
g KACHEMAK BAY
T .
LEGEND
———  ROADS
—le FAULT
———  LINE OF GEOLOGIC SECTION
22 SECTIONS T.5S. R.I4W.
o 5000 10,000

Figure 18,

- Location map, Miller's Landing clay deposit.




TABIE 24. - Results of clay-utilization analyses of
samples of Harding lake clay

" ‘Absorption, percent ModuTus df{
Sample i Pired l?h-hour T S5-hour | Absorption | rupture, |
number | to cone ' soak boil |coefficient; p.s.d. Remarks
39 | oh | 1h.h 17.3 0.83 731 |Underfired, weak.
39 103-02 | 12.5 15.7 .80 1,051 Slightly under=-
i | fired.
39 | 12 | 10.1 13.3 76 1,450 lGood.
| | | s
ko ok I 15.0 18.1 .83 i 560  Underfired, weak.
bo ! 03-02 14.0 i 17.3 81 ! 686 Do.
b |oloe 13 1k 8 1 85 . Do.
Aa6] ok 8 i 172 .86 6o - Do.
41416 | 01-02 | 11.2 I J9 Y 763 Do,
Ma6| 3 1 2.7 ;5.8 | 6 1 1,865 Overfired.

1/ samples 40 and 51 had poor plasticity although test bars could be Fommed
from semple 40, sample 41 had to be plasticized by addition of sample 16,
Anchorage clay .

Conclusions

The test results indicate that the bulk of the material at Harding Iake is
unsuited for ceramic products because of its low plasticity. Numerous quartz
pebbles also are present as impurities. Several pits adjacent to the
Richardson Highway in the same general area, were examined. Although the pits
contained gravel from which ¢lay could be washed, the quantity of clay that
could be recovered would be small in proportion to the amount of material to
be handled, .

However, sample 39 shows possibilities for use in structural-clay products.
An attempt should be made to delimit additional materiel of the same quality
a8 sample 39,

Miller's landing Clay
Introduction, Location, and Accessibllity

The clay bed near Miller's landing in the Homer area was the only deposit
examined that was not directly within the Railroad-belt area., This clay
. deposit was sampled because of its location adjacent to Homer and because of
its accessibility, by barge on Cook Inlet to Anchorage, or by the new Sterling
Highway to both Anchorage and Seward. Homer is situated on the north shore of
Kachemak Bay near the tip of the Kenai Peninsula.

8 The location of the clay outcrop near Miller's'landing is shéwn on figure
18,
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Physical Features and Climate

Homer is at the southern end of the Kenai lowland, which is north of
Kachemak Bay along the west flank of the Kenai Mountains on the Kenal Peninsula.

In the Homer area the sea cliffs along the north shore of Kachemak Bay
are 50 to 200 feet high. A bench 1 to 2 miles wide parallels Kachemak Bay
and slopes gently northward from the bluffs, This bench is crossed by several
small, parallel streams that drain the uplands to the north.

The climete of the area is that characteristic of coastal Alaska. Summers
are cool and the winters mild. Monthly and annual mean temperatures for Homer
are given in table 25, Table 26 gives the monthly and annual total precipita-
tion in inches. Freezing temperatures may be expected from early in September
until the middle of June.

TABIE 25, - Mean temperatures, ©F., for Homer, Alaska

Jan, | FPeb, ; Mar. | Apr, Moy June :July ; Aug. ;Sept. Oct.| Nov, ! Dec, Ave.
23.81 27.6 728.8136.1 3&2.8 FR9.5T53.0152.7 1169 389 28,7 ;23. {37.7

TABLE 26. - Precipitation, inches, for Homer, Alaska

Jon. | Feb. Mar, AmLiMw June | July | Aug. |Sept. Oct. | Nov. |Dec. . Ave,
2.69' 1.57 1.85 '1.27 i1.1k 1,02 ‘1 76 13.12 2.82 13,93 ! 1.b0 12,81 [25.40

Description of Deposit

A 30-foot bed of blue clay outcrops 0.8 mile south of Miller's Landing in
the bluff along Kachemek Bay. This clay bed is a part of the Kenai coal-bearing
formation, which has been assigned bty Smlthﬁé to the Tertiary period, probably
Focene. The Kenai formation consists of a series of sand, silt, and clay beds
interbedded with a few beds of conglomerate and with numerous coal beds.

The clay bed sampled lies between two coal beds near the top of the strati-

gravhic section shown on figure 19. At this locality, the formation dips gently
northward., ‘

Clay-Utilization Tests

The results of ceramic tests on clay from the bed near Miller's Ianding
are given in table 27,

TARLE 27. - Results of clay-utilization analyses of samples of
Miller's landing Clay

Fire Absorption, percent Modulus of
Sample! to (24-hour | S5S-hour|Absorption | rupture,
number cone| soak | boil |coefficient! p.s.i. Remarks
77T 109 | 1.3 [’ 1.1 0.88 { 2,830  {Slightly wnderfired,
77 05 8.5 10.3 83 i 3,725 Good .
7 0l Bloated i Overfired.

26/ Work cited in footnote &, p. 61.
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Conclusions

The clay has a short firing range. At cone 09 the absorption is too high
for use in a rigorous climate, although it would be acceptadble in & climate
similar to that of Seattle, Wash. The fired strength is very good with all
firing treatments. When fired to cone 05, the absorption remains slightly
above that recommended but probebly is the best firing temperature. With the
highest firing (cone 0l), semple T7 bloated to such an extent that no data
could he obtained.

Though the sample is not recommended because of its short firing range and
tendency to bloat, it is probable that falr-quality brick could be produced
if extreme care was taken during firing.

Summary and Comparison of Deposiﬁs Sampled for Ceramic Uses

Nine deposits or formatioms within the Railroad belt were investigated as
sources of raw material for brick and tile products. As a result of the
incomplete Bureau of Mines program, the following conclusions can be made:

The Anchorage area has clay that is satisfactory for the production of
brick. Although this glacial clay, as represented by the samples from Clay
Products, Inc., has a short firing range, closely controlled firing will
produce brick that will withstand the rigorous climate of the area.

A semple from the Chickaloon formation near the road to the Evan Jones
coal mine gave indications of a possible source of shele for structural-clay
products, Additional sampling to locate a supply of material of this type is
in order. Such a deposit should be readily accessible to the Anchorage area.

Clay from the Alaska Gypsum Queen Corp. clesims on Sheep Mountain gave the
best results of all the samples tested for ceramic uses. The clay has excellent
working characteristics and fired strength. Preliminary tests indicate &
firing range of nine cones from cone 3 to cone 06, Excellent resistance of
the product to weathering is indicated by lengthy freezing and thawing tests.
The Sheep Mountein clay, with proper preparation, such as washing, 1s capable
of producing a brick of high heat duty for refractory use,

Next to the clay from Sheep Mountain, the shales from two of the most
prominent shale members of the Healy coal formation show the best possibilities
for the production of brick of all the deposits sampled. With a probable firing
range of 5 cones, from cone O4 to cone 1, the results of freezing and thawing
tests Indicate that a product can be made that will withstand the rigorous
climate of the Railroad belt,

LIGHTWEIGHT AGGREGATE

According to Webster's Dictionary, an aggregate is any hard, inert material
for mixing in greduated fragments with a cementing material to form concrete or
plaster. Aggregates normally used for concrete and concrete products are the
sand and gravel produced through natural weathering of the rocks forming the
earth's crust. These rocks also may be crushed by mechanical means and sized
to produce equivalent products. The approximate weights per cublc yard for

- sand and coarse aggregate are given in table 28.
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TABLE 28. - Welght of sand and coarse aggregate,
in tons per cubic yardl/

Kind of aggregate Compacted Loose

Sand’ dIyQOOOIOOQOOIUOOI!..0..'...l.l.l.‘..l. 1.&0 to 1155 1030 to llll'5
Sand-’ mOiS't-......o.-.a....-..-n-.....-.-.-.. 1.20 'tO 1|1+5 1005 'tO 1.35

Coarse aggregate (separated):
3/]..6 to 3/"" inch...............-...-.... 135 to l-)-'-5 1025 to 1035
3/h 40 1-1/2 INCHES . vreecaneroranssasons 1.30 o 1,40 | 1.25 to 1.35
1-1/2 40 3 iNCHES eeravrrncecosancsonsens 1.25 to 1.40 1.20 to 1.35
3 10 6 INChES e sasevrotsoussnssasancsscnne 1.20 to 1.35 1.15 to 1,30

Coarse aggregate (combined):
3/16 £0 1-1/2 1NChES ceresonravassrensss 1.35 to 1.55 | 1.30 to 1.L45
3/16 'tO 3 inchesll'l'l.!'...th‘.!ll.l... l.)-l-O 'bO 1060 1.30 tO l'55
3/16 £0 6 INChES ceuererrnsonsnrrasnosnns 1.45 to 1.70 1.35 to 1.60

Sand and gr&wel Combined, dI'y'-.--.- seBusmnere } 1.60 to 1085 1.50 to 107_5

1/ Ruettgers, Arthur, Blanks, R, F., and others, The Concrete Manuali BDureau
of Reclamatlon, A Reclamation Manual, Specialist Supplement, 5th ed,,
September 1941, p. 117.

In table 28, the weight, in tons per cubic yard, of combined sand and
gravel, as shown, ranges from 1,50 to 1.75, or 110 to 129 pounds per cubic
foot. A good lightweight aggregate should not weigh over 50 pounds per cubic
foot. :

Many materials have been used for lightweight aggregate. Their properties
and uses are almost as varied as thelr sources, All of the materials must be
lightweight, but some have proved best in one or more of the following prop-
ertiesy Strength, heat insulation, sound insulation, fireproofing, nailability
and sawability of the fabricated building units, and economy.

On the basis of source, the lightweight aggregates may be divided into
three classess (1) Naturally occurring substances; (2) byproducts of industry;
and (3) products manufactured for use as lightweight aggregate. The materials
that occur naturally and have been used as aggregate are volcanic cinder, tuff,
pumice, scoria, diatomite, and coal, Industrial byproducts in use include
cinders and sawdust. Manufactured products employed as' lightweight aggregates
are expanded slag (Pottsco), expanded shalé and clay (Haydite), expanded perlite,
and expanded vermiculite,

Concrete is formed by mixing the aggregate with cement and water., A list
of the unit weight in pounds per cubic foot for concrete of various mixes,

used with ordinary sond and gravel aggregates of seveml specific gravities is
given in table 294%1

27/ Ruettgers, Arthur, Blanks, R. F., and others, The Goncrete Manuals Bureau
of Reclomation, A Reclamation Manuael, Specialist Supplement, 5th ed.,
September 1941, p, 117. '
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TABLE 29, - Observed average weight of fresh concrete

Maximum | Avernge values " Unit weight, 1b. per cu. ft.
size of | | Cement,  Watcr, | /
ageregate,, Sand, , bbl. per ' lb. per | Specific gravity of aggrogates:
inches | percent, cu. yddh_LPu. yd.;l 2,55 1 2.60 | 2.65_3 2.70 1 2.75
3/5 1 k2 1.60 | 323 | 15 | 17, 1ko | 151 | 153
1-1/2 Y39 0 1.0 0 297 146 1 148 0 150 ¢ 153 155
3 .34k 120 268 | k7 | 1o © 152 : 18k | 157
6 P26 1,00 222

_ 9 151 154 @ 156 159
T/ (o soturated surfacc-dry basis. o

Concretes made with sand end grevel aggrogates therefore weigh 145 to 159
pounds per cubic foot, For comparison of relative weight, the weights of
concrete produced with lightweight agegregates arc given below:

Lightweight aggregate b, per.cu. ft.
Pumice, scoria, or volcanic cinders, 65 to 100
Industrial cindersS.eveiessececosssnes 85

Industrial cinders with nataral sand | 110 to 115
Expended shale and clay (Haydite)...; 80 to 110
Expended slag (Pottsco) eseesesssesee ! 75 to 110
Expanded perlite.ivecssssececoncannas 50 to 80
Exrended vermiculitCecesnsoovoonness 35 to 78

Another industrial byproduct, slag, has been used successfully in
production of building blocks, However, while lighter in weight than concrete
made with normal apgregate, the concrete weighs 130 to 140 pounds per cubic
Toot; consequontly the slag should not be considered in the same class with
the lightweight aggregetes.

The lighter-weight concretes made with lightweight aggregote have numerous
advantageous over normal concrete. In structural concrete, the reduction of
dead load by use of a lightweight aggregate allows an increase in the number
of stories of a building and also in the size of floor panels. The lighter
load alco allows a decrease in the cost of supporting trusses, columns, and
footings for the same size of building, It has been found in numerous cases
that there is a considerable saving in total cost of construction through the
use of lightweight concrete. An added incentive for use of the lightweight
concretes isthelr lower thermal conductivity, giving enhanced insulation
properties, Nearly all of the advantages named above are of particular
importance to the Alnskan building industry because of the savings in freight
costs on imported structurnl materials.

Building blocks of lightwelght concrete have the added advantoge of ease
of handling, transportation, and laying over the conventional hecvier-concrete’
building units. Iarger building blocks and units 2lso may be fabricated and
used, resulting in lower laying costs.

5103 - 49 -




Strengths of the concretes produced with the lightweight aggregates
differ. The expanded shale and clay (Haydite) produce concrete whose strength
compares favorably with the strength ~f ordinary concrete. Pumice, scoria,
voleanic cinders, industrial cinders, expended slag, and anthracite produce
aconerete of less strength but still acceptable for most uses. Diatomite,
expanded perlite, and expanded vermiculite produce low-strength concretes.

The insulation prorertics of the lightweight conecretes are almost inversely
related to their strength. Concrete made with expanded vermiculite, which has
the lowest strength of the lightweight concretes, exhibits the highest
insulating value, but the insulating value of concrete made with the heaviest
of the lightweight aggregates, Hoydite, 1s still three to four times that of
ordinary concrete. Haydite structural concrete has o K factor of 3.00 to 3.98,
depending on the density of the concrete, whereas that of ordinary concrete is
12,0. By definition, the K factor is the B.t.u. per square foot per hour per
degree Fahrenheit difference per inch thiclmess,

The lighter-weight concretes also have better nailing and sawing properties
than the heavier normal concretes, One of the best concretes for nailebility
is made with sawdust, but almost all of the lightweight concretes are nailable.
Tests have shown that 6-penny neils driven through a 1-l/h—inch bosrd into
Haydite precast wall units require a pull of 100 o 165 pounds to extract the
nails,

In the past, industrial cinders and pumice have been used in Alaska for
lightweight aggregates., The supply of industrial cinders is small, but pumice
is abundant, consequently most of the lightwelght aggregate used has been
pumice, The pumice was secured from Augustine Island in lower Cook Inlet and
from within the boundaries of Kobtmal Notional Monument on the south side of
the Alaska Peninsula. The pumice produces a satisfactory building unit, but
its remote location and the necessary transportation charges moke it o high-
cost aggregote compared with the local-cccurring sand and gravel. For this
reascn, there has been considerable interest in the possible production of
Haydite. Deposits of shale and clay amenable for the production of Haydite
were investigated during the Bureau of Mines program.

Expanded perlite has favorable heat and sound insulating properties. It
now is being used in the United States in increasing amounts, especially as
aggregote for plaster and stucco. One small occurrence in the Alasks Railroad
belt has been recorded.

Haydite

Hoydite is monufactured by burning a clay or shole, which bloats on rapid
heating, to produce a lightweight, semivitrified clinker of vesicular nature.
Eﬂydigg/yas produced first in 1913 by Stephen J. Hoyde and patented by him in
1918 .29

28/ Enyde, 8. J., Drocess of mnking Rrick nnd Similnr Articles:
U.3. Patent 1,255,878, February 1918.
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Numerous investigations have been made to determine the constituents in
the clay or shale necessary to produce bloating. It is thought29/ that the
gasses from sulfur, carbon, and water remaining in the clays at the vitrifi-
caetion temperature cause bloating. According to Austin, Nunes, and Sulliven30 0/
the following conditions must exist for bloating to occur:

a. There must be a relatively large amount of glass rhase formed.
b. A gas must be liberated within the mess while it is in & pyro-
plastic condition. Thermal expansion of entrapped gas would not be
enough to produce the vesicular structure often obtained. c. The
glass phase must be viscous enough to maintain the vesicular structure.

Haydite aggregate, of all the lightweight aggregates, is desired for
structural concrete where strength and weight are important factors., Although
concrete made with Haydite weighs 28 to 47 percent less than concrete made
with sand and gravel, comparative strengths are obtained for equal contents of
cement. Tests by the Federal Works Agency, Public Roads Administration, on 3
by 6-inch cylinders of Haydite concrete, using 9.4 sacks of cement per cubic
yard and weighing 103.5 pounds per Cublc foot of wet concrete, gave a com-

- pressive strength of 3,360 pounds per square inch, age 7 days and 4,810
pounds per sguare inch, age 14 days.

Another advantage of structural concrete made with Haydite is that it is
more fire-resistant than normal concrete. To have a fire<.endurance period of
3 hours a floor slab should be 6.5 inches thick if the aggregate is highly
siliceous sand and gravel, 5.7 inches for calcareous gand and gravel aggregate,
but only 4.4 inches using fine and coarse Haydite 3l/ﬁ

The largest use of Haydite, where it has been produced, is in the manu-
facture of lightweight-concrete building blocks. Standard 8- by 8- x 16-inch
concrete blocks made with Haydite weigh from 25 to 28 pounds. Normal concrete
blocks of the same size average 45 pounds. This reduction in weight results in
an appreciable saving in transportation, labor, and handling costs.

Haydite, although composed of minute air cells, is not porous because the
air cells are not connected. Building blocks of Haydite, therefore, are not
a8 absorbent as those made with other more porous aggregates, consequently,
they have more resistance to freezing and thawing.

The insulating value of straight Haydite comcrete is three to four times
thet of ordinary concrete. By combining expanded vermiculite with Haydite,
concrete with a X factor of 2.50 can be made. The insulating value of this
special concrete is 4.8 times that of ordinary concrete.

29/ Austin, C. R., Nunes, J. L., and Sullivan, J. D., Basic Factors Involved
in Bloating of Clays. Am. Inst, Min. and Met, Eng. Trans., vol. 148,
1942, pp. 149-160.

30/ Work cited in footnote 28, p. 159.

31/ Menzel, Carl A., American Soclety for Testing Materials, vol. 43, 1943,
PP, 1099 1153.
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A refractory concrete has been made by using Haydite and Iumnite cement,
a calcium aluminate cement. Tests by the Carter-Waters Corp., Kansas City,
Mo.,§§ have shown that a Haydite-Iumnite concrete is sultable for sustained
temperatures up to 1,8000-2,000° F. The resulting concrete slso 1s corrosion-
resistant and has good insulating qualities.

Carter-Waters Corp. has produced an insulating Haydite fire brick that
has been used as back-up for the carbon blocks in smell aluminum converting
furnaces. The temperature limit of this brick is 2,000 F. It has a low
coefficient of expansion, 1s extremely resistant to temperature changes, and
weighs only 3 pounds, compared to 7 pounds for the ordinary fire brick it
replaced.

Plain Haydite blocks are %ery good for sound absorption because of their
cellular structure. Another property, and one of the most importent, is their
chemical inertness; furthermore, the particles are usually of the rounded
shape preferred for easlly worked concrete.

During the Bureau of Mines grogram, all clay end shale samples were sub-
nmitted for preliminary bloating tests. Samples showing promise were then
tested on a larger scale in a continucus rotary kiln, which duplicated com-
mercial practice. The aggregate produced was made into concrete units for
vhysical tests,

The procedure used by the Bureau of Mines Electrotechnical Iaboratory
at Norris, Tenn., for stationary-kiln bloating tests is as follows: The
material to be tested is crushed to pass an 8-mesh sieve. ©Small briquets,
approximately l/é'by 1 by 2 inches, are formed by hand-tamping dampened par-
ticles into a mold. The briquets are artificlally dried for about 12 hours
at 110° ¢. or air-dried for several days before firing.

In firing, a laboratory kiln is heated to 1,150° C., and a series of
seamples 13 inserted on a silicon carbide slasb. Time is allowed after loading
for the kiln to come to equilibrium, The samples then are held at the maxi-
mum temperature for 15 minutes before removal for visual inspection. The
kiln temperature is then adjusted upward or downward, in steps of 50° C., as
indlcated by the conditlon of the specimens. Fnough heats are run to indi-
cate the range and optimum bloating temperature of the material,

Rotary-kiln tests were made in a No. 4 rotary calcining furnaceéi/ man -
ufactured by the U. 5. Smelting Furnace Co., Belleville, I1l. The kiln is
lined with fire~clay shapes and has an inside diameter of 32 inches and a
length of approximately 50 inches, exclusive of the conical ends. 'The rotary
unit has a fixed speed of 0.2 r,p.m. Temperatures to 1,400° C. may be
attained.

Faeeh of the deposits tested for the production of lightweight aggregate
is described as follows:

32/ Huntly, Phil €., Ammour Inst, Technol., Chicago, Iil.
ii/ Conley, John E., Wilson, Hewitt, Klinefelter, T. A., and others, Produc~

tion of Lightwelght Concrete Aggregates from Clays, Shales, Slates, and
other Materdals: Bureau of Mines Rept, of Investigations LLO1, 1948,
121 pp.
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Clay Products, Inc.

Introduetion, Iocation, and Accessibility

During sampling of the clay on the property of Clay Products, Inec., a-
composite sample was kept for testing for the production of Haydite,

The Clay Products, Inc., clay pit and brick plant are on the south shore
of Knlk Arm 4.2 miles by road from the Alaska Railroad terminal in Anchorage.
A detailed description of this deposit is given in this report in the section
on brick and clay products.

Lighweight -Aggregate Tests

The results of stationary-kiln bloating tests on clay from Clay Products,
Inc., are given in table 30.

TABIE 30. - Results of stationary-kiln bloating tests on samples
from Clay Products, Inec,. deposit

Sample ; Temperature, L_ Bloating results

|
No. | C. jPoor ° TFair : Good Remarks
28 1,100 1 x| !
28 1,150 x| { ! Too high-glazed.
28 ' 1,200 L x | | Slumped.

Although the above results indicated the clay was not suitable for Haydite
production, two rotary-kiln tests were made because of the large size of the
deposit and its accessibility to Anchorage. Data on the rotary-kiln tests are
given in the following table,

TABIE 31. - Results of rotary kiln-tests on samples
from Clay Products, Inc., deposit

Test = Time, ! Temperature i
No. |min., p.m. ! oa. ‘ Remarks
1 1310 | Start fire.
1¢40 ‘ ‘ Off to load.
1:50 135 1b, loaded and fired.
2315 1,050 ofe,
Did not bloat at 1,050O C.
2 2155 ‘EStart fire.
3310 | Off to load.
3420 { 135 1b. loaded and fired.
3345 1,100 I Off.
! @ Aggregate rolled up into a log in

P } rear of kiln.

Note: In test 2 the aggregate in middle of kiln bloated while
aggregate 1n front 4id not bloat.
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Conclusicons

The results of the tests indicate that the clay from Clay Froducts, Inc.,
has too short a bloating range to be considered for firing in a commercial
rotary kiln. The meterial did not bloat when fired to 1,050° C. Afte r being flred
to 1,100° C., the material in the back of the kiln was overfired; that in the
middle partly bloated to overfired; and that in front barely bloated or not
bloated at all.

Chickaloon Formation shale

Introduction

Shale from the Chickaloon formation of Tertiary age exposed in the
Matanuska Valley is represented by sample 13. This sample was taken adjacent
to the Evan Jones road 1-1/2 miles north of the paved Glenn Highway. The
general location of the aree is shown on figure 3.

Description of Deposit

The black shale sampled is exposed on the left limit of Eska Creek in a
bare cliff face east of the road bridge across the creek. The 10-foct shale
bted is cne in a series of sandstones with minor interbedded conglomerate, clay,
coal, and shale, At this location, the formation dips gently southeast.

Iightweight Aggregate Tests

Sample 13 was subjected only to stationary-kiln bloating tests; the
results of which are given below:

Results of stationary-kiln tests

e

Sample | Temperature, f Bloating results i
No. °c. { Poor Tair | Good Remarks
13 1,100 i X
13 1,150 I Too highly glazed.
13 1,200 | =z Glazed, slumped.

Test results on sample 13 were unsatisfactory, evidently the shale repre- .
sented by this sample is not suitable for the production of Haydite.

Anchorage Sand & Gravel Co., (Mile 67 Deposit)

Introduction

Tho Anchorage Sand & Gravel Co. has Pproduced conventional aggregate in
the fnchorage area since 1938. A, ¥, Waldron, president, erected the first
commercial ready-mix concrete plant in Alaska at Anchorage in 1942. Farly in
1550, the company became interested in the possibility of producing Haoydite
from clay or shale in the Anchorage area. Research indicated that there was
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Figure 20. - Map of Matanuska Valley, showing location of mile 67.




Figure 23. - Road cut at mile 67, showing boundary fault.
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Figure 22. - Sketch map of mile 67 shale deposit.




Figure 24. - Close-up view of boundary fault,

mile 67.




& local demand for lightweight aggregate for the building-block industry and
that Haydite could capture this market if it could be produced at a price
competetive with that of the pumice being used,

Shale end clay samples were submitted by the Anchorage Send & Gravel Co.
to Wolf G. Bauer, consulting engincer, Seattle, Wash. for tests of their
sultability for Haydite production. The results of Bauer's tests indicated
that several of the samples submitted were amenable for Haydite production,
and that the most favorable was a shale from mile 67 on the Glenn Highway.

Tocation and Accessibility

The shale at mile 67 on the Glenn Highway is very favorably situated for
truck haulsge. The Glenn Highway is a paved all-season road. The deposit
is only 6 miles east of Sutton, the probable site of the Anchorage Sand &
Gravel Co.'s proposed expanding plant (fig. 20). A river terrace along the
left 1imit of Kings River provides enough space between the river and proposed
quarry face for the necessary plant installation and storage faclilities.

At sutton, either rail transportetion by the Alaska Railroéd or transporta-
tion by truck on the Glenn Highway to Anchorage and the Matanuska Valley is
available.

Physical Features

The shale deposit, at the confluence of the King's and Matanusks Rivers,
is about midway up the valley of the Matanuska River, a tributary of Knik Arm.
The Matanuska River flows westward between the Chugach and Talkeetna Mountains,
King's River heads in the Talkeetna Mountains on the north side of the
Matanuska Valley.

In the immediate area under considerstion, the shale outcrops in a series
of steep cliffs along the left limit of King's River, where it rises to a 500-
to 600-foot northeasterly trending ridge. Figure 21 pictures the outcrop along
King'fs River. Slopes are steep and covered with a dense growth of grasses,
devil's club, and alder, with a thin stand of spruce, cottonwood, and birch.

Description of Deposit

The shale at mile 67 is part of the Matanuska formation of Upper Cretaceous
age. The base of this formation is represented, in part, by a series of black
shale relatively free of sandstone and grit. The material sampled is from this
section, Pigure 22 is a sketch map of.the shale deposit at mile 67,

No bedding in the shale could be determined. The outcrops examined con-
tained only a few, small, scattered grit facles, A zone of medium-grained,
dark-gray, dirty sandstoneB / bounded by two vertical faults occupies most of -
the road cut and terminates the shalé on the south., The beds of sandstone
strike N, 21° E, and dip 199 to the north. Two views of the outcrop and fault
terminating the shale in the roadcut are shown on figures 23 and 2k,

34/ Commumication from George O. Gates, geologist, Geological Survey.
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Preliminary samples were taken along the outcrop at the locations of
samples 3, 4, 5, 7, and 8, as shown on figure 22, The test results were good;
consequently, a 300-pound sample 6 was taken later for rotary kiln testing. In
order to make physical tests on concrete made with the lightweight aggregate
produced from this shale, more material was needed. Therefore sample 32 (600
pounds) was taken later at the same location as sample 6.

Lightwelght -Aggregate Tests

Samples 3 through 8, inclusive,'from mile 67 were tested for bloating
characteristics in a stationary kiln. Results of the tests are given in
table 32,

TABIE 32, - Results of stationary-kiln bloating tests on
samples 3-8, mile b7

Semple | Temperature Bloating results

No. oC. ' Poor [Fair | Good Remarks
3 1,100 : X Temperature too low.
3 1,150 : x

3 1,200 . Lox ; Temperature too high.
L 1,000 ‘ Pox | Temperature too low.
4 1,150 ! | x

b 1,200 x ! Temperature too high.
5 1,100 Poxo ;Temperature too low.
5 1,150 : ' } x

5 1,200 l : X i Temperature too high.
6 1,100 ‘ | x ' i Temperature too low.
6 1,150 B ! P x

6 1,200 ' ' ox } ' Temperature too high.
7 1,100 x !

7 1,150 x| ;

7 1,200 x , ‘

8 1,100 . | |

8 1,150 | x| |

8 | 1200 | x l !

.

The results from the stationary-kiln tests showed samples 3 through 6,
inclusive, to be very similar as to bloating characteristics and temperature
requirements. The samples wére combined and a rotary-kiln test made, See
table 33 for results of the rotary-kiln test.

TABIE 33. - Results of rotary-kiln bloating tests on samples
3, 4, 5 and 6, mile 67

Particle 5iZ€essesesss..l inch to Lemesh Fine Coarse

Total weight of feed.seavsenesas 280 1b, Bulk specific Zr'e ceeese 0.89 0.84

Welght, cUs ft. veaeccnsenase 94-1/2 Ib. Bulk sp. gr. sat. sure.

Product, total weight.esveeevees 215 1b. face, dry basisS.sceesse 1.29 1.2

Wt. cu. £t. minus-3/8 inch part,..t3 1b. Apparent. Sp. gF. seeess 1.66  1.16
v ’ Absorp‘bion..--..-....... 33.2 1”4'15
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Kiln Operating Conditions

Temperature, Ki.in operating conditions,

Time , minutes : °c Remakrs
aam,

10310 ; - Start fire.
10;40 1,190 Off to load,
10545 - Ioaded and fired.
11520 1,200 0Ff .

Notes Product rolled up in log (expansion 100 percent). Tem-
perature slightly high for best results., However, it is
difficult to control or read temperatures closer than
50° ¢. on this kiln.

Screcn anglysis of product -- crushed to minus-3/8 inch Particlc 5ize
MGSh....%-2+u . =4tb T 648 E ~53+18 | -18430 { -30470 ;. =T0+100 ! ~100
Percent,,19.0 @ 15.5 : 11.1 i23.k | 5,0 | 9,0 3.0 1 14,0

A product with excellent vesicular structure and fine but uniformly spaced
pores was produced. Volume increase was approximately 100 percent.

The shale showed scme tendency to clinker and form logs in the kilin, This
could cause some difficulty in continuous rotary-kiln processing. However, it
is believed that the sticking tendency is not serious enough to cxclude the
shale a3 a possible raw material Tor lightweight-aggregate production.

In producing enough aggregate to make concrete units for physical tests,
sample 32 was split and two separate rotary-kiln runse were made. Though the
material was similar to that represented by samples 3, 4, 5, and 6, for which
the optimum firing temperature (1,150° C.) had already been determined, the
first run was ended at 1,100° C, The resulting volume increase was only 30
percent. The product weighed 70.6 pounds per cubic foot. The second batch
was expanded at 1,135° C, with a volume increase of 80 percent. This produced
an acceptable lightweight aggregate weighing 47.5 pounds per cubic foot.

Accelerated Weathering Tests

Alternate freezing and thawing tests to measure the weather resistance of
concrete block containing this lightweight aggregete have been completed. The
block tested were made at the Electrotechnical Laboratory, Reglon VII, Bureau
of Mines, Norris, Tenn, Three groups, each of four blocks, were submittcd to
the Northwest Experiment Station, Region II, Bureau of Mines, Seattle, Wash.,
for testing. The block were designated on the basis of the cement - aggregate
ratio. Group 1-3, for example, contained 1 part, by volume, of cement to 8
parts of aggregate, Other ratios were 1-10 and 1-12,

Two individusls in group 1-12 reacted with the aluminum pallets during
forming and could not be removed except by cutting, hence these block were
approximately 8 by 8 by 4 inches. All other block were 8-inch cubes. Three
hours after forming, the blocks were steam-cured at 170° ¥. for 3-1/2 hours.
The stcam was then turned off, and the block remained in the ocuring chamber for
an additional 24 hours.
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The testing was according to A.5.T.M. Specification C 67-44, Method Bié/,
as no standgrd weathering test for lightwelght-concrete block has been
established, Absorption determinations were made by soaking 24«hours in cold
water,

The average welght losses for each group appear to be roughly pro-
portional to the cement~to-aggregate ratio with a probable minimum ratio
between 1-10 and 1-12, Highest losses were ghown by the 1-12 group; lowest,
the 1-8. The intermediate group, 1-10, however, showed only slightly higher
average weight loss than did the 1.8 group, end two individuals of the former
group showed losses lower than any of the 1-8 group.

All block tested, except the half-block of group 1-12 showed satisfactory
resistance to freezing and thawing. The two whole block of group 1-12, however,
approached the meximum allowable loss of 3 percent. The percent weight losses
for all block tested for each five cycles of freezing and thawing are shown
in table 34,

Welght losses of the two half-block of group 1-12 were over the allowable
3 percent after 25 cycles but were tested to completion., Due to reactiom of
these block with the pallet during mamufacture, some structural defects were
suspected, but none were revealed in testing. Welght losses occurred by dis-
blocement of aggregate particles by freezing. No major structural failures
occurred in any of the block tested. These block, as well as the other two of
group 1-12, appeared to be weakly bonded and small aggregate particles spalled.
Losses on theedges of the block were high, especlally on the balf-block, owing
to highly irregular edges formed when the block were cut,

Block of the 1-8 and 1-10 group lost weight in the same menner as group
1.12 but to less extent, The former groups were more securely bonded, owing
to higher cement content and showed less general and less severe spalling
than group 1l-12.

Some weight was lost by handling, which, of course, would not take place
if the block were in the wall, These handling losses were largely confined to
the inside of the tapered end where & relatively thin edge is formed.

35/ Work cited in footnote 20,
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TABIE 34%.

- Percent weight loss lightweight aggregate concrete blocks

in freezing and thawing test

' Dry weight, ’A'bsorp- :

Tdenti- | grams ; tion, i Weight loss after cycles, percent
fication tOnginal Final | percent i°5 10 5 - 20 25 . 30 . 35 . 50 L5 50 Average
1-8& 5,020 [ &,970 ; 21.7 .0.60 0.60 { 0.60 [ 0.60 T 0.90 ;0.90 | 1.00 " 1.00 , 1.00 , 1.00°

B - 5,145 5 080 : 20.8 ! .58 ¢ 58 ; .87 ¢ .87 . .97 ¢ L.17 | 1l.261 1.26,; 1.26 ° 1.26

¢ ;5,220 5,160@ 21,0 * .29 . 5711 67, 7 105 ,1.05 1.05' 1.35: 1.15. L.15

D [ 5,190 5,150 21.2 29 ; M8 58 . 6T 87 .87 ; .96 .96! 960 .96 1.09
1-104 ' b8s5  b760 . 244 31 0 .52 83 .83 ; 1.2k 5 1.35 ;1.35 135 L35 1.35

B 5,095 5,000, 23.9 ; .59 69 i .88 . .98 1.08  1.57 , 1.57 ! 1.57: 1.67 | L.57

¢ - b,950 49051 2hh ¢ .30 300 510 5510 W71 81 - 810 & 91! 91

D 5,075 :5,0b0°  23.1 Q00 , 30, 30 ¢ .30, M9 59 59 59| 69 69 1.15

: : . _ :

1-12 A t ho625 - 4,515 0 26,7 .76 6 11,19 11,51 ¢+ 1.62  1.73 '1.73 0 1.9k 2.16  2.38

B h620 4,520 26.8 , .22 ; A3 65 .97 1.9 ;1.1 P1.h1, 162 1,95 2.5 2.27

c . 3,120 2,965 26.5 .48 96 i 1.76 2.2k : 3.0k :3.36 .3.69 L7 bA9 k.97

D 2,475 2,315 26,7 b1 11,00 1.8 2.4k 323 "3.43 3.8h: L85 5.5 6.4 5.71
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Conclusions

An excellent-appearing, lightwelght aggregate may be produced from the
shale deposit at mile 67. The expanded shale has a fine vesicular structure
with wifeormly spaced pores,

Based on tests, concretc block containing lightweight eggregate, formed
similarly to the block of 1 to 8 or 1 to 10 cement-to-aggregate ratio should be
sufficiently weathor resistant. Additional resistance to sraelling probably can
be gained by using preparatioms to fill the surface pores and prevent excessive
moisture absorption.

Inasmuch as no definite conclusions regarding the crushing strength of con-
crete made with this aggregate may be made without actual tests, production of

comparative concrete building units and physical Bsts were recommended; they
were made in May 1951.

Metanuska River Shale (Mile 16 Matenuske Branch Railroad

Introduction

!

Although preliminary tests of the shale at mile 67 on the Glenn Highway
proved that this derosit is suitable for the production of Haydite, a deposit
nearer to the railroad and to a source of fuel would have the added advantage
of lower production costs. The same Matanuska formation that is exposed at mile
67 crops out along the Matanuska branch of the Alaska Railroad betweon Mcose
Creek and Sutten (fig. 25). After & reconnaissance examination in July 1950,
one bed of black shalc similar in appearance to that at mile 67 was recommended
by George 0. Gates, geologist, Geological Survey, to the Bureau of Mines for
sampling and investigetion of its potentialities as o raw material for the
production of Haydite.

Location and Accessibility

The shale bed represented by samples 53 and 54 is at milc 16 on the Matanuska
Branch of the Alaske BRallroad, Herc the shale 18 exposed in a railroad cut at
the base of the bIluff along the right limit of the Matanuska River, The shale
is readily accessible by rail to either Sutton or Palmer and Anchorage. A road
less than 3/4 mile long would connmect the deposit with the paved Glenn Highway.

Description of Ieposit

The geology of the immediate area has been described by Gatesié/ as follows:

¥¥% part of the Motanusks formation is exposed in bluffs along the
northwest side of the Matanuska River between Moose (reek and Sutton sta-
tions on the railroad. The exposures are between "a" and "b" on the en-
closed sketch  %%% -

36/ Personal communication from George O. Gates, geologist, Geological Survey.
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Figure 25. - Shale locality between Moose Creek and Sutton, Alaska.




The Matanuska formation hetween Mcose Creek and Sutton
consists of well camsolidated gray sandstone and siltstone and
dark gray to black shale. Bedding is well defined and tho beds
generally strike north 70 to 80 degrces east and dip about 85
degrees north. Black shale 1s present at several different
places in the sequence in thicknesscs of %50 feet or more. The
most favorable occurrence 1s shown on the map**¥¥, It is exposed
on a steep forested slope that rises about 180 feet above a
terrace several hundred feet wide. As shown on the sketch, the
railreoad crosses the Terrace. The shale is exposcd in almost »
continuous outcrops in the upper 1/3 of the slope and for
seversl hundred feet along the slope. No siltstone or sandstonc
interbeds were scen. Thin layers of ironstone concretions are
fairly common.

Two samples were taken by the Burcau of Mines LOO feet apart along the
strike of the shale deposit shown in figure 25, The bed of black shale 1s
200 feet south of mile 16 on the railrcad. It is at least 80 feet thick.
The strike of the formation averages N. 75° E; the dip is nearly vertical
to the north. The hanging wall 1s sandstone.

Sample 53 was 80 feet long. It was cut normal to the strike and dip
of the shalc exposure in the railroad cut. The second sample, 54, was 50
feet long. It represents the nommal width of on outerop near the sandstone
hanging wall of the shale zone.

Lightweight-Aggregate Tests

Table 35 gives the results of stationary kiln tests on the bloating
characteristics of samples 53 and 5k,

TABLE 35. - Results of stationary-kiln bloating tests on samples
53 and 54, mile 16

Sample |Temperature, Bloating results
No. ac, Poor Fair Good Remarks
53 1,100 X
53 1,150 x
53 1,200 x Bloated .1/
54 1,100 b's
5k 1,150 x|
5l 1,200 x| . Bloated.l/

—_ d L
1/ Iarge, cellnlar, structural bubbles 1/8 to 1L/4 inch in diameter.
Conclusions

The results of preliminary tests indicate that the Matanuska River
shale (mile 16 Matanuska Branch Railroad) should be suitable for lightweight -
aggregate production.

It is recommended that larger-scale samples be procured and submitted
for rotary-kiln tests. Physical tests of the aggregate should then be maede,
if warranted.
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Other Matanusks -Formation Shales

Samples were taken of three other shale beds in the Metenuske formation
and preliminary tests made,’

Sample 9 was taken across a 200-foot shale bed near mile 68.1 on the
Glen® Highway. This shale bed i3 in the upper part of the Matanusks forma-
tion, where it 1s interbedded with sandstone and conglomerate.

Sample 12, mile 71.5, is very similar to the material from mile 67. It
represents a section across a 270-foot bed,

(ne other sample, 10, was taken from a shale member in the lower part of
the Matenusks formation. This sample was taken near the north abutment of the
highway bridge across the Matanusks River,

The results of preliminary stationary-kiln tests on samples 9, 10, and
12 are given in table 36.

TABLE 36. - Results of stationary-kiln bloating tests on
gamples 9, 10, and 12, Metanuska formation shale

Sample ! Temperature Bloating results
No. } o¢. Poor Falir Good Rema.rks
9 | 1,100 x
9 1,150 X .
9 | 1,200 X
10 1,100 X
10 | 1,150 x
10 1,200 x Slumped .
1z , 1,100 : p:< Temperature too low,
2 | 1,150 : x |
2 7 1,200 % Too high-glazed.

Preliminery tests indicate that the materlal represented by samples 9 and
10 is not suitable for the production of lightweight aggregate. Sample 12
gave results somewhat similar to that of the Anchorsge Sand & Gravel Co. shale
at mile 67. It may be suitable for the production of Haydite.

Cantwell Shale

During the building-materials investigation, samples of shale memders in
the Cantwell-Windy area were taken for testing for ceramic uses and for chem-
ical analyses to determine their possible use in the production of cement or
mineral wool, Samples also were submitted for lightwelght -aggregate tests.
(See fig. 3.)

Sample 51 was taken along the railroad cut at mile 321.1 on the Alaska
Reilroed 1.4 miles north of Cantwell, Alaske. The formation at this location
consists mainly of beds of shale with narrow bands of included igneous materi-
#l, Semple 51 represents a 250-foot shale bed at mile 321.1.
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The second sample, 52, was from a 200-foot shale bed, which forms a cLiff
on the right limit of Little Windy River 1 mile upstream from the crossing of
the Alaska Railroad.

Results of the stationary-kiln tests are given below:

Test results

Sample | Temperature, . _Bloating results |

No. °c. | Poor ., Fair | Good | Remarks

51 1,100 lox | . Temperature £oo low.

51 1,150 o= ] ’ | Slight indication of bloating.
51 1,200 ! X l . Iarge bubble with glazed outer

| | 3 : surface.

52 1,100 ‘ x ! : | Temperature too low.

5 | 1,150 x | Slight indication of bloating.
%2 1,200 [ x| ; Iarge bubble with glazed outer

!

The results obtained indicate that the material represertsd by samples 51
and 52 1s not suitable for production of lightweight aggregate.

surface.

Healy Shale

The Tertiary coal-bearing formation in the Healy River Valley (fig. 14)
consists of a series of sandstones, grits, shales, claystones, fine conglomerates,
and coal beds., Two of the most prominent and persistant shale beds were tested
for ceramic uses, Good results were obtained.éi/E Duplicate samples also were
tested for the production of Haydite.

Samples 45 and 46 were taken across the shale bed near the top of the upper
member of the Tertiary formation at stratigraphic section B (fig. 15). Sample
49, at section A, represents the same shale bed 1-1/2 miles west of the first
location,

The other shale bed sampled (sample h?) lies on cdal bed F approximately
1,300 feet below the first bed sampled. Only the lower 40 feet of this shale
bed was sampled because the upper 45 feet was very silty.

The results of stationary-kiln bloating tests for lightweight aggregate on
the shale samples from Healy are given in table 37.

37/ See section Brick and Clay Products in this report.

5103 - 63 -




TABLE 37. - Results of stationary-kiln bloating tests for lightweight
aggregation Healy shale samples

Sample ' Temperature __ Bloating results
No. °c. _Poor ' Fair Good - Remarks
45 1,100 | x| " Too low,
L5 1,150 ' x : Slight expansion.
45 1,200 x ' . large volume increase, fragile
‘ ‘ : honeycomb structure.
L6 1,100 .+ x ; . Slightly bloated core surrounded
‘ ' - : by unbloated material.
) 1,150 Cox " Fragile,
46 1,200  x Over bloated.
b7 . 1,100 x Temperature too low.
by . 1,150 x Slight core bloat.
Ly 1,200 x Short temperature range.
L9 1,100 x Pemperature too low.
49 . 1,150 P ~ Too fragile.
Lo 1,200 x Over bloated-very fragile.

The results of the teste on Healy shale represented by samples 45, 46, U7,
and 49 indicate that the shale has no merit as & raw material for the production
of lightweight aggregate.

Fairbanks Area loess

Overlying the gold-bearing gravels in the Fairbanks district is up to 200
feet of partly decayed vegetation and finely divided silt of loam locally called
"muck". It is the opinion of Capps38/ that much of this fine material is loess -
wind-blown dust from the broad flats of the glacial streams - that was deposited
over the hills and valleys in the unglaciated area of interior Alaska., This
loess was recommended to the Bureau of Mines for investigation by George 0. Gates
geologist, Geological Survey, because of its similarity to the loess of Kansas,
which may be used to produce an acceptable lightweight aggregate.

Two samples of the muck in the Fairbanks area were taken. The first, sample
k2, was teken on Eva Creek in the Ester Creek district, 8 miles west of Fair-
benks, Alaska. Here the thickness of the muck averages 60 feet.

Sample 44 was taken upstream from Fox, Alaska, on Goldstream Creck where
the muck is at least 100 feet thick. This location is 8 miles northeast of
Fairbanks, Alaska.

Samples 42 and 44 were submitted to the Electrotechnical Isboratory of the
Bureau of Mines at Norris, Tenn., for testing of bloating characteristics. The
results are given in the following table.

38/ Work cifed in footnote 2, pp. 16L-165,
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TABIE 38. - Results of Fairbanks loess-bloating tests

Sample |Temperature Bloating results
No. oC., Poor Fair Good Remarks
) 1,100 X |No indication of bloating.
ite) 1,150 X | Do.
k2 1,200 X Shrinkage, outer surface glazed.
Ly 1,100 A No indication of bloating.
Ly 1,150 X Do.
L 1,200 n % | Some expansion.

The results of the stationary-kiln tests gliven in table 37 indicate
that the loess from the Fairbanks area is not sultable for the production
of Haydite.

Mg tanuska Valley Loess

Deposits of loess were reportedig/ also in the Matanuska Valley. Sever-
al of these dune deposits along the west bank of the Matanuska River north
of Palmer were investigated by the Bureau of Mines during the course of
the nonmetallic-building-materials program.

The deposits comsist of finely divided materiel that has probably becn
windblown from the braided stream bed of the glacial silt-laden Matanuska
River. The deposits are small and wnderlain by sand and gravel. Sample 55
was taken from a loess dune exposed in a gravel pit adjacent to the old
road 3.1 miles north of Palmer, Alaska.

The deposit sampled is dog-legged in shape. It is about 200 yards long
by 250 feet wide. The dune averages 10 feet in thickness throughout the
central 100 fect of width but diminishes to approximately 3 feet in thickness
near the edges.

Results of stationary-kiln blomting tcsts on sample 5% follow:

Test Results

Sample  Temperaturc Bloating results
No ., oC, Poor Fair Good Remarks
55 1,100 X
55 1,150 X
55 1,200 X
55 1,250 Slumped - not bloated.

Note: Very little indication of bloating through 1,100°0 - 1,200°¢ C,

The loess deoposits in the Matanuska Valley represented by sample 55 arc
not amenable for the production of lightweight agegrcgate.

G/ Work eited 17 footnote 36.
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West Fork of Chuliina River Area Argillites

Introduction

Many argillaceous materials have been investigated as raw materials for the
production of lightweight aggregates. Among those that have been testedﬂ?_ are
clays, shales, and slates. During this investigation, several argillite beds
in the West Fork of the Chulitna River area were sampled.

Location and Accessibility

The West Fork of the Chulitna River area is in the Broad Pass region of the
Talkeetna mining district on the south slope of the Alaska Range. Tt is
situated within the Third Judicial Division, headquarters of which is Anchorage,
Alaske, The area is approximately at latitude 63° 15' N. and longitude 1490
30' W,

Access to the area from Colorado Station on the Alaska Railroad is by gravel
roads maintained by the Alaska Road Commission. The roads connect the Alaska
Reilroad with the Golden Zone gold mine on the West Fork of the Chulitna River
and vith the W. E. Dunkle coal mine on Camp Creek in the Costello Creek Basin.

The location of the sample area is shown on figure 26.

Description of Deposits

Permian and Triassic argillites of various compositions are in the West
Fork of the Chulitna River area, Argillites of Permian age have been classified
by Rossl* into four units:; B, C, D, and E.

Unit D is composed of chert, cherty limestane, and chloritic argillite with
minor amounts of andesitic lava, tuff, and fine conglomerate. Three samples
vere takenfrom an outcrop of um.t D argllhte exposed in the ditch near the
Golden Zone power house on the West Fork of the Chulitna River (fig. 27). Here
the formation is gray to black argillite interbedded with minor amounts of chert
and limestone. At the location sampled, the formation strikes N-S, and the dip
;:‘s vertical, Sample numbers 196, 197, and 198 represent & true thickness of 333

eet.

(ne semple, 199, was taken from an argillite bed in unit E exposed in the
Colorado Creek gorge where the power line from the Golden Zome power house to
the W. E. Dunkle coal mine crosses Colorado Creek. Unit E resembles unit D but
containg more tuff and less argillite. The unit F argillite bed strikes N. 300
E. and dips 60° southeast. Gray to black, the argillite is much folded and

faulted and has a steel-gray luster. True thickness of the argillite represented
by sample 199 is 75 feet. Figure 28 shows the location of the sample .

By far the most extensive /md homogenous argillite was found in the Triassic
argillite unit shown by Ross_’f?_ as a w:Lde belt west of the Golden Zone mine.

L0/ Work cited in footnote 35. T
Tf]-./ Work cited in footnote 13, p. 297.
12/ Work cited in footnote 13, plate 25.
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The argillite beds strike northward scross the West Fork of the Chulitna River.
Figure 29 indicates the three samples, 200, 201, and 202, taken from this forma-
tion. fThe area sampled is approximately 3 miles west (fig. 26) of the W. E.
Dunkle coal mine on the east slope of the ridge, between Colorado and Costello
Creeks. Here a tributary of Costello Creek has cut through part of the forme-
tion and exposed the argillite in high stcep banks.

The argillite, where sampled, 1s gray to black., It contains only minor
amounts of interbedded arenaceous and calcareous materinl. The strike of the
formtion is N. 60° - 65° E. The true thickness of 510 feet is represented
by the samples token.

Lightweight -Aggregate Tests

The resulis of stationdry~kiln bloating tests by the Bureau of Mines on the
above samples are given in table 39.

TABLE 39. - Bloating tests on argillite from West Pork of
: Chulitnna River

Sample —Temperature, : Bloating results

No. °c. { Poor  Fair | Good Remarks

9% . 1,100 | x | t

196 ‘ 1,150 x !

196 1,200 x I

196 1,300 x ! No indication of bloating.
197 1,100 x ; !

197 1,150 X ;

197 1,200 | x i

197 1,300 X No indication of bloating.
198 . 1,100 x ;

198 | 1,150 x |

198 ‘ 1,200 x ;

198 1,300 A 4 , No indication of bloating.

‘ f

199 1 1,100 | oz f

199 1,150 ; x|

199 1,200 i X Slightly overbloated.

199 1,250 | x| Slumped.,

200 1,100 ! x

200 1,150 ‘ l X Possibly good depending on ronge.
200 1,200 ‘ X Overbloated.

200 | 1,250 | x - Slumped.

201 1,100 boX

201 1,150 ' X Possibly good depending on range.
201 1,200 . X | Overbloated.

201 1,250 ' x | Slumped.
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TABLE 39 - Bloating tests on argillite from West Fork of
Chulitna River (Cont.)

sample | Temperature Bloating reaults
No . oC, Poor Fair Good Remarks
202 1,100 T ox
202 1,150 | x Possibly good depending on range.
202 | 1,200 X Overbloated,
202 1 1,250 X S lumped.
Conclusions

The results of the stationary-kiln tests indicate that the material from
unit D of the argillite in the West Fork of Chulitna River aree, represented by
samples 196, 197, and 198, does not bloat throughout a 1,100 - 1,300° C. tem-
perature range; therefore, 1t 1s not a rav material suitable for lightweight-
aggregate production,

Sample 199, representing an argillite bed in unit E, had the best bloating
range of all the materials sampled in this area. This material gave g falr
velume inerease at 1, 100° C., was well-bloated at. 1, 1500 C., and was only
slightly overblnated at 1,200° C. Although the above test results Indicate
that the material sampled has very good bloating characteristics, its remote
location and its distance from the Alaska Railroad prohibit further considera-
tion of this deposit as a source of raw material for the production of light-
weight aggregate in competition with deposits more favorably situated with
respect to the probable markets.

The three samples - 200, 201, and 202 - representing the Triassic argillite
gave similar results -~ the arglllite bloated satisfactorily at 1, 1509 C., but
the bloating range is very short. During the tests, no volume increase was
noticeshle at l,lOOo C. The samples were seriously ovefbloated at 1,2000 C.

Tndian River Arglllite |

Introduction, Location, and Accessibility.,

Argillites exposed in the cut of the Alaska Railroad along Indian River L
miles south of Chulitna Station were among the materials tested for the produc-
tion of lightweight aggregate. The area is 166 miles by rall north of Anchor-
age, Alaska, and 200 miles south of Fairbanks. Rail transportation on the
Alaska Rallroad is available throughout the year.

Description of Deposits

The location of the Indian River argillitec samples is shown in figure 30.
These argillites belong to & group of shales, limestones, argillites, and
graywaeckes that have been mapped by the Geological Survey&i/gas undifferentiated
Mesozole rocks. The formation is exposed along the canyon of Indian River for

43/ Work cited in footnote 2,pl. 2.
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approximately 1 mile. The strike of the sediments is east-west, and the dip is
20~ 30° 8. The formation sampled contains interbedded layers of shale and
calcareous material.

Sample 203 was taken on the west side of the Alaska Railroad at mile 270.7.
It consists of argillite with minor amounts of interbedded graywacke. The true
width sampled is 216 feet., The strike of the formation at this location is
N. 20° W.; the dip is 20° SW,

At mile 269.9, 50 feet south of the Indian River bridge, sample 204 was
along the west side of the railroad cut where it traverses a small knoll west of
Indian River, Strike of this formatican is east-west and the dip 30° 3. Where
sempled, the argillite is relatively free of impurities and 40 feet wide.

Fifty feet north of the same bridge on the east side of Indilan River,
sample 205 was taken across 90 feet of interbedded argillite. The strike of the
formation is N, 75° W.; the dip is 25° 8.

Sample 206 is very similar to 205 in appearance and has the same strike
and dip. This sample was taken on the east side of the track, just south of
the bridge at mile 270.0.

Lightweight-Aggregate Tests

The results of tests in a stationary kiln on the bloating characteristics
of argillite samples from Indian River are given in table 40.

TABLE 4O, - Results of stationary-kiln bloating tests on argillite
samples from Indian River

Sample  Temperature, | Bloating results

No. | oC.  Poor | Fair | Good Remarks
203 | 1,100 .| x | |

203 | 1,150 e |

203 | 1,200 Lox |

203 1,250 | boox Possible sticking.
203 1,300 Lox ] | Slumped.,

204 1,100 box ! |

204 1,150 X |

204 1,200 , ! X

204 1,250 ‘ Iox Possible sticking.
204 1,300 X , Slumped.

205 1,100 x :

205 1,150 X f

205 1,200 ' box

205 1,250 : x Possible sticking.
205 1,300 | X Slumped.,

206 1,100 Cox |

206 1,150 f x (

206 1,200 { | x |

206 1,250 l B ‘ t Starting to slump; possible

! i
: « ‘ sticking.
206 . 1,300 e | Slumped.
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Conclusions

The results obtained in the preliminary tests on samples 203 through 206
indicated that further investigations of the material represented by samples
204 and 205 is justified. The location of these deposits along the right-of-way
of the Alaska Railroad also favors their exploitation. Iarger samples will be
submitted for rotary-kiln tests during the 1951 field Season .

Miller's Landing Clay

Introduction, ILocation, and Accessibility

The clay bed near Miller's Ianding in the Homer area was the only deposit
examined for clay products and for the production of lightweight aggregate that
was not directly within the Railroad-belt area., This deposit was sampled
because of its location adjacent to Homer and its accessibility, by barge on Cook
Inlet to Anchorage or by the new Sterling Highway to both Anchorage and Seward.
Homer is on the north shore of Kachemak Bay near the tip of the Kenal Peninsula.

The location of the clay outcrop near Miller's landing is shown in figure 18.

Phiysical Features and Climate

Homer is at the southern end of the Kenal lowland, which is on the Kenai
Peninsula north of Kachemak Bay along the west flank of the Kenai Mountains.

In the Homer axea, the sea cliffs elong the north shore of Kachemak Bay are
50 to 200 feet high. A bench 1 to 2 miles wide parallels Kachemak Bay and slopes
gently northward from the bluffs. This bench is traversed by several small,
rarallel streams that drain the uplands to the north. .

The climate of the area is that characteristic of coastal Alaska. Summers
are cool and winters mild. The mean ammual temperature is 37.7° F. The average
total precipitation is 25.4 inches. Freezing temperatures may be expected from
early Sepbember until the middle of June.

" Description of Deposit

A 30-foot bed of blue clay outcrops 0.8 mile south of Miller's Ianding in
the bluff along Rachemak Bay east of Homer, Alaska. The clay lies between two
coal beds near the top of the stratigraphic section shown in figure 19. At this
locality, the formation dips gently to the north.

Lightweight -Aggregate Tests

Preliminary kiin-bloating test results are given in table h4i.
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TABIE 41, - Results of stationary-kiln bloating tests on samples
Miller's Landing clay

Sample | Temperature Bloating results
No. oC. Poor Pair Good Remerks
7 1,050 X
7 1,070 X
77 1,090 X 7 Bloating fairly good.
7 1,100 ‘ x Do.
7 1,125 | X
7o 1 ,150 i | X Bloated to extreme.

'Notes At I,1I00° C., ‘25-percent volume increase;
at l ,1259 C., TS-percent volume increase;
at 1,1500 C., 200-percent volume increase.

The preliminary tests indicate that, at temperatures between 1,070° and
1,125° C., a good lightweight aggregate may be produced from this mterial but
that bloating is only fair at the lower temperatures. Bloating is intermal,
with no apparent sticking on the surface of sample tested. At 1,150°0 C, the test
Piece was overbloated.

Senmple 77 is one of the borderline cases that are very difficult to evaluate
from small-scale tests alone. This clay bloats at a comparmtively low tempera-
ture, below, 1,100° C., and gives an excellent volume increase. There was some
indication that it might be one of the rare materials that will bloat before the
outer surface reaches a pyroplastic condition. This would permit production
of aggregate in a gradation of sizes that does not require crushing after process-
ing. (n the other hand, the tests indicate a very short bloating range; conse-
quently, it would be difficult to prevent overbloasting in a rotary kiln. Over-
bloating would result in a very light but fragile product. The clay breaks down
into fine particles rather than into lumps when crushed; therefore, it probably
would be necessary to pelletize the clay before processing.

Conclusions

Preliminary stationary-kiln tests indicate that an acceptable lightweight
aggregate may be produced from the Miller’s landing clay., Iarger-scale samples
with rotary-kiln tests are warrented because of the favorable bloating character-
istics of this clay. Additicnal samples were to be procured during the 1951
field season.

Pumi ce

Pumice is a volcanic glass with a highly cellular structure that has been
formed by repid cooling and rapid pressure change of an acid-type lava, such as
rhyolite. The degree of expansion of the original siliceous lava and the size
of the vesicle in the pumice are determined by the rate of cooling and by the
amounte of gas and water vapor in the lava. Pumice ranges in size from grains a
few millimeters in diameter to lumps of several cubic feet displacement.
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Large amounts of water vapor and gas may produce a flner fragmentary
product called volcanic ash or pumicite,

Pumice and pumicite were first used as aggregate in the days of the
Fomens, Some of their monolithic concrete structures, such as the Colos-
seum and the equeducts, which were made with volcanic ash, are still stand-
ing., In the United States, the largest use is as sggregate for lightweight
building blocks and units, and for monolithic concrete structures where
light weight is desirable,

Deposits of pumice and pumicite occur in Alasks in several localities,
Areas that are known to contain deposits of this type and are accessible to
Anchorsge and to the rail belt region are on Augustine Island in Cook inlet
and along the Alaska Peninsula, especially within the Katmai National Monu-
ment, Pumice and pumicite have been mined in both localities and shipped
by barge to Anchorage for the building-block industry.

In the Department of the Interior program, the Geological Survey was
designated as the agency to make all preliminary explorations of deposits
contalning nonmetalliferous minerals for use as building materials in the
Alaska Railroad region. The Geological Survey was unable to investigate
these deposits during 1950, but plans called for examination of the pumice
deposits by this agency during the 1951 field season,

The Bureau of Mines is indebted to the Territorial Department of Mines
for much of the data on pumice and pumicite deposits included in this report.

Augustine Island Pumice

Introduction, Location, and Accessibility

The pumiﬁ deposits on Augustine Island in Cook Inlet were examined by
L, A, Da.hners_./ of the Territorial Department of Mines during October 1947,
The examination was made at the request of the Alaska Katmalite Corp. 4 An~
chorage, Alaska, who were producing lightweight building bdblocks from pumice
they were mining on Augustine Island,

Augustine Island i1s in lower Cook Inlet near 59° 20' north latitude
and 153° 20' west longitude (fig. 31), There is no good harbor on the
island, and all shipmente must be made by barge or small boat,

Physical Features and Climate

Avgustine Island is a smooth volcanic cone rising from Cook Inlet to
3,973 feet. Mount Augustine is still cc?xsidered active,)ii though its last
violent eruption was in October 188346

}}_{L/ Dehmers, L, A., Preliminary Report on Some Pumice Deposits, Augustine
Island, Alaska: Alaska Territorial Dept. of Mines, unpub, rept.,
1947, 10 pp.

45/ Martin, G, D., and Katz, F. J., A Geological Reconnaissance of the
Iliamna Region, Alaska: Geol. Survey Bull, 485, 1912, p. 9k,

4/ Davideon, George, Notes on the Volcanic Eruption of Mount St, Auvgustine,
Alaska, Oct, 6, 1883: Science, vol. 3, 1884, pp, 186-189,
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The slopes of the cone are steep and covered with a dense growth of
alder. Mosses and grass form a carpet under the alders and cover the more
open slopes between the alder thickets. There are no trees on the island.
Numerous streams, which flow radially down the island's slopes, have formed
steep-walled gullies,

The climate of the region is moderate, being that typical of coastal
Alaska, Summers are cool, and the winters, although long, are mild.

Description of Deposits

The volecenic material forming Mount Augustine end covering the island
has been determined by Becker&l to be andesitic. The individual deposits
examined by Dahners, except one, were thin (2 to 3 feet maximum thickness).
Pumice deposits are in shallow depressions along the slopes. The inclination
of the slope at the deposits has been estimated to be 10° or less.

The best deposit, 5, has been described by Dahners as follows:

. The exceptional deposit noted above 15 at an elevation of
1,240 feet and is represented by sample number 5. This deposit is
more than 10 feet thick and the face that was visited is in one of
the numerous canyons on the lsland, The deposit shows bedding
(thought to be cross-bedding) and most of the individual particles
of pumice are rounded pebbles. The deposit is much cleaner than
the others, being nearly pure pumice and containing little or no
non-vesicular volcanic glass. Although it has been thought by
some that the canyon has been cut through a pumice deposit of large
areal extent, it is more likely that this deposit has been washed
from above by freshet action, which would carry the pumice as long
28 the volume of water was large and as long as 1t was possible to
keep the load in motion. However, as soon a& a deposit started to
form, succeeding freshets would drop their load in the same place
because the water would tend to drain away through the earlier
deposit. Even though the margins of the deposit are not visible,
it is estimated on the above premise that the dimensions of this
deposit will not exceed 300 feet in length in the valley and 50
feet in width, and that the average thickness will be approximately
10 feet even though the visible face is much thicker than that.
Further, it may be deduced, if the above premise is correct, that
the supply of pumice that could be washed into this canyon and
accumulated in this deposit 1s now depleted; or, less reasonable,
that the freshet or flood action is not active now because at
present the canyon is being reopened through the pumice deposit,

A screen analyses of sample 5 by Dehners is given below:

L7/ Bécker, G. F., Reconnaissance of the Gold Fields of Southern Alaska, with
some Notes on the General Geology: Geol. Survey, 18th Ann. Rept.; 1898,
2. 28"30, 52'5)4'.
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The average specific gravity of the sample was 1.3. Thoe material was nearly all
Pumice that was less granular and contained less glassy particles than the
other sanples taken,

The pumice from Augustine Island has been used in Anchorage to produce
acceptable lightweight building blocks. The deposits, however, are small, nining
costs have been high, and transportation from the harborless island is dif;f‘icul‘b.

Ketmoi National Monument Pumice

Introduction

Volcenism is still active within the Kaﬁg?i National Monunent. Five active
and one extinct voleano have been identified X/ in this areéa. They aré the
source of tho punice and other extrusive rocks. Two of the voleances, M'a.ﬁejyk
Mountain and Moumt Katmal, have had major explogsive eruptions since 1900.439
Maojeik Mountain erupted on July 4.5, 1936, and sgain in 1946 (2). Mount Kntmad
erupted June 6-9, 1912, Majeik Mountain had a minor explosive eruption in
August 1927, and Mount Ketmai has had minor eruptions October 1912, March 9,
1920, and November 27, 1921.

The pumice and pumicite deposits of the Katmai district have been known
since 1915, when the National Geographic Society sent an expedition into the
region to investigote the effect of the 1912 eruptioh of Mount EKotmai .?_Q/ On
the basis of the dnta gathered by this expedition, and by loter expéditions,
Griggs?_},/ ealculated that a total mass of 6.25 cubic riles of volcanic material
was thrown out during the eruption. ‘ ‘

In 1923, the northwest half of the monument was included in a survey of
the Gold Bay-Katmai district by the Federal Geological Survey,zg/ and a geologic
map of the area was prepared. The pumice deposits in the Valley of Ten Thousand
Smokes have been described in more detail by C. N. Fenner,33/ one of the members
of the National Geographic Society expeditions. C

ﬂg/ Sﬁlthiag. R., The Cold Bay~-Ratmal District: Geol. Survey Bulll, T73-d; 1525,
p. .

49/ Coats, Robert R., Volconic Activity in the Aleution Arc: Geol. Survey

T Bull, 974-b, 1950, table 2.

_5_9/ Griggs, R. F., The Valley of Ten Thousand Smokes: Nat. Geographic Soc.,
1922, 341 pp.

51/ Work cited in footnote 50, p.-31.

52/ Work cited in footnote 48\ _

z/ Fenner, C. N., The Origin and Mode of Emplacement of the Great Tuff Deposit
in the Valley of Ten Thousand Smokes: Katmai Series No. 1, Nat. Geo~
graphic Soc., 1923,
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The search for lightweight aggregate for the concrete-block industry of
Anchorage Jaska, led to an investigation by the Alaska Territorial Department
of Mineswé in 1947 of the pumicite deposits in the Katmai National Monument
that are accessible to the Pacific Ocean. In 1941, Roehméi/ had examined the
pumice deposits in the Valley of Ten Thousand Smokes on the north slope of the
Aleutian Range. At that time, he reported that all of the fumaroles for which
the valley was named, except eight active vents on the west and north flank of
Raked Mountain and Novarupta Volcano, had ceased to give off steam. In all the
tests on the pumicite from Katmail National Monument, most of the impurities,
sand, and ash were minus-28-mesh.

Incaticn and Accessibility

The Katmal National Monument embraces an area on the south side of the
Alaska Peninsula from latitude 57° 52' to 53° 01' N, and longitude 153° 16! to
156 08' W. The area examined by Roehm in 1947 is approximately 280 miles
south of Anchorage, Alaska, by water by Cook Inlet and Shelikof Strait (see
fig. 32).

Iescription of Deposits

Luring and after the eruptions of Mount Katmai and Novarupta Volcano, the
pumicite was deposited over the surface of both the land and sea, Figure 33
shows approximate depth contours for the blanket of pumicite as originally
laid down. Wind, wave, and stream action has since removed much of this
material, leaving accumulations along the stream valleys and the beaches. One
of the largest deposits, but one not easily accessible, is that formed by
the incandescent sand flow from Novarupta Volcano and other minor vents that
flowed down the Valley of Ten Thousand Smckes.

An abstract of Roehm's data for each of the six areas examined during
l9h7§§/ follows:

Area 1, Hidden Harbon, Kinack Bay

Hidden Harbor is a small embayment at the head of Kinack Bay. The harbor
is shallow and is connected with Kinack Bay by a narrow, rocky passage 3 to 4
fathoms deep.

Two areas of pumicite are easily accessible to this harbor. Gne lies to
the northeast in a low pass of benches and small rolling hills. The benches,
hills, and intervening gulches are mantled with light-gray pumicite. The other
area lies to the northwest of the harbor. It consists of accumulations of pum-
icite extending from the toe up the slopes of the mountains for 400 to 500 feet

54/ Roehm, J. C., Preliminary Report on Some Pumicite Deposits, Katmal National
Mcnument, Alaska; Territorial Tept. of Mines unpub. rept., 1947, 1k pp.
55/ Roehm, J, C., Summary Report of Mining Investigations in the Kvichak
Precinct, Alaska: Territorial Dept. of Mines unpub. rept., 1941, 3 pp.
56/ Work cited in footnote 52.
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The bench and hill deposits are sparesely covered with grass and alders.
Slope deposits begin within 300 feet of the beach. Bench deposits begin
immediately behind the beach.

The pumicite of slope deposits and of bench deposits appears to be similar.
The average size of the larger pumicite pieces is 3/8 inch in diameter. Bench
deposits range from 4 to 6 feet in thickness, while the slope deposits are over
10 feet at the bottom and gradually thin out up the slopes. The lowest foot
of material in the bench deposits is a pumicite mud grading into black,
carbonaceous material.

One sample was taken from near the bottom of one of the slope deposits,
Depth sampled was 10 feet, which was not the total depth. A screen analysis of
the sample is given below.

Screen analysis of Hidden Harbor pumicite, in percent

Minus-4-mesh™ | Minus-10-mesh | Minus-28-mesh ; Minus-00-mesh
Plus -k-mesh Plus-10-mesh | Plus-28-mesh @ Plus-60-mesh ' Plus-100-mesh
n g 15 f L6 .2 ; 33.2 : 0.33

Area 2, Head of Kinack Bay, Fast Shore

The northeast head of Kinack Bay is a wide, low valley with rolling hills
end numercus draws mantled with pumicite. The pumicite om the hills range from
3 to 4 feet in thickness., Erosion by wind and stream action has concentrated
a8 greater thickness of pumicite in the valleys and draws. Many thin, black,
cinder seams less than 1/4 inch in thickness were noted in the pumicite. As
many as eight cinder seams were noted in the 4-foot thickness of the pumicite
deposit trenched. The top 3 feet consisted of unsorted pumicite particles
ranging from l/é inch in diameter down to finc dust, Below the 3 feet of coarsec
pumicite was a layer of fine altered pumicite mud.

Because of the abundancc of impurities, no screcn tests of this sample
vere made. :

Area 3, Southwest Corner of Geographic Harbor

Geographic Harbon is situated west of the entrance of Kinack Bay in the
south-central pert of Katmal Monument., Area 3 consists of long slopes, with
intervening draws leading to the mountains inland from the southwest portion of
the harbor., Geographic Harbor is ideal for medium-size vessels, Charts show
60 fathoms of water 200 fecet offshore.

In 1947, the Pumice Building Block Co. of Anchorage was mining pumice from
below tide level on the shores of this harbor.

The pumicite-covercd benches, which rise abruptly from the shore lines, are
30 to 50 feet high. The surface slopes at about a 30° angle from the benches
westward 1/2 mile to the mountains. The average thickness of the pumicite on
the slopes is 3 feet, but the thickness increases gradually along the side slopes
and in the draws, The pumicite is underlain by 6 to 12 inches of black, carbona-
ceous material on hard, sedimentary bedrock.
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A sample taken from the top of one of the long slopes represents a depth
of 3 feet., A screen analysis of this pumicite follows:

Screen analysis of area 3 pumicite, in percent

T Minus -k-mesh Minus~10-mesh ° Minus-28-mesh | Minus-60-mesh
Plus- 4-mesh | Plus-10-mesh Plus~-28-mesh ! Plus-60-mesh | Plus~100-mesh
4 | 28 50 | 17 f 1

The minus-4-mesh to plus-28-mesh material, which represents 82 percent of the
total, appears to be suitable for pumicite blocks.

Area 4, Northwest Corner of Geographic Harbor

Pumicite covers the floor of the long, low, glacial valley in the northwest
part of Geographic Harbor. The hills range from 30 to 100 feet in height. The
depressions between the hills contain glacial gravels. Because of the consider-
able wind action in this area, the largest accumulations of pumicite are in
the depressions and on the southeast or lee side of the hills. The thickness
of pumicite ranges from 2-1/? feet on the tops of the hills to over 10 feet on
the slopes and in the depressions. A 30-foot bench at the beach also is
covered with pumicite.

The pumicite in this area contains more sand than the pumicite in area 3;
futhermore, it contains a small amount of cindex. The pumicite is light gray.
The fragments are more rounded than the fragments from the other deposits
sampled.

Screen analysis of area U4 pumicite, in percent

Minus -F-mesh Minus -10-mesh Minus-2d-mesh © Minus-60-mesh
Plus ~l4-mesh Plus-10-mesh Plus~-28-mesh . Plus-60-mesh Plus -100-mesh
L 15 L6 : 32 3

Ares. 5, Takli Island

Talli Island is 2 miles off-shore from the entrance of Geographic Harbor
in Amalik Bay. The island is low relief, generally less than 50 feet. The
only notable topographic feature is a hill in the northwest corner of the island
which rises abruptly from the beach to an altitude of over 300 feet.

Wind action has removed the pumicite from the low hills and concentrated
it in the north-south valleys and in other depressions. The area examined by
Roehm 1s inland from a small bay at the George Hadden cabin on the center of
the north shore of Takli Island., One deposit, situated near the Hadden cabin,
occupies a depression more than 300 feet wide; its larger axis bears south-
southwest. Mixed with the pumicite are fine, black glass particles from the
weathered lava bedrock. No sample was taken from this deposit, because samples
from 1% have been tested extonsively by Northwest Laboratories for the Pumice
Building Block Co. of Anchorage.
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A sample wes taken from the slopc deposit east of the Hadden cabin. The
slope deposits have been formed in the lee of the hills; thelr thickness
rangos from 6 feet at the toe of the slope to nothing near the top. The
screen analysis of this pumicite is given below.

Screen analysis of Tekli Island pumicite, in percent

. Minus-k-mesh | Minus-i0-mesh | Minus-28-mesh
Plus-4-mesh ' Plus-10-mesh ! Plus-28-mesh Plus-60-mesh | Minus -60-mesh
0.8 ’ i | 59 24 k.1

Area 6, Kukak Bay

Kukak Bay is a long, southwest-trending indentation from Shellkof Strait
behind Capc Ugyak. Two large streams, which head in the direction of Mount
Ketmai 22 miles to the west, enter at the head of the bay and have deposited
a large quantity of pumicite there, making it very shallow., Kukak Bay 1s
navigable by large vessels to within a mile of the head where the depth
changes rapidly from 60 fathoms to a few feet. The location of Kukak Bay is
gshown on figure 31,

High mountains are on both sides of the river valley, which hes a width.
of over a mile., The valley is of glecial origin. For seversl miles west-
ward from the head of the bay, it is only a few feet above sea level., Numer-
ous small streems, which flow from hanging valleys, drain the mountein slopes.
Between the valley floor and the mountains on each side, the rolling topo-
graphy is mentled heavily with pumicite. Slope deposits of pumicite cover
the toes of the mountains on the north side of the valley. These deposits,
as seen from a distance, appeared to be whiter than the deposits noted in
Kinack Bay and along the south shores ¢f the monument., The major proportion
of pumicite particles are larger than were those noted elsewhere in the
monument. Pileces up to 3/h inch ware obscrved.

The fresh-water streams that enter at the head of the bay are largely
responsible for the great accumulation of pumicite found below tide level and
on the beaches. Because of this abundance of fresh water at the head of the
bay, it is very probable that the pumicite bencath tide level is not con-
taminated with salt,

A high-grade deposit of pumicite was found at driftwood level on the
beach. This deposit extends for over l/é mile along the beach and ranges in
width from 60 to 70 feet., The pumicite is gray; its average particle size is
about 1/4 inch. The thickness sampled was 3 feet. A screen analysis of the
semple follows:

Screen analysis of Rukek Beach pumicite deposit, in percent

Plus-4-mesh | Plus-1l0-mesh Plus-28-mesh Plus~60-mesh ' Plus-100-mesh

Minus ~-Gemesh E Minus-10-mesh | MINUS -28-mesh | MLOuS -60-mesh
|

3 | 10 55 i 5 Fono

The above test shows the absence of fines. Impurities also are absent. The
pumicite deposit is chiefly a concentration by strong waves and tidal action,
of strong durable pieces of pumicite of approximately uniform size.
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Perlite
Introduction

Perlitc is a pearly voleanic glass with a concentric lamellar structure
that contains 3 to 4 percent cormbined water.27/ Upon rapid heating, this com-
bined water expands the volume of the perlite several times to produce a light-
weight aggregate. Expansion tnkes place at the softening point, which ranges
from 800° to 2,200° ¥, depending upon the chemical composition of the crushed
perlite.2§

Although perlite does not have the strength of some of the other light-
welght aggregates, i1ts heat and sound insulating properties are very good. The
largest use for expanded perlite is as aggregate for plaster in the building
industry.

Only one deposit of perlite is known to occur In the Alaska Railrond belt,
This deposit, near Healy, Alaska, was investigated by Wahrhaftig and Eckhartd9
of the Geological Survey in 1950. The following data have been abstracted fron
their report.

Location and Accessibility

The Healy perlite deposit is associated with the lgneous complex, including
rhyolite, forming Sugnrloaf Mountain, 8 miles southeast of Healy, Alaskn.
Sugarloaf Mountain is at the head of the left fork of Moody Creck; it is approx-
imately 4 miles south of the ranilrcad spur up Healy Creek to the Suntrana coal
ninc (fig. 34).

Description of Deposit

The outcrop of perlite is on the southcost side of the mountain, near the
base of the rhyolite body. The base of the perlite outcrop is hidden by talus,
but a thickness of about 2 feet is oxposed. When examined on May 29, 1950, a
snowbank coversd the outcrop to the southwest leaving only o 6-foot scgment
exposed between the snowbank and the talus-blanketed slope to the northcast,
Scattered perlite float wes observed in this talus for about 50 feet. Wahrhaftig
cstimated the perlite could not be more than 10-15 feet thick. Probably much
of' its thickness is less.

In addition to the perlite at this outcrop, perlitc float was found at
three other places on the southcast and northeast sides of Sugnrloaf Mountain;
however, only a few pieces of perlite were obscrved at cach locality. It is
very unlikely that a large body of perlite exists bencath the rhyolite talus
ot these locations. .
57/ Johannsen, A., A Descriptive Petrography of the Igncous Hocks: University

of Chicago Press, vol. 2, 1932, pp. 284-285. *
2@/ Dolbear, S. H., Bowles, Oliver, and others, Industrial Minernls and Rocks?

Ar. Inst. Min. and Met . Fngr., 24 ed., 1949, b. 7hg.

22/ Wahrhaftig, Clyde, and Eckhart, R. A., Perlite Deposit, ncar Healy: Geol.

Survey merio. rept., unpublished, l9ﬁ9, 3 pp.
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The perlite is black, glassy obsidian with numerous vhenocrysts of
quartz or glassy feldspar; it shows distinct, fine, conchoidal fracturing.

Expanding Tests

Two specimens of the perlite were obtained from Wahrhaftig and submitted
to the Southwest Experiment Station of the Bureau of Mines at Tucson, Ariz.,
for testing. The samples were rolls - crushed through 10-mesh. Because the
perlite is an exploding variety, preheating was required to minimize the
decrepitation during expansion. The minus-10-mesh feed and a 10 to 20-mesh
fraction of the material were preheated at 500° C, for 1 minute, then they
were expended in a vibrator-actuated tube furnace at 1,100° C. The bulk
weight of the expanded minus-10-mesh and 10 to 20-mesh fractions were 12.0
and 9.6 pounds per cubic foot, reapectively. The expanded minus-l0-mesh
material was fractionated by sinkefloat to determine the gangue content.
About 2.7 percent composed principally of quartz fragments, was reported as
sink. The expanded particles were white and appeared quite strong.

The Henly perlite compares favorebly with Arizons and New Mexico perlites,
which are being processed for plaster and concrete aggregates.

Conclusions
The specimens tested produced good expanded perlite, The area was to be
investigated by the Bureau of Mines during the 1951 field season to delimit

the known occurrence and, if possible, discover others.

Summary and Comparison of ILightweight-Aggregate Tests

Shales and other argillaceous rocks amenable to the production of The
lightweight aggregate Haydite occur in several localities within the Rall-
road belt. One of the best of those tested is at mile 67 on the Glemn
Highway, where it is readily accessible to the Matanuska Valley and to the
Anchorage area. Preliminary tests indicate that the lightweight aggregate
produced has a fine, vesicular structure, with uniformly spaced pores.
Physical tests are in progress on commercial-size concrete building units
made with aggregate produced from the mile 67 shale.

A shale from mile 16 on the Matanusks branch of the Alaska Railroed is
of similar age and composition to the mile 67 shale; it gave similar results
in preliminary bloating tests. Additional samples will be taken for large-
scale-kiln tests.

Of the other formations tested for their bloasting characteristics and
possible use as lightweight aggregate, two samples of argillite near Indlan
River 4 miles south of Chulitna Stetion gave the best results., Preliminary
tests indicate good bloating at 1,200° C. Iarger samples will be submitted
for continuous kiln tests.

One deposit that was not directly within the Railroad belt was sampled.
This was a blue clay bed near Miller's landing at Homer, Alaska, Preliminary
tests indicate that the clay bloats at a comparatively low temperature, below
1,100° ¢., and gives an excellent volume increase. There was some indication
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that this material may bloat before the outer surface reaches a pyro-
plastic condition, permitting the production of aggregate in a gradation
of sizes that dces not require crushing after processing.

Pumice, a natural lightweilght aggregate, occurs within the Katmai
National Monument on the Alaska Peninsula and also on Augustine Island
in Cook Inlet., Although no samples have been taken by the Bureau of Mines,
building units of excellent strength and appearance have been produced
from this material.

One occurrence of perlite in the Healy area was investigated during
1950 by the Geological Survey. Two specimens procured from the Geological
Survey by the Bureau of Mines compare favorably with Arizona and New Mexico
rerlites, which are being processed for plaster and concrete aggregates,
The known deposit is extremely small, but the area was to be investigated
further by the Bureau of Mines during the 1951 field season,

POZZOLAN

Pozzolans are siliceous and aluminous materials, natural or artificial,
processed or unprocessed, which, though not cementitious in themselves, con-
tain constituents that will, at ordinary temperatures, combine with lime in
the presence of water to fo compounds that have a low solubility and pos-~-
sess cementing properties 00/ The pozzolanic material may be added to con=-
crete as it is being mixed, or it may be ground with cement clinker to
produce a portland-pozzolan cement,

The addition of pozzolan to concrete or use of a portland-pozzolan
cement in meking concrete gives several desirable characteristics to the
concrete, This is especlally true where the concrete is to be used in
large, massive structures made wlth aggregate containing reactive sub-
stances or to be placed in contact with alkali or sulfate waters,

Because the Bureau of Reclamstion is the primary designer and builder
of large dams and other structures of massive concrete in the United States,
it has taken the lead in investigating pozzolans and thelr effect on con-
crete, OSeveral publications and papers on different phases of this study
of pozzolans have been prepared by members of the Bureau of Reclemation,

The following data have been taken from a report by R. C, Mielenz.él/

The mechanism by which the pozzolan accomplishes these changes
in the properties of concrete is not fully known, However, the
pozzolanic action generally is belleved to be in part physical and
In part chemical. The physical effects relate particularly to the
low specific gravity of most pozzolans (ranging generally from 2,3 to
2.8, in contrast to about 3,1 for portland cement), as a result of which
the pozzolan occupies a greater volume than the weight -equivalent of
portland cement. Thus, if the cement -to-aggregate ratio by weight is

60/ Work cited in footnote to Table 28, p., 53,

Ez/ Mielenz, R. C,, Materials for Pozzolan = A report for the Engineering
Geologist: Bureau of Reclamation, Research and Geology Div.,
Petrographic Leboratory Rept. Pet -90A, Apr. 4, 1949, pp. 2-3,

5103 - 81 -




held constant, usc of a2 portland-pozzolan cement effectively increcases
the volume of cement in the concrcte, with epsulting tendency to
increased workability, plasticity, and water requirement.

Chemically, pozzolans docreasc susceptibility of the hydrated
portland cement to dissclution or detcrioration by maction with
the calcium hydroxide released by hydration of the portland cement.
Reactive substances of pozzolan, such as amorphous silica, volcanic
glass, or aluminous and siliccous compounds produced by calcination
of clays, are converted by this reaction with calcium hydroxide into
comparatively stable substances, many of which are cementitious. Other
constituents of pozzolans, particularly zeolites, may play a sccondary
role in the reaction with hydrating portland cement. Through destruction
of the readily dissolved and decomposed calcium hydroxide, the concrete
is rendered less susceptible to leaching or to decomposition by aggressive
waters., Also, becausc the pozzolanic reactions procecd slowly, portland-
pozzolan cement concretes harden slowly, and usually, but not always,
increage progressively in strength and durability for long periods of
time. Those pozzolans which inhibit or prevent cement-aggregate reaction
in concrete do so by combination with the alkalies (NapO and K,0) released
by the hydrating portland cement. The alkalies thus retained by the
pozzolan are unable to attack the aggregate.

As a result of investigations of portland-pozzolan cements at the Bureau
of Reclamation Materials Laboratory in Denver, Colo., the following conclusions
have been made:é@

1. When made with excellent pozzolanic materials, the portland-

pozzolan cements, although their early strengths are less, are
found to produce strengths equal to those of straight portland
cement at the later ages, exhibiting more substantial gain with age.

o

No meterial differences in water reQuirement or conecrete work-
ablility are observed as a general rule for the portland-pozzolan
cements although some slight improvement in water gain or bleeding
is noted .

3. Portland-pozzolan cements show greater tensile strength than the
straight portland cement, with no tendency to show retrogression
in the test for tensile strength as is often exhibited by the
rortland cements.

L. A greater resistance to aggressive alkaline waters is observed
for the portland-pozzolan cements over the portland cements, except
that the resistance of the former approaches that of special
sulphate resisting portland cement.

5. Portlend-pozzolan cements have lower heats of hydretion than
straight portland cements.

62/ Savage, J. L., Special Cements for Mass Concrete: Burecau of Reclamation,
Denver, Colo., 1936, pp. 89-91.
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6. A greater plastic flow is observed for portland-pozzolan coments
than for portland cement.

T+ Portland-pozzolan cements do not oxhibit volume change characteristics
mterially diffcrent from those of portland cements, on wetting or
drying. Under adiabatic curing they arc observed to show shrinkagc
while the portland caments are found to expand.

8. Portland-pozzolan cements show rclatively greater strength develop-
ment in lean concrete mixes than in rich ones.

9+ The thermal coefficient of expansion is slightly greater for
concrete containing portland-pozzolan cements than for concrete
containing straight portland cement.

10. Of 19 groups of materials tested, pumices and diatomites were
found to be the most active classes of pozzolanic materials.

11. Calcination gquite generally improves pozzolanic activity, the
average optimum temperature appearing to be 1,4500 F.

12. Using modified portland cement, an optimum blend of 30 percent by
absolute volume was indicated for a typical pumicite.

The advantages, therefore, in the use of pozzolan in concrete arc enhanced
properties over the properties of straight portland conerete as follows: (1)
greater resistance to aggressive alkaline waters and soils; (2) better work-
ability; (3) less water gain and segregation; (%) lower permeabillty, (5)
reduced expansion owing to reactive aggregate; and (6) less heat generation. A
saving in cost results also from substitution of pozzolanic materizl for rart
of the portland cement.

Materials that have been used as pozzolans may be divided into the fol-
lowing classifications:

1. Volecanic tuffs and pumicites.
2. B8iliceous sedimentary rocks;
a, Diatomaceous earth,
b. Opaline cherts and shales.
3. Calcined clays and shales.
L. Industrial byproducts;
a. Blast-furnace slag,
b. Fly esh.

The first two classifications may or may not requlre calecination for activation
or to enhance theilr pozzolanic properties.

At the beginning of the Bureau of Mincs investigation of nommetallic ,
meterials of comstruction in the Alaska Railroad belt, the Bureau of Reclamation
redquested that deposits of pozzolanic materials be included in the Bureau of
Mines program. The pozzolan was for use in proposed massive concrete dams for
pover development by the Bureau of Reclamation.
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The pumicite deposits in the Katmal National Monument offered the best
chance for developing a source of pozzolan in Alaska that is aceessible to
the Railroed belt., Because the Bureau of Mines program did not include an
investigation of these deposits until 1952, or until after they had been
explored by the Federal Geologlcal Survey, a sample of mine-run pumicite was
secured from the Anchorage Sand & Gravel Co. for submission to the Denver
Materials laboratory of the Bureau of Reclamation for testing. Test pro-
cedures and results follow:63

The sample as received consisted of lumps of rhyolite pumice of
an index of refraction of about 1,48%5. The sample was contaminated
with one fragment of impure metasandstone, .The glass contained
crystals of quartz, feldspar, epidote, etc. ‘

The sample was split into two portions, one part of which was
calcined at 1,4000 F,, the other portion of the sample was not heated.
The raw sample required grinding for 1 hour and 10 minutes in a small
laboratory ball mill to get 91.7 percent passing the No. 325 sieve.
The raw ground sample consisted of 75~ to 80-percent glass. The
balance of the sample was inert minerals, chiefly quartz, feldspar,
and epidote.

The calcined sample required 1 hour and L5 minutes grinding.to
get 92.4 percent passing the No. 325 sieve. The air permeability
surface on the raw material was 5,224 square centimeters per gran,
and was 4,810 square centimeters per gram for the calecined sample.

Time of set tests was made using a 1 to L mix with hydrated lime.
Water necessary to get normal consistency with the rew sample was 38.8
percent and 36.0 percent for the calcined material, Initial set was
obtained in 96 hours for the raw sample and in 36 hours for the
calcined one. Final sets took 120 hours and 8k hours, respectively.

Specific gravity of the raw sample was 2.52 and 2.54 for the
calcined material. Strength specimens were made using 2- by 2-inch
cubes, Cubes were made using a 1 to 2.75 mix with graded Ottawe
sand, but 35 vercent of the cement by volume was replaced with pumice.
Two types of curing were used; (1) standard curing, which was water
curing at 73° F., (2) mass curing, which vas sealed storage at 100° F,
for 28 days and the balance of the time at 73° F. Strengths obtained
are shown in the following table, and the control concrete is shown for
comparative purposes.

Compressive strength 2 by 2 inch (p.s.i.)

Standard curing ’ Mass curing
7 days % |20 days; % 90 days % |7 days ,% 120 days | % 90 days %
RaWeeeao 12401 I3T2,190 | 50| 3,950 |69 2,380 | 4130 76 §,B60 T3
Calcined | 1,430 1;9{ 3, 160 | 631 4,520 $ 791 2,750 |67 L, ,840 87, X, ,980 | 82
Control.! 2 9001 500 ;5,740 u 080! !5, 580 l - 6,080 |

63/ Bureau of Reclamation, Denver Matwax Leboratory report to Juneau field
office, March 13, 1951.
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Pyrex glass bars were made to determine if the material would be
effective in the reduction of expansion which is caused by alkali-
aggregate reaction. Bars vwere made using three replacements of 15,
25, 40 percents by volume. The results obtained follow;

Pyrex-glass-bar data
{Percent reduction)

Toys......... IR IR AL 28 T8 28
Replacement.. , 15 Pes koo 15 025 | 40
Raw sample... -8 | 32 | 53 | 9 | b | 69
Calcined..... . =7 ' 22 | 64 + 10 : 36 | 76

The water requirement was 94 percent for the raw sample and 95
percent on the calcined sample. Shrinkage bars were made using a 1
to 2.75 mortar mix. The raw material had a shrinkage of .069 vecrecent,
and the calcined had o shrinkage of 0.067 percent.

Results of preliminary tests indicate that the pumice would be satisfactory
in strength development but that it is not outstanding. The activity as shown
by the time of set tests 1s satisfactory and is improved greatly by calcination
at l,h—OOO F. Water-requirement tests indicate that a mixture of cement and
pumice would require less water than an equal amount of cement, a desirable
characteristic. The shrinkage also is satisfactory, but the material is inef-
fective in reducing expansion caused by alkali-aggregate reaction. If reactive
aggregate is used to make concrete, this pumice would not provide insurance
against excessive expansions.,

MINFRAL WOOL

Introduction,

Mineral wool is a processed fibrous material resembling loose wool, which is
composed of silicates in the form of fine, glassy fibers. These fine, inter-
laced fibers are made by subjecting a melt of blast-furnace slag (or a similar
melt composed of the necessary mineral constituents) while still molten to a
strong blast of air or steam. Mineral wool produced from blast-furnace slag
is called slag wool. Slag from iron blast furnaces is the material most
commonly used, although copper and lead blast-fummace slag also has been used.
Rock wool is made from naturally occurring rocks, either alone or in the proper
combination.

Mineral wool is used principally as an insulating agent. In the industrial
field, it is used as a protective layer to inhibit radiation losses from heated
surfaces; and, in the building industry, it is used to block the transfer of
heat through the walls and roof of the building unit.

Insulation in Alaska's building-construction program is virtually a must
because of the high thermal differential through a wnit's roof and exterior
walls that is produced by the rigorous climate throughout long periods. Because
of its low heat conductivity, the insulation reduces the transfor of heat units
from one side to the other of the insulating medium. This results in a saving
in the amount of fuel necessary to heat the building unit.
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Mineral wool is fireproof, giving it an added advantage as an insulating
material. Because mineral wool is inert and incombugtible, its use between
the joists and wall studs of a building unit acts as a barrier to the spread
of fire; consequently, an insulated frame building may be classified as slow-
buming.

Mineral wool is marketed in & wvariety of forms, It may be used as loose
wool; 1t may be relled into small pellets and used as granulated wool; or it
may be fabricated into bats and blankets. In new construction, it is most
commonly used in the form of bats and blankets but loose wool also may be used,
To insulate old structures, granulated wool is blown into the spoce between
wall studding and floor jolsts. )

Mineral wool exhibits the lowest heat conductivity of any material except
atill air.é& In measuring the quantity of heat transferred, the British '
thermal wnit (B.t.u.) is used. (ne B.t.u. is the amount of heat necessary to
raise 1 pound of water from 63° to 64° F., The thermal conductivity of a
material 1s the number of B.,t.u. per hour per square foot of material 1 inch
thick that is transferred as a result of temperature gradient of 1° F. The
lower the value of this thermal conductivity of K factor, the better are the
insulating properties of the material, For comparative purposes, the K factors
of a variety of building materials are given in table k2.

TABIE 42. - Thermal conductivity of building meterialsl/

Density, Conductivity,
Material tested i 1b. per cu., ft. K
StI11l 2lreeuuvurenevusocscnrncssassonsassnane ° 0.08 ' 0.16
COTKavvavavsnsearuoasornsnsoosasasssnnsrasenes 8.1 ; 31
Cork'board...-....................-......-.... 5.1*‘ -25
DO erereir et re sttt iee st srnians 1k.0 3h
Insulite (Wood PULP) vevvvereeocvanssoncanases 16.2 34
Celotex (sugar-cane fiber).uiieereescavecensss 13 .2 3k
Expanded vermiculite cueevesvecooceresascesnss 7.0 .38
I 10.0 A8
Floked gyDSUMeseseeseascesonccoosronransoasss 24 .0 A8
ROCK WOOLliatusoranorsnsnanncnsnsasasnassnanne 6.0 26
DOt teevnsarensrssnassnnasssnsssasasssanes ; 10.0 27
Ibo ll..l.."...I’llil‘l0...!......'.!..". :LLL.O l28
o I 18.0 29
Bricks, COMMON..ctvevsrsrvnrsrearcarsssascnes 125 ‘ 5.0
R T BT ) 9.2
820 4L o -5 1 150 : 12.0
Haydite concrete.eereceisveearananarsnnennnes | 80 ‘ 3.0
DOt teieiein it tactatrreniatacarsraernnes | 110 - 4.0

1/ Chemical Rubber Publishing Co. Handbook of Chemistry and Physicss 18th ed,,
1933, pp. 1194-1195. ‘ :
Kidder-Parker, Architects' and Builders' Handbook; John Wiley & Sons, Inc.,
18th. ed., 1949, p. 157k, :

64/ Batemen, Alan M., Roonomic Minorel Deposita: Joln Wiley & Sons, Inc.,
New York, N. Y., 2d ed., 1950, p. 729

518% - 8k -




Mineral Composition Necessary to Produce Mineral Wool

Four major components are required to produce a melt from which rock wool
may be blown. These components are silica, alumine, lime, and magnesia. Varia-
tion in the porcentages of these components is great, but in practice they are
usually within the following limitsz Silica, 35 to 50 percent; alumina (3203),
5 to 20 percent; lime, 20 to 40 percent; ond mognesiz, 5 to 20 percent. Miscel-
laneous oxides that may be present as impurities are Pep03, MnO, BaO, TiOp,
Nap0, Ep0, and 8 compounds .

In practice, virtuanlly all of the rock wool is made from naturally occur-
ring rocks of the proper consistency. The Illinois State Geological Survey has
- published the results of an intensive investigotion of the mineral-wool resources

ofIlJinoisfi_/r This reporté_ includes the laboratory results of experimental
Production of rock wool from naturally occurring wool rocks and also from
combinations of other rock formations. As a result of the cxperimental work,
Dr. Dryling found that determination of the carbon dioxide comtent of rocks
afforded a simple and satisfactory means of obtaining o preliminary evaluation
of the rock-wool possibilities of o given rock sample. All rock samples
containing 20 to 30 percent CO> yielded rock wool in the experimentnl blowing
tests,

A rapid method for determining the CO» content within allowablc limits
was devised by Fryling ns followss A l-gram semple of dried, pulverized rock
is weighed into a2 porcelain crucible and heated at 400° ¢. for 1 hour to remove
moisture. After being cooled in a desiccator, thc sample is weighed, The
sample is then heated for 1 hour at 1,000° C., cooled in 2 desiccator, ond again
weighed. The difference in welght closely approximates the COp content.

Work by Bureau of Mines

All samples taken by the Bureau of Mines during the investigation of non-
metallic sources of building materials in the rail belt werc submitted for
chemical analyses. Though no naturally occurring wool rock (rock of the proper
composition for the production of rock wool) was revealed by the mnalyscs,
rocks containing the necessary components were loecoted in three arecs. These
arceas and rock components are as followss

Area Rock
Anchorage Potter limestone,
- graywacke, or argillite.
Cantwell-Windy Windy limestone, shale.
West Fork of the
Chulitna River Limegtone, argillite.
Homer-Seldovia Seldovia limestone,
Homer clay.

65/ lamar, J. E., Willmen, H. B., Fryling, C. F., and Voskuil, W. H., Kook Wool
from I1linois Mineral Resources:; Illinois State Geol. Survey Bull. 61,
193k, 262 pp.

66/ Work cited in footnote 62, pp. 159-20k.
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Bulk samples of these formations were to be taken and submitted for testing
for production of mineral wool during the 1951 field season.

CEMENT

Cement is the principal ingredient of concrete, ome of the most commonly
used construction materials of moderm civilization. A cement plant located
within the Alaska Railroad belt is desirable for seversl reascns. One of these
is the possibility of lowering construction costs by using locally manufactured
cement . Local manufacture would reduce transportation charges and thereby
reduce costs to the consumer unless offset by higher msnufacturing costs, A
local cement industry, with its permanent installation and employment, would
assist in stablizing the economy of the Railrcad belt area. Another considera-
tion is the assurance of a local supply of cement for national-defense Drojects,
if imports are interrupted during any future emergency.

Cement has been known since the days of the Romans, who used pozzolan
cement in building large structures, many of which are still standing. This
cement was a mixture of quicklime and a volcanic ash from PuzzZuoli, Italy--the
first known use of a pozzolanic material in concrete.

Natural hydraulic cement, a cement that sets under water, was first made
in England in 1756 by John Smeaton. Natural cement is produced by calcination
of argillaceocus limestone to drive off the carbon dioxide at a temperature
below the fusion point. Most of the early cements made in America were natural
cements . Raw material for natural cement usually consists of an impure high-
magnesium limestone.,

The variable composition of the raw material for natural ccment resulted
in cements of different physical characteristics. This variability has led to
replacenment of natural cements by the more-uniform and stronger Portland cements.
No chemical specifications, except e meximum allowable ignition loss of 12
percent and a minimum insoluble residue of 2 percent,éz have been established

for natural cement. The burned material should be ground so that 90 percent
will pass through a 100-mesh screen.

Natural cements, which are e7ployed extensively in brick-laying mortars,
aye not desirable for concrete.éﬁ

Portland cement was invented by Joseph Aspdin of Fngland in 182L4; it was

80 named because of the close resemblance of the set cement to the Portland
limestone. It is made by buming to a clinker a finely ground, intimately
mixed, feed composed of calcereous and argillaceous materials in the proper
Proportion to have the following approximate composition: T0-75 percent CaC03 ;
15-2% percent combined 5105, A1203, and FeEOB; and 5 percent combined MgO,
alkalies, and other impurities. After cooling, the clinker is ground to a
fineness of at least 78«percent minus-200-mesh.
67/ Work cited in footnote 19, p. ik, 7T
EE/ Kidder, F. E., and Parker, Harry, Kidder-Parker Architects' and Builders'

Handbook:; John Wiley & Sons, Inc., New York, N. Y., 1931, p. 1109.
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Finished port d cement of good guality is usually within the following
chemical limits.

Range of composition of portland cement

Limits, |Average Limits, 'Average

Component' percent percent || Component | percent Ipercent
Sigp 20-2k 22.0 Ca0 60-64,5 ; 62.0
Fer03 I 2.5 Mg0 1-5 2.5

A0y | 5 9 L 7.5 I S0 12 | 175

The American Society of Testing Meaterlals has set specificationszg/'for
the five types of FPortland cement (A.S.T.M. C 150-49) as follows:

Type I. For use in general concrete construction when the special
properties specified for types II, III, IV, and V are not required,

Type II. For use in general concrete construction exposed to moderate
sulfate action, or where moderate heat of hydration is required.

Type III. For use when high early strength is required,
Type IV. For use when a low heat of hydration is required.
Type V. For use when high sulfate resistence is required.

The A.S.T'.M. specifications for chemical composition of each of the above
five types of Tortland cement are given in table 43,

TARLE 43, - A.S..M. Chemical requirements for portland cement, in percent

Type| Type | Type [Type Type

Constituent I | II IIT | IV Vv
Silicon dioxide (S10p2), minimum.esesssecsses - 21.0 - - -
Aluminum oxide (Al203), mAXIMUM.sieceevsares - 6.0 ! - - | (1)
Ferric oxide (Fe203), maximim...veeiecesesss - (6,0 - |65 (1)
Nﬂgnes:i.um oxide (MgO), DEXiMMIMesveoveosvranes 0 5.0 0 5-0 1#-0
Sulfur trioxide (S03), MAXiMUM..iveiesassessf2/2.0 2.0 :3/2.5 1 2.0 2.0
Ioss on ignition, maximiMeseseecsecssessessee| 3.0 3.0 . 3.0 2.3} 3.0
Insoluble residue, maximiMesssveeessessoscns >R I £ T B () I} Y
Tricalcium silicate (3Ca0-8102), maximum.... - |50 b~ 135 50
Dicalcium silicate (2Ca0-5i02), minimum..... - . .= 140 -
Tricalcium aluminate (3Ca0'Al203), maximum.. - .8 15 7

1/ The tricalcium aluminate shall not exceed 5 percent, and the tetracalclum
aluminoferrite (4Ca0.A1203.Fep03) plus twice the amount of tricalcium
aluminate shall not exceed 20 percent.

2/ The maximum limit for sulfur trioxide content of type I cement shall be
2,5 percent when the tricalcium aluminate content is over 8 percent.

3/ The maximum limit for sulfur trioxide content of type III cement shall be
3.0 percent when the tricalcium aluminate content is over § percent.

69/ Furnas, C. C., Rogers' Industrial Chemistry: D. Van Nostrand Co., Inc.
New York 6th ed., vol. 1, 19k2, p. 856.
19/ Work c1ted in footnote 19, pp. l- 4.
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Federal specifications state, in addition, thet when a low-alkali cement
is required, the maximum alkeli content is 0.6 percent. Total 2lkali is
ecalculated as the percent Naeo plus 0.658 percent of the K20 present .

Portland cements are specified for used in concrete for construction in
Alaska by the following agencles:

Federal Housing Administration (FHA form 2383, 405-a- l)
Alaska Tublic Works,

Alaske Heusing Authority (FHA form 2383, L05-A-1).
Alaska Road Commission.

Corps of Enginecers, U, S. Arny, Alaska District.

Civil Aeronautics Administration.

Magnesia (MgQ) is one of the undesireble components of portland cement. The
maximm allowable magnesia content in the finished cement is 5.0 percent.
Because the magnesia content of the raw materials, limcstonc end shale, is
incressed in the cement in proporticn to the amount of carbon dioxide and
organic matter driven off during calcination, the MgO content of any of the
constitutents should not exceed 3.3 porcent. %l

The specifications for raw materials for portland cement are interrelated
through calculations from annlyses of the materials available; they ray be
derived through calculation of a theoretical cement having the required specirfi-
cations minus-l-percent magnesia allowance for fluctuations in mix. In all
cement calculations for a2 plant in the Railroad belt, analyses of ash from the
Healy coal and of shale from the area adjocent to the limestone deposits in
the Windy-Foggy Pass area were used. Thus, although the allowable mrgnesin
content of the limestone theoretically is 3 .3 percent, the presence of magncesia
in the shale and conl ash available for use requires roduction of permissible
magnesia in the limestone to an average of 2.6 percent, with no individunl mix
in excess of 3.2 percent.

Invostigations of only the two major components of portland cement, lime-
stone and shale, are described in this report.

Iimestone
Introduction

The problen of o supply of lower-cost cement has been on integral part of
the Pureau of Mines and Geological Survey investigation of comstruction mw
raterials in the Railroad belt as a part of the Department of theé Interior
Prograrm of development for Alaska,

The Alaskn Railroad also was vitally interested in cstablishing a cement
plant and other local industries within the sphere of its transportation facili-

ties and employed G. Reed Salisbury in 1948 to make an econormic survey of poten-~
tial markets for cement in the Roilroad belt.

T1/ Work cited in footnote 67, p. 857.
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Figure 35. - Map of Windy Creek limestone area.




Semples of limestone deposits and other nonmetallic minerals in the Rail-
road belt were first taken by G. A. Waring of the Geological Survey in 1931.72
In 1947, a more detailed examination of the Windy limestone deposit was under-
taken by E. H. Cobb of the Federal Geological Survey. Information about Cobb's
examination was made available to Covernment agencies in an unpublished report
dated August 1948. The Windy limestone occurrence was the deposit recommended
by the Geological Survey to the Bureau of Mines for investigation as the best
possible source of limestone of the quality required for a cement plant.

Field investigations of limestone deposits in the Railroad belt were begun
by the Bureau of Mines in September 1948.

In 1949, the Bureau of Reclamation, acting on instructions from former
Assistant Secretary of the Interior Warne, assigned Maj., S. E. Hutton to the
Railrcad belt to prepare a survey of the cement supply problems and formulate
chemical specifications of raw materials required for a cement plant .[3

Field investigations by the Bureau of Mincs have been made of the Windy
limestone deposit, adjacent deposits in the Windy area, the Devonian limestone
on the West Fork of Windy River near Foggy FPass, limestone deposits in the West
Fork of the chulitna River area, thc Fox limestone, the Castle Mountain lime-
stone, and a limestone deposit near Beldovia, Alaska. Additional investigations
of the Foggy Pass deposit and of a limestone occurrence near Potter, Alaska,
are in progress.

A description of each of the deposits investigatcd by the Pureau of Mines
follows«

Windy Limestone Deposit

Location and Accessibility

The Windy limestone deposit is on tho southern slope of the Alaska Range
in the southeastern corner of Mount McKinley National Park. It is situated at
63° 26" L5'! north latitude and 148° 57' west longitude, as shown in figure 5.
The limestone cutcrops between altitudes of 2,600 and 3,200 feet.,

The lower oubcrop of the Windy limestone deposit are slightly over 1 mile
northwest of mile 323.1 on the Alaska Railrocad. as shown in figure 35. The
track clevation at mile 323.1 is approximately 2,130 feet. If a branch line
to the deposit is built, it probably would leave the railroad in the vicinity of
mile 322, A spur line lecaving the railroad at mile 322 would being above 2,130
feet. The greator altitude, and the greater length required, would permit a
botter grade for o rail linc to the deposit.

727 Waring, G. A., Nonmetallifcrous Doposits in +the Alaska Raiiroad Belt:

- Geol. Survey Circ. 18, 1947, 10 pp.

Zﬁ/ Hutton, 5. E., A Report on Investigations and Conclusions with respect
to Cement-Supply Problems of Central Alaskn: Bureau of Reclamation,
1950, 48 pp.
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Mile 323.1 on the Alsska Railrocad is 323.1 miles by rail from Seward,
Alaska; 208.8 miles from Anchorage, Alaska; and 147.2 miles from Fgirbanks,
Alaska. Tt is 37 to 40 miles from the principal coal deposits of the Healy
Valley.

A small airplane landing strip is at Cantwell, 4 miles from the limestone
deposit, This landing strip, adjacent to and paralleling the Alaska Railrocad
tracks, is suitable for only small, bush-type airplanes. At Summit, on the
Alaska Railroad, the Civil Aercnautic Administration maintains an airfield,
which is used by the Alaska Airlines on its route between Fairbanks and
Anchorage. Summit is approximately 12 miles by rail from mile 323.

The route of a survey for e proposed road from the vicinity of Paxton,
Alaska, on the Rlichardson Highway, to Mount McKinley National Park, passes
within a few miles of the Windy limestone deposit.

Physical Features and Climate

From the Alaska Railroad at mile 323, the ground rises sharply for about
100 feet, then breaks into a gently sloping, brush-covered terrace, which
extends for 1 mile toward the Windy limestone deposit. A scrub-spruce-covered
slope of increasing gradient rises from the terrace to the base of the deposit.

The limestone outcrops rise eabruptly like islands in bare or brush- and
moss-covered talus slopes from an altitude of 2,600 feet to an altitude of
3,200 feet. At the crest of the limestone, another gradual, tundra-covered
slope intervenes before a final sharp rise to a summit more than 5,000 feet
above sea level, Beyond this summit are barren ranges of greater altitude.

At an altitude of 2,500 feet, a short distance below the limestone outcrops,
a series of springs discharge a moderate flow of water. ILittle Windy Creek
skirts the edge of the limestone slightly more than l/h mile west of the deposit.

Sub-zero temperatures can be expected in this area from November through
April, Treezing temperatures sometimes occur in every month of the year; the
annual mean temperature is approximately 28° F. The maximum low temperature
recorded in the reports available for 1947 was -48° ¥.; the meximum high tempera-
ture was 80° ¥,

Precipitation during 1947 totaled 14.6 inches. The snowfall was T1 inches.

History, Production, and Ownership

Samples of limestone in the Windy area were tirst taken in 1931 by G. E.
Waring of the Geological SBurvey, who sampled the limestone outcrops on Rain
Creek above Windy Station on the Alasks Railroad. The Windy limestone deposit
near mile 323.1 was examined in 1948 by E. H, Cobb, geologist, Geological
Survey. Cobb's examination was followed, in September 1948, by a sampling
and diamond~-drilling program by the Bureau of Mines.

Early in October 1948, Kroenung, as agent for A. E. Beaudin of Anchorage,
Alaska, staked five placer claims covering the greater part of the Windy lime-
stone deposit. These claims were surveyed in July 1949,
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In July 1949 the Bureau of Mines signed an exploration agreement with the
Northern Empire Development Co., the present holders of the above-mentioned
claims.

Diamond drilling of the Windy limestone deposit by the Bureau of Mines
was completed in September 1950.

No production froam this deposit has been made,

General Geology

The following is quoted from an unpublished report.l&/ In this quota-
tion, the Windy limestone deposit is referred to as limestone body No. 1.

The area bounded by the ridge north of Bain Creek, by Little Windy
Creek, and by the Alaska Railromd is underlain by clastic sedimentary
rocks, chert, limestone, and greenstone. In most places south of Bain
Creek bedrock 1s exposed only on steep slopes and in the sides of the
gully of Little Windy Creek. Except for bedrock exposures, the surface
is talus, glacial gravels, soil, travertine near the Alaska Rallroad at
148° sht west longitude, and soma miskeg at the foot of the slope on
which Iimestone Body No. 1 is exposed. Clastic sedimentary rocks in
the area are conglomerate, argillite of various colors, medium-grained
sandstone somewhat limy In places, and some shale and slaty shale.

The limestones of the ares are dense gray rocks shot with small
calcite veinlets. The bodies north of Bain (Creek and at the west and
east ends of the ridge south of Bain Creek are somewhat cherty and
carry brachiopod fragments. All other bodies appear to be non-cherty
and have yielded no recognizeble fossils. The limestone 1s so massive
that only rarely cen bedding be determined accurately.

The trace of a large fault which has been found at intervals from
Muldrow Glacier northeast of Mt. McKinley to Mt. Deborah passes through
this area near the base of the slope on which llmestone Body No. 1 is
exposed, and probably is marked by a muskeg-filled trench and springs
depositing travertine near 148° 54' west longitude.

Within the mapped area (fig. 35), the rocks north of the foot of
the slope on which Iimestone Body No. 1 is exposed are certainly
Paleozolc and possibly Devonian in age. The rocks exposed in the
lower part of the gully occupied by ﬁﬁttle Windy Creek have been
assigned to the Mesozoic by Capps.(d

Description of Deposit

The exposed length of the Windy limestone deposit 1s approximately 2,400
feet . An apparently narrower tongue of limestone extends throughout an addition-
al strike length of 1,000 feet to the west, A diamond«drill hole begun on the

T4/ Caobb, “E. H., Limestone in the Windy Creek Area, AlaSka: GEOL. SUrvey.
(unpubllshed)
75/ Work cited in footnote 2.
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lowest outcrop at an altitude of 2,665 feet penetrated limestome for 629 feet
before entering a quartzite footwall bed at an altitude of 2,340 feet. The
honging~wall side of the deposit probably lies under considerable cover near
the base of a steep slope. A stratigraphic thickness of 800 feet has been
estimated for the deposit by the geolOgist.Zé A major fault with an assumed
trend of N. 79° E. and a southerly dip is inferred, from geologic interpreta-
tion, to be the hanging wall of the limestone beds.

The quartzite-limestone contact aleng the footwall grikes N. 67° E. and
dips 60° to 70° southward. The altitude wos determined by two diamond-drill
holes and by contact points on the surface. The quartzite bed was assumed,
because of gradational changes indicated by analyses and microscopic¢ study, to
be conformable with the limestcne bed,

Study of the drill core and drill recoxrds substantiates the geological
interpretation of faulting in and adjacent to the limestone. In places cmlcite
which evidently recements openings made by fracturing, comprises 5 to 25 percent
of the rock, Much of the limestone drilled contains fractures that have not
been recemented.

The surface contact along the footwall (see fig. 36), together with the
strike of the beds as determined by the contact intercepted in diamond-drill
holes 4 and 8, indicates two probable lines of step faulting. Neither the
amount of throw in the step faulting nor the exact position of the faults is
known, but the complex geologic conditions largely eliminate, as a source of
limestone, the area from the gully through to the section cut by hole 7.

The diamond«drill holes were directed at an angle approximately normal
to the footwall strike and dip. Samples representing each 5-foot interval of
the core were taken where possible. A study of the analyses of these core
samples by grephic and tabular methods appeared to indicate parallelism of beds
from drill section 8 to drill section k.

A fajrly low magnesia limestone with a thickness of approximately 100 fect
was encountered deep in holes k and 8, which were drilled during 1949. This
limestone was separated from the quartzite footwall by a 30-foot thickness of
highly siliceous limestone. Diamond-drill holes 9, 10, 11, and 12 were drilled
during the 1950 field scason to delimit in more detail this bed of low-rngnesia
limestone, The results of the analyses from these holes prove that the bed is
continuous but is not as uniform or regular as had been indicated. Changes in
the mognesia content of the limestone along both the strike and dip of the bed
betwen holes are indicated. Although the average of the analyses of the core
samples representing the low mngnesin bed is within the limits required for
portland cement, sections with higher magnesia content are present; therefore,
careful mining, thorough mixing when stockpiling, and close control would be
necessary to insure an uniform limestone product.

Hole 6, drilled in the castern part of the limestone, encountered fa?rly
low magnesie limestone throughout the first 225 feet. The average magnesia
content of the core was 2.12 percent, but magnesia analyses cmsiderably above
the allowable limits werc obtained from two scctions of the hole. Nevertheless,
the magnesia content was more uniform than in the other holes. However, the

76/ Dr. Robert Fellow, Geological Survey .
5103 - 9k -




148" 57 30”

148° 57" 00"

148" 56 30
< , s
d(: 1 10 .
e ———— 3 2 Y LS ot
—’b ~"\\TRA"_ é\\ﬂao N \l W ! ?OQ’/ °
c\ <L ] O o= &
WO S~ ~_—~— \ I [ /3
< L .
Gy~ 3100 hY 407
T T T =
C
-9 7 N |
) -8 Q, ‘S T - / O/ir
< QO ~ N g < 21© =
; = >l gl - / o
- g vy —= () T &
& — g U I
eof  E 3000 287 o
- i »
\_j:?_ - N\ y, ¢
/ B 2900 N DA — 12 o e d o
% / LIMESTONE /- . k] - e~ 25
< PINNALC \ ' : &
— . ) )
N . —_—— =
A EJ = \\
b 3
N '
~ — o] 6§
— —%}_’/ g
N 2100
~
LIMESTCNE LEGEND
% MAGNESIA % SILICA
HGH  LOW  AVG. WIGH  LOW  AVG.
% 49 0T 22 80O 6.1 19.48
LEGEND SCALE IN FEET
LINE OF SECTION @ 75 0.3 .98 995 03 | 98 9 206 400
O———=—<  DIAMOND DRILL HOLE 86 05 4.5 €63 0.5 .46
_____ CAT  TRAR 3 1715 04  8.76 39 o1 o097
@ 435 03 1.9 37 04 136
iN_COQPERATIQN WITH THE 1S GS

Figure 36. - Geologic map of Windy Creek limestone.
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Figure 37. - Geologic sections, Windy Creek limestone.




SECTION 7-—-T7'

SECTION 6—6'

3100

3000

2900

2800

2700

2600

2500

2400

SCALE IN FEET

Q200 400
100 300 500
LIMESTONE LEGEND
% MAGNESIA % SILICA % MAGNESIA % SILICA
HIGH LOW  AVG. HIGH LOW  AVG. HIGH  LOW  AVG. HIGH LOW  AVG.

% T.15 .85 2.12 295 .35 3.26
% T.85 1.8 421 £5 0.3 .12

E 345 30 594 20 06 L

@ 245 07 1.86 32 0 170

% a5 13 2.9 3.8 104 121

Figure 38. - Geologic sections, Windy Creek limestone.

MARCH, 1850




10 —10'

SECTION

32¢0

3100

2300

2800

2700

2600

2500

24C0

g—9'

SECTION

3200

3i1c0

3000

2900
zZ800

2700

2500

|
IN FEET

SCALE

400

200

2

500

300

10C

LEGEND
% SILICA

LIMESTONE
MAGNESIA

LEGEND
% SILICA

LIMESTONE
% MAGNESIA

%

LOW  AVG.

HIGH

W Ave.

Lo

HIGH

LOW  AVG.

LOW  AVE.

HIGH

o
3 8 ©
[ I VI
n ¢ @
a g ©

o
m N
w w W
w o &k
~ wm M
- o @
~ @ N
o o
o o &
P )
-] [ ]
ﬂ‘v‘rO’
¢ ¢ = = -

-

2254”

¢ m © ©

o w m» 9 N

g o w ©m »

®

o ®m =

N & e n 2

o & ™m v

7754..3

OQOOO

9309.u

¢ bW & o

=G
5
===
e
p=

MAY

Figure 39. - Geologic sections, Windy Creek limestone.




' [} —_— &
SECTION =11 SECTION 12 12
3400 3400
3300 / 3300
3200 ~—— 3200
~F
<
3100 N -~ 3100
S D.H.g
W P »
3000 L 3000
/n ,,gl N w A
2300 / VL4 13 7 2900
b d
>
2800 L] !, 2800
2700 : 2700
2600 I 2600

SCALE IN FEET
200 400

100 300 500
LIMESTONE LEGEND LIMESTONE LEGEND
% MAGNESIA % SILICA % MAGNESIA % SiLICa
MIGH LOW  AVG. MIGH LOW  AVG, HIGH LOW  AVG. HIGH LOW  AVG.

@ a4 03 114 53 06 3 38 55 03 164 54 06 217
@ 86 1.8 4.67 s 04 142

E e 41 &4 39 04 )54 104 67 896 3.0 03 0.8
= MAY 1951

Figure 40. - Geologic sections, Windy Creek limestone.




silica content increased and became more erratic than the magnesis content.
The position of this hole near the eastern end of the exposed limestone and
the fact that a carbonaceous shale was penetrated from o depth of 235 feet

to 263 feet suggest that the limestone beds sre grading into shale east of

this hole,

Pigures 37, 38, 39, and 40 are diagrammatical sections through the dia-
mond-drill holes. Surface exposures are too limited to allow correlaticn of
surface samples with those of the drill holes; consequently, the average
analyses indicated by the drill-hole samples have been projected to the
surface on all drill sections. In preraring the geologic map (fig. 36),
the most weight was given to the analyses projected from the upper drill
holes,

The limestcnes shown by symbols in the drill sections (figs. 37, 38, 39,
and 40) and cn the geologic map (fig. 36) have been classified on the basis
of their content of magnesia and silica into the following five general
rlusses ;

. Low magnesia-high silica,

. low nmagnesia-low silica (footwall sectbion).
« Medium magnesia-low silica.

. High magnesia~low sillinra,

. Low magnesia-low silica,

P Ly RO R

Geologic logs of all diamond-drill holes are given in table Lk, A
camparison of the geologic logs and the analyses of core samples, table 45,
demonstrates that no visual differentiation can be made between limestones
of different magnesia content.

The results of the exploratory drilling to date have shown that the
chemical variations in this limestone deposit are very great end that grades
change at very short intervals.

TABLE 44, - Geclogic logs of diamond-drill holes, Windy
limestone deposit

Log of Bureau of Mines diamond-drill holes
(Logged by W. 8. Twenhofel, Federal Geological Survey)

Drill hole 1: Bearing N. 17° W., inclination horizomtal, total depth 35
feet, No drill cores avallable.

Drill hole 2: Bearing N, 25° W,, inclination horizontael, total depth 75
feet, No drill cores available.

Drill hole 3: Brecciated, fine-grained, black limestone with a Ffew white
C-63 T.D. caleite veinlets.

Bearing N. 25° W., inclination -30°,

Drill mole 4: Bearing N. 30° W., inclination -31°,
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Pootage

0

55

350
355

408

490
510
546
547

640
645
648

650
5103

- 55

- 320

- 355
- 408

490

- 510
- 546
- 547
- 605

- 610
- 615
- 629

- 640

- 645
- 648
- 650
- 658

Black, brecciated, fine-grained, crystalline limestone cut
by a network of white, coarsely crystalline, calcite veinlets
about 1/8 to 1/4 inch wide. No orientation of veinlets.

Some brownish clay-like material that probably represents
insoluble residue from leaching of limestone.

Dense, fine-grainod, unbrecciated, black limestone with only
a very few calcite veinlets. No calcite veinlets present
because limestone is not brecciat;d. Brown shaly partings
from 270 to 277 feet. !

Massive, unbrecclated, gray limestone.

Brecciated, gray limestone cut by white calcite veinlets.
Veinlets comprise 5-10 percent of rock. A few zones with
brownish, claylike residue.

Fine-grained, black limestone with a few groy shale partings.
A very few white calcite veinlets and a few zones of brownish,
claylike residue in limestone.

Brecciated, blue-gray limestone cut by white calcite stringers.
Unbrecciated, black, fine-grained limestone.

Pure-white, crystalline limestone.

Unbrecciated, black, fine-grained limestone, with a very few
white caleite stringers. Shale partings perpendicular to
direction of drill core. These may rcepresent bedding.
Fine-grained, sandy, gray limestone.

Fine-grained black limestone.

Brecciated, fine-grained, black limestone cut by white calcite
stringers.

Schistose green tuff. Schistosity perpondicular to core.
Miscroscopic examination of this material by Harold L. Gibbs,
Metallurgical Division of the Bureau of Mines at Salt Lake
City shows it to be two-thirds quartz and one-third calcite,
interspersed with fine sericite mica and a few scattered
cubes of pyrite. Part of calecite occurs as bands crossing
the sample, and part is intergrown with gquartz.

Schistose purple tuff)
)

Schistose green tuff )

) Cut by seams of calcite and quartz.

Schistose purple tuff)

Schistosc green tuff )
- 9 -




Drill hole 6: Bearing N. 15° W., inclination -48°.

Footage
0~ 3 Brecciated, fine-grained, blue-groy limestone.
3 - 110 Brecciated, finec-grained, black limestone, cut by white
ealeito veinlets ceomprising about 5 percent of the rock.
Prominent brownish, claylike residue from 20 to 25 fect.
11¢ - 139 Same as above, with much brownish, claylike residue.
139 - 140 Black slaty limestae, with cleavage parallel to the drill
core .
i 140 - 165 Brecciated, fine-grained, black limestone.
165 - 168 Unbrecciated, fine-grained, gray limestone.
168 - 235 Brecciated, fine-grained, black limestone, with a crude
schistosity parallel to the drill core.
235 ~ 264 Black shale. Very soft; recovery consists of only fine,
black-shale fragments.
6L - 265 Brecciated, black limestone, with shale partings perpendicular

to the drill core.

Drill hole 7: Bearing N. 15° W., inclination =300,

Footage
0 - 52.5 Brecciated, fine-grained, black limestone cut by white
calcite veinlets less than l/h inch wide. Calcite veinlets
comprisc 5-10 percent of core.
52 .5~ 5 Purc-white, crystallince limestone.
55 - 81 Brecciated, fine-grained, bluc-gray limestone, cut by white
calecite veinlets.
»
81 - 100 Unbrecciated, fine-grained, blue-gray limestonc.
’ 100 - 110 Brecciated, fine-grained, black limestome, cut by a fow
veinlets of white calcite.
110 - 115 Breceiated, fine-grained, blue-gray limestonc, with a few
bands of whitc limestone.
115 - 1k0 Tmbreceiated, fine-grained, black limestone.
10 - 150 Brecciated, finc-grained, blue-gray limcstone, with about
5 pereent white caleite veinlets.
150 - 200 Brecciated, fine-grained, black limestonc cut by white calcite

veinlets.
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Drill hole 8; Bearing N. 25° W., inclination -30©.

Footage

0 - 38 Broceiated, Tine-grained, blue-gray limcstone cut by
irregular white calcite veinlets less than 1/4 inch wide.
A Tow zones of claylike residuc in the limestone.

38 - 77 Black, fine-grained, unbrecciated limestone with a very few
veinlets of white calcite,

77 - 165 Breeciated, fine-grained, bluc-gray limestone with brownish,
claylike residue along fractures. White calcite veinlets
comprisc about 10 percent of core.

165 - 318 Unbrecciated, fine-grained, black limestong, wifh a very few
calcite stringers. A few shale partings perpendicular to
the core,

318 - 395 Unbrecciated, fine-grained, very black limestone, with a few
white-caleite stringers. Well-developed shale partings
perpendicular to the core.

395 - 416 Purple and greoen schistose chloritic tuff.

(Logged by J. J. Mulligen, Bureau of Mines)
Drill hole 9; Bearing N. 30° W., inclination -25°, total depth 635 feet.

Footage

0 - 114 Brecciated, fine-grained, dark-gray limestone, with numerous
unoriented veinlets filled with coarscly crystaline caleite.
Veinlets vary in size from almost invisible up to 1/4 inch
across. Entire mass is broken by numerous fractures, with
no discoverable oriantation. A brownish, claylike materinl
is present along most fracture surfaces. This is probably a
product of the decomposition of limestone above.

114 - 188 Breceiated fine-grained black limestone. Caleite veinlets
are present but not duite as numerous. Grayish-brown, claylike
mterial is present along fracture surfaces.

188 - 204 Brecciated, dark-gray, fine-grained limestone, with calcite
veinlets very numerous. Calclte mnkes up about 10 percont of
total volume, The yellowish-brown, claylike materinl is present
only at irregular interwvals.

204 - 211 DBrk-gray, brecciatced, finc-grained limestone with a fow

calcite veinlets, A smnll amount of brownish, claylike
material occurs along fracture surfaces.,
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Footage

211 - 228
228 - 470
k70 - 493
493 - Lo5
495 - 530
530 - 552
552 - 555
555 - 568
568 - 570
570 - 590
590 - 603
603 - 615
615 - 623
623 - 625
625 - 628
628 ~ 630
630 - 635
5103

Gray limestone, brecciated and cut by a few calcite veinlets.
The limestone shows evidence of weathering and in places is
stained yellowish brown. A small amount of gray-brown

shale is present also.

Medium- to dark-gray limestone cut by an irrcgular and
unoricented network of calcite veinlets. Calcite mokes about
5 percent or less of the totcl volume. Veinlets range from
almost invisible to l/h inch across. Some yellowish-brown
stain occurs aleng frocture surfaces.

Dark-gray to black limestone,trecclated but well-cemented
with calcite vein fillings. Calcite forms about 20 percent
of total volumec.

Coarsely granuler, white limestonc.

Well-consolidated, dark-gray, brecciated limestonc. Calcite
veinlets are numerous but small. There are o few smll
partings of limy shale.

Gray brecciated limestone, with some calcite veinlets and
some brownish, claylike material along fractures.

Finc-grained, gray sandstone.

nrk-groy limestone, with a moderate number of irregular
calcite veinlets.

Fine-grained gray quartzitec.

Black silicified limestone.

Black shale interspersed with silicified, black limcstone.
Black shale.

Iight-gray limestone.

Gray, silicified conéolidated tuff.

Green, silicified consolidanted tuff.

Purple, silicified consolidated tuff.

Gray~greenvand purple silicified tuff.




Drill hole 10; Bearing N. 13° W., inclination -20°, total depth 219 feet.

Footage
0 - 58 Fine-grained, brecciated, Wack limestone, with numerous

unoriented veinlets of coarsely crystaline calcite.
Veinlets vary in width from almost invisible to l/h inch
across. Numerous fractures, also unoriented, occur at
irregular intervals. Some yellow-brown, earthy meterial
is found on most fracture surfaces. ‘

58 -« 60 Limestone as above but cut by some highly siliceous,
irregular bands.

60 - 61 Yellow-brown, plastic, earthy gouge, probably a residue from
decomposition of limestone.

61 - 97 Black limestone, brecciated and fractured similar in all
respects to’that occuring from 0 - 58 feet.

97 - 119 Dark-gray limestone, with a slightly larger number of calcite-
filled veinlets.

119 - 196 Brecclated black limestone similar to that found between
0 and 58 feet, but (although calcite veinlets are no more
numerous) broken by more numerous fractures along which
yellow.brown, earthy material occurs. There are o few
scattered narrow shale partings below 180 feet. These are
approximntely perpendicular to the drill hole.

196 - 199 Black, silicified limestone intermixed with sandstone.

199 - 208 Poorly consolidated shnles and scndstones, from which little
core can be recovered. :

208 - 219 Poorly conscolidated shales and sandstone, with noduler

quartz inclusions.

Drill hole 11; Beering N. 8° W., inclination -25°, total depth 295 feet.

Footoge

0 - 228 Black, fine-greined, brecciated limestone, cut by numerous
small veinlets of coarsely crystaline calcite. Veinlets
show no orientation, are irregular in shape, and vary from
hairline to about 1/4 inch across. Entire mass is cut by
numerous wioriented and irregular fractures. These fractures
usually contain a yellowish-brown, earthy deposit. Near the
surface a few fractures show the surfaces encrusted with
nodules of calcite.
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Footage

228 - 240 Black limestone as described above, but with more evidences
of weathering and with a large amount of yellow-brown, earthy
residue depositcd in cracks.

240 - 270 Black, fine-grained 1imest6ne showing laminations perpendic-
ular to the drill hole. Very little calcite present.

270 - 284 Black, finc-grained limestone, with irregular laminations
rerpendicular to the drill hole. Little calcite is present,
but there is considerable evidence of weathering.

284 - 295 Siliceous, green, consolidated tuff cut by veins and nodules
of quartz.

Drill hole 12: Bearing N. 8° W., inclination -25°, total depth 250 feet.

Footage

0 - 141.5 Dark-gray, fine-grained, brecciated limestonc, with numcrous
small, irregular, unoriented veinlets of coarsely crystaline
calcite. Veinlets vary in thickness from hairline to about
1/4 inch across. The mass is broken by numerous unoricnted
fracturcs filled with an earthy, yellow-brown deposit.

1.5 - 173.0 Black, fine-grained, brececiated limestone, with a large
amount of calcite in unoriented veinlets and mumerous fractures

filled with a yellow-brown, carthy deposit.

173.5 large scam, filled with brownish-yellow, plastic, claylike
mterial.

173.0

173.5 - 195.0 Dark-gray, brecciated, fine-grained limestone, with fewer
calcite veinlets and more-numerous unoriented fractures
filled with an carthy, ycllow-brown deposit.

195.0 - 245,0 Black, fine-grained limestone, showing less brecciation and
Httle calcite. Between 195.0 and 205.0 the core tends to
break into wafers perpendicular to the drill hole. lLimestone

. has a Brownish, weatherod appearance near the shale contact.

245.0 ~ 250.0 Black shalc,
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TABIE 45. - Analysis of diamond-drill cores, Windy limestone deposit

- Drill hole 1
" Footage . Cald, | Mg0, . | 6305, | Alp03, Fep03, 803,
From - To- | Intervel |percont |percent |percent | percent . percént | percént
0 5 | 5 51.9 | 2.10 1.9 . 0.58 : 0.3% 1 0.01
5 - 0 ! 5 516 245 |15 v Lk | 21 | .01
10 15 5 | 529 150 | .9 36 | ak 1 o1
15 20 5 53 .9 0.80 1.0 do b1 .01
20 25 5 51.2 2.50 1.8 J9 00 W29 01
25 . 30.° 5 52.0 2.35 | 1.0 S50, 2k 0 01
30 35 5 49 .7 bss | .8 S 25 01
, i Drill Hole 2 | | :
0 5 . 5 52.5 1.80 + 1.3 £3 ¢ W21 .01
5 10 ¢ 5 51.3 3.00 1.2 65 .19 .01
10 15 5 50.0 13.95 . 1.1 67T 29 f .01
15 20 5 53.4 | 1.30 .7 Lo o 15 01
20 25 5 52.0 12k i 1.0 | 55 | W17 .01
25 30 5 . 53.3 125 ' .9 530 0 W17 .01
30 35 5 513 | 3.0 .7 56 20 | .01
35 ko 5 | 488 | 485 . 1.1 78, 30 01
Lo b5 5  50.5 ;3.0 1.1 | 53 . .23 .01
45 50 5 %3 | ks i 1.3 ST 0 29 1 L0l
50 55 5 ko L | 430 ¢ 1.6 93 0 23 .01
55 60 5 W6 ka5 11,1 96 0 20 .01
60 65 5 52.2 1225 | 1.1 28 0 16 ¢ .01
65 70 5 i 50.7 | 3.60 | b 1.01 A9 .01
70 75 5 - .- - - .
| . Drill hole 3 , | |
0 5 5 P 50.5 0 3.5 2.2 1 .79 1 .29 1 .01
5 0 | 5 |53.0 @ 1.00 , 1.8 B Y S )
10 5 15 L 92.7 i 1.60 | 1.0 S6 0, 2k | .01
15 20 i 5 %28 L1509 s b2 ol
20 25 | 5 } 53.15 ! 2.05 . 11 ' 9 | .2k | .02
25 30 5 L 55.3 ¢ s L5 A5 Ab .01
30 35 5 ; 545 1+ .85 1 1.1 65 2L, .01 ,
35 40 5 1515 139 0 .8 65 | 21 | .03
40 50 . 10 | 51.35 . 3.85 .8 S 21 1 .05
50 5 5 ka5 s o1k g 36 | .0l
55 60 ! 5 i 50.2 | 4.5 ; .9 } B8 34 01
! | ,
: 1 ‘
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Drill hole L

Footagc™ Inter-. Ca0 MgO | SI0p | AIp03 Fep03 , 503 -« Nag0 K20
From~| To~ ' yal percent percent percent percent percent ‘percent 'percent |percent
Ol 5 5 4.6 ko5 ' 2.4 135 037 0.0 1/0.0L |1/0.01
51 10 5 1 53.3 ' 1.0 2.5 9 . a8 1 .01 T - -
0113 . 5 1|53.2 9 1.7 Y5 .18 .01 - o
/20 1+ 5 153.8 ' 1.15 S, 55 0 .20 0 .01 - -
20125 | 5 15,0 « b 1.0 , .55 A3 0 .01 - -
25130 ' 5 | 55.4 Poss S 18 A1 .0 - -
30 1 35 5 1 55.4 | s ! .7 .55 A1 W01 - -
35 | Lo 5 (545 | 6 .7 65 16 0 .01 - -
Lo | 45 5 1 52.1 | 3.15 A 65 23 0L - -
45 | 50 5 P52k § 3,15 45 55 21 1 .01 - -
50 | 55 5 1505 | k.15 75 65 36 | .01 - -
55 1 60 5 k6 1505 0 95 5 36 1 .01 - -
60 | 65 5 ' 51.7 3.25 . .95 60 20 . .01 - -
65 | 70 5 . 54,2 | 95 S 65 16 0 01 - -
70 75 5 515 3.3 S 95 25 .01 - -
75 1 80 5  lLg.l 5.55 .95 1.2 56 .01 - -
80 | 85 5 54k 45 6 .9 .20 .01 - -
85 | 90 5 54 .6 55 A5 1 018 16 01 - -
90 | 95 5 i 53.45 | 2.0 12 8 27 005, - -
95 ;100 5 54 .6 85 1.8 .7 11 005 - -
100 ;105 5  5L.35 1 3.65 85 | .85 .32 .005 - -
105 | 110 5 53.35 | 2.0 . 65 | LTS 23 005 - -
110 |115 5 53.45 1 1.5 | .8 85 21 .005 - -
115 | 120 5 ;5115136 6 | .85 28 005 . - -
120 | 125 5 . 53.25 | 2.2 ’ H5 ¢ 65 .27 .005 - -
125 1130 5 0 49k k.35 175 1.05 .30 .005 - -
130 {135 5 1 51.85 | 2.95 ; 12 1 .95 25 005 - -
135 | 140 5 15055 | 3.25 ¢ 1.6 1 1.05 A 005 - -
Ho |15 1 5 kg2 h.0o5 2.2 1 1.55 23 005 0 - -
5 1150 | 5 | 50.95 | 3.15 1.65 1.25 . .35 005 7 - -
DO 1155 | 5 1 50.65 | 3.5 2.45 75 1 .18 005 - - -
155 (160 ¢ 5 51.95 | 2.05 2.4 65 .15 005 ¢ - -
160 {165 | 5 52.35 | 2.7 .95 75 .18 .005 - j -
165 |170 | 5 50.35 | 4.55 8 9 , 25 005§ - -
170 11715 | 5 50.0 | ho75 ' 1.0 1.1, .35 005 - -
75 1180 5 51.95 | 2.8 9 b6, 20 .005 - -
180 1185 | 5 ;5145 | 3.0 145 1 105 . 30 .005 -
185 [190 ? 5 s 1 5.0 1.3 1.1 39 .01 - -
190 1195 . 5 . 5L.7 3.7 1.1 65 1 .33 .01 - -
195 1200 | 5 1 8.4 :5.55 1.8 1.1+ .39 1 .01 - -
200 1205 | 5 4.0 7.95 2.25 1.4 57 .01 - -
205 210 , 5 . 53.3 |13 2.15 .55 19 oL 0 - -
210 {215 5 53,5 : 1.65 1.45 .7 R N N
215 (220 ! 5 51.5 2.7 1.7 1.0 29 , .01 - -
220 {225 , 5 ho 3.k 3.85 1.2 27 1 W01 - -
225 [230 . 5 48 . 3.65 hos . 9 21 ' .01 . - -
230 1235 ! 5 k7.7 .5.8 2.00 1.2 37 0 W01 - -

i._/ Composité - '
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Drill hole k4 (Cont.)

R i : T : i s

Footage | Inter-|Ca0 | Mg0 | SiOy | AlpO3 [ Pep03 | 80y | Neg0 = K0
From-~ To-| val |percent |percent |percent| perceit perceiit 'percent| percent percent
235 1240 5 4.6 | 6.45 2.3 | 1.5 | 0.3 | .01 - 0 -
2ho | 245 5 48.8 h.h4s 2.7 1.15. ¢ .36 .01 - -
245 | 250 5 51.5 é 2.75 2.2 b .13 01 - 4 .
250 | 255 5 ko .7 i 4,05 22541 1.0 | 31 01| - -
255 | 260 5 Bo k95 1.75 | 1.35 | 21 01 - -
260 | 265 5 50.9 | 3.65 1.45 .8 k|01 - -
265 |270 5 49 .3 his 11,95 B8 30 .01 - -
270 | 275 5 k2 | 5.8 | 6.9 | 3.1 i 1.13 | - .01 - 0 -
275 | 280 5 s1.h 1.4 | 3.7 | 135 1. .36 .01 - .
280 |285 5 51.3 | 3.7 .9 b 0 2k Lo S
285 |290 5 7.1 | 5.3 3.9 1 1.05 . 37| .01 - -
290 | 295 5 48.8 3.55 - 4.35 95 31 .01 - -
205 | 300 5 51.1 2.35 3.15 9, 1.33 W01 - b -
300 1305 | 5 1535 | .35 2.95) .9 | 20, .01 - -
305 |310 5 53.2 | .3 3.25 1 1.1 | .17 .ol - -
310 (315 5 50.9 | 2.15 2.55 ! 1,15 W49 .01 - . -
315 {320 5 53 .0 1.7 1.25 | 1.0 29 .01 - 1 -
320 | 325 5 46 .9 7.15 1.7 .T5 .37 .01 - .
325 1330 | 5 1558 1.6 | 6 55 200 o1 - .
330 1335 ; 5 | 2.2 (11.75 | b 5 .36 0L - -
335 ({340 , 5 {39.9 |13.35 : b 65 4o .01 ! - -
30 {345 | 5 | k1.0 112.65 .5 95 1 .36 01 - -
35 350 | 5 w37 6.3 1 ds! 8 1 3k ool oo .
3% (3% | 5 ko7 o112 .3 B 37 0L | - -
355 1360 | 5 § 47.9 5.85 J5 b5 1 310 01 - -
360 |365 | 5 4.7 | 8.05 | 6 95 1 3T .0l - -
365 (370 ¢ 5 | k8. 8.2 | .35 6 | 3k o1 - -
370 1375 5 1 hbk 8.1 3 ST 29 1 .01 - -
375 |380 5  Lh,7 T4 3 65 § 36 1 .01 - -
380 (385 | 5 13 les 5| 7 | ) S
385 |390 5 ' (68 | 5 .95 ¢ Aol o1 - .
390 [L0oO 10 4.1 6.25 : 35 65 29 .01 = =
hoo ko3 5 k2 (6.1 | .5 85 1 b0 0L - -
o5 k10 5 : 48 .6 5.7 | b 1.05 | .43 .01 - -
hio k15 5 k7.3 7.1 | Rt 5 0 Wbk 01 - -
415 1420 5 4.5 15,35 ! 1.0 § 1.35 1 43 .01 - -
koo thes 5 « hr.5 6.35 @+ 1.1 .5 R { .01 - .
k25 430 5 513 [3.4 ! 1.0 65 1 .33 .01 - -
430 435 5 50.9 |3.55 | 135 | b5 | 26 .01 - -
135 |4ho 5 50,0 |3.9 . 125| .65 | .33 .01 - -
4o s 5  53.9 6 .8 65 1 .31, .01 fo.or 1/o.01
Lys 150 5 .50.9 13.05 ' 1.2 J 00033 .01 - 7 -
k50 455 5 514 3.1 175 S 2k .01 - .
455 160 5 '51.5 |26 | 1.8 J5 ¢+ .2hoLoL .
4o k65 5 WAk 1255 3.75 | 1.1 . .31 01 - -
45 470 5 514 . 2.65 1.6 .15 27 .01 - 0 -

1/ Composite
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Drill hole 4 (Cont.)

Tootage - i o
tag ;inter- (a0 1) 8103 T KIa03  Fep03 | 803 | Nap0 | K20

From- To- ! val rcent: ’ '
o f o rggl.l t{Pe;ciéydpegcznt;percent4percent4percent;perggptipercent
b5 480 "5 9.6 . 4.0 1.8 e " T ;
430 U35 5 49.1 L25  1.85 1W9 30l N )
435 k90 5 50.2 3.55 1.8 '85 A9 . .0l “ i
k9o 495 . 5 50 2. 2.7+ .8 ST ' -
495 1500 i 5 B66 | 5.05 0 3.85 | 1.k Eegt ey ' i
00 505 | 3 oo | v J+-2 ; A5 53 .01 - -
505 1510 1 5 486 | s 26 | 139 B i
. 510 : 515 | 5 51.5 : .ls 3 05 ; 1-35 ' .’4‘7 ' .0l | - -
515 '520 1+ 5 15 ) 125 3.9 | 1'50j 0 i i
520 1525 @ 5 50.9 2.1 3.3 | 2'25 o . )
525 530 ' 5 53 .1 .8 23 '30 Ba ) )
530 1535 ' 5 51.7 11 3.6 | 1. 2 ¥ o - i
535 15k0 5 52 .8 1.0 2.3 o STk .
510 545 . 5 51.0 9 " ‘l | 1.05 33 ! 01 - -
545 550 5 S1.h . 1.3 3.7 I A )
550 . 555 © 5 51.6 | 1465 3.0 | 1. o Booa . _
555 560 5 50 .8 : 1.5 3.6 ! .éO 370 0L - -
520 565 5 51.2 2.2 2.9 | i'hg 'ﬁi ‘ .8i ) )
565 . 570 © 5  52.1 1.5 6 1. o i i
I O Y R S-S e .
‘ 2 L 1. . . - .
% % 2 183 2 a2 o )
585 500 5 503 ' 245 3.1 . 1. 2 e )
590 505 5 502 | 2.6 3.3 1o e er - -
505 600 5 W65 3.5 . 6. 265 W :
k00 605 . 5 4.8 1.9 6.4 | oy b )
605 '610 5 15 .)+ 1'05 ! 61'3 hl 5 -86 -Ol - -
oo 2 A 105 613 30 2.10 .01 - i
515 620 5 49 .0 1.05 6. S b i i
20 1620 9 6. 1% 100 a3 (o :
I c
Drill hole 6

0 5 5 5L .8 1.2 ‘

5 1 5 2235 3.05 -35 -g .15 .005 g/o.01 1/0.01
10 15 5 5155 3.5 45 s 55 o - o
15 20 5 51.95 3.0 8 ) el )
B A O (.

3 7.1 1. . PO i

% 35 1 My B-i 2-?5 i-iﬁ 61 005 - -
35 4 5 50.85  2.15  3.45 1. S A ec A "
ho 455 53.15  1.25 145 1'~7 k005 - -
gg 50 5 52 65 2.0 1:u 1.1 'gg .885 ] ]

55 5 50.0 2.6 2.8 1.25 A3 .015 - .

l/ composite-
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Drill hole 6 (Cont.)

Footage (Inter-, Ca0 - MgO  Si02 | Al203 ! FepO3 | S03  Nap0 0
From-: To-! val ?percent percent percent) percent percenti perc?ént percent! percent
55 | 60, 5 152,0 0.95 | 2.1 : 0.95 | 0.36 | 0.01| -
60 651 .5 k69 | 3, 52 ! 11 | 31 oL - -
65 700 5 50,1 | 2.0 2.95 | 1.1 26 o1 - -
70 75 5 1503 3.2 1.15 1.3 26 01 - -
s | 80 5 | 52.0 1.95 1.75 1.05 , .20 01 - -
80 85 | 5 49 .6 3.1 2.1 1.05 ! A7 01 - -
85 0| 5 k12 | hhs oLk 1.35 ;| .29 .01 - .
90 95 5 4o .2 2.9 3.85 1.0 24 Ro)} - P
95 100 5 Lo .7 3.45 1.7 1.15 ¢ 2k 01 - -
100 105 5 ko .5 2.75 2.8 1.55 34 .01 - .
105 110 | °5 51.3 2.0 1.k 1 1,25 .33 ox I
110 115 5 L8 .2 1.65 535 1 2.5 57 .01 - -
115 120 5 52 .0 1.35 3.75 3.1 .72 01 - -
120 125 5 43 .3 2.85 7.2 3.3 .80 01 - -
125 130 5 h1.5 2.1 5.1 3.15 .80 .01 - -
130 135 5 48 .2 2.45 k.o 3.5 .82 01 - b
135 1o 5 48 .6 1.55 5.5 3.10 89 .01 - S
140 w5 5 51.8 1.3 2.6 1.65 63 .01 S
15 150 5 1512 1.6 3.5 1.70 A7 .01 - i -
150 155 5 152.0 1.4 2.8 1.15 A6 No) S -
155 . 160 5 | 519 145 1 2.0 1.35 A7 .01 - -
60 | 165 5 | 522 1.0 | 2.2 1.3 - 01 - -
165 170 5 ' 50.7 85 5.4 1.6 - 01 - -
170 | 175 5 52,1 1.1 2.6 1.05 - .01 - -
175 180 5 52 .9 45 2.2 1.1 - .01 - -
180 185 5 |52, 1.05 2.6 1.0 | - 01 - -
185 190 5 49.9 1.0 5.6 1.8 | 1/.20 .01 |1/0.007 1/0.01
190 195 5 50.9 0.95 ' 5.0 1.25 - 01 - -
195 200 5 47.1 3.5 5,2 2.25 - 01 - -
200 205 5 50.7 1.5 3.0 1.55 - .01 - -
205 210 5 ko .7 1.45 4.8 180 1 - .01 - -
210 215 5 51.7 9 3.2 | 1.25 - 01 - -
215 | 220 | 5 |50.3 1.8 | 3.8 | 1.75 - 01 - -
220 225 5 k9.3 1.7 4.6 2.10 - .01 - -
225 230 5 Lh 3 1.3 13.8 2 .50 85 .01 - -
230 235 5 L1.4 4.5 i 10.k 3.10 1.5 01 - -
235 250 | 15 2.1 1.75 | T4.0 6 .60 3.35 .0l - 2 .65
250 263 | 13 1.9 A5 0 72,0 6.40 3.95 | .0l - 3.00
263 265 2 4.1 1.8 | 9.k 2.2 - .01 - -
Drill hole 7
0 5 5 b9l ¢ ko750 2.0 5 b .01 [1/0.01 |1/0.01
5 101 5 517 ; 3.05 | 1.6 | .65 20 010 - .
10 15 | 5 51.0 | 3.9 | .3 I .55 26 01| - -
15 20 5 k9.2 |1 5.05 1.3 65 21 .01 - -
20 30 | 10 52,0 | 2.9 ’ 1.1 5 .16 0L - -
30 35 5 2 | 7.8 1 1.1 | 5 23 01 - -
1/ Composite :
2103 - 106 -




Drill hole 7 (Cont.)

Footage pnter-, a0 | Mgo 5102 -+ Alp03 : TepOy | 803 | Nap0 1 K20
From- _To- vael 'percent percent percent!pervent] perceirt percant percent |percent
35 | k0 | 5 50k 1 L5 ok 1 ol ! oak 'o.01 - -
Lo ! s 105 k6 0 6.05 0 1. .7, 49 io0.01 ! - 0 -
45 | 50 5 hé .6 6.3 . 2.1 . 1.05! .77 i .01 - -
50 ¢ 55 - 5 522 1.3 ° 2.2 050 .3k .01 - -
55 60 . 5 f52'5 .7 3.2 1.25; .39 .01 - -

. 60 1 65 : 5 .52.9 1.1 1.9 L5029 Lo - -
65 | 70 ' 5 153.0 1.95 1.2 A5 26 0 0L - -
70075 7 5 ©53.2 & 1.7 1 1.0 Adsioo21 Lol - -
75 0 B0 . 5 i53.2 1.75 1.2 B350 .17 . .01 - -
go ' 85 I 5 [52.0 ' 245 1.2 T5 0 .23 .01 - -
8 . 90 . 5 48,7 , 5.3 1.5 85, .26 & .01 - -
90 95 5 1507 ¢ 3.9 .9 1 .20 01 - -
95 ' 100 5 | 47.6 | 6.25 1 1.k 6 1 2k .01 - -

100 105 5 {510 : 3.1 ' 1.k b 0 21 | .01 N -
105 ' 110 5 .5 555 1.1 .7 sS4 0l - -
110 115 5 | 50.3 3.9 1.5 65 26 1 .01 -
115 ;120 . 5 51.2 3.9 5 5, A6, .01 - -
20 (125 ' 5 51.0 345 0 1.3 55 23 .01 - -
125 1130 5 51.8 3.35 | 8 b5 21 0 .01 - -
130 '13%5 15 51.2 3.45 9 55 21 .01 - -
13% 140 1 5 | 52.3 3.0 + 1.0 ' .6 19 0 .01 - -
140 . 145 5 |51.1 ' 3.75' 1.0 , .60 - .01 1/0.013 1/0.01
145 150 5 | 52.2 2.9 | NI 15 - L0170 - T .
150 , 155 ! 5 53.9 ' 1.6 i .8 25 - LWL - -
15 160 . 5 [52.0 © 3.3 1 .6 bo!| - o010 - -
160 165 ! 5 B8 - 6.0 | 8 55 - SN e) - -
W5 170 . 5 466 7.8 . 5 boii/sss oo 0 - -
170 175 5 (4.0 | 6551 b .35 - .01 - -
175 1180 | 5 k6.0 | 8A5I 6 . 55| - . .01 - -
180 1185 . 5 150.7 i kAo .8 55 - N R - -
185 1190 | 5 !L6.3 l 7.3 1 1.6 b0 1 - 01 - -
190 1195 ' 5 !so.7 ! 3.0 2.0 | 1.0 ' - .01 - -
195 1200 ¢+ 5 :50.2 ! k.o 18 ! .55 - .01 - -
Drill hole 8 l : ,
0 5 5 1551 ' A5 5 A5 23 .01 1/0.01 1/0.01
5 i 10 5 54,6 6 .7 l 5 3 IS R B B
10 i 15 5 53.6 1.15 i 13 L 850 20 0 .01 . - b=
15 | 20 5 | 53.0 L.b oy 1.7 ; S5 .23 .01 - b
20 |25 . 5 M4 | 3.3, 3. 2.35 .83 . .01 - -
25 |30 ! 5 jse.n ! 11 23 | 1.0 60 .01 A
30 35 5 153.6 . &l 1.3 1130, .37 .01 - .
35 (k0 , 5 |51.0 + 3.6 .5 1 1.30: .28 @ .01 - ]
o 1w 005 k73 o 650 6 | 95 .37 .01 - -
b5 150 ; 5 |43.2 108 | S o1 60 34 o1 - -
50 |55 5 ko (13.3 1.3 |60 .34 .01 - -

l/’ Composite
5103 ~ 107 -




Drill hole 8 (Comt.)

" Naz0

%20

“Footage  linter-, a0 MgO 1+ Si0p . AlpO3 | FepO3 ' 803
From-' To- val |percent 'percent!percent!percent Ipercent ;percent| percent percent
55 . 60 5 | 35.6  17.1 | 0.6 ; 0.70 | 0.6 | 0.01 |
60 65 5 | W8 ' 92! 6 ' 01 3k 01
€5 70 5 | 4.6 1.1 . 5 S0 0 26 1 .01
70 75 5 1432 10.5 | .5 b0 131 | 01
5 80 . 5 42 .2 1.6 1 2 ] A5 0 230 .01
80 85 5 | b3.2 1 10.7 ! Ao 65 0 28 .01
85 90 5 | ko2 } 135 .1 50 28 i .01
90 95 . 5 . 39,3 | 14.0 | 2 .ﬁo P W28 0 .01
100 . k11l 0 126 A 45 1 30 0 .01
183 105 g c 410 0 128 3 .hg : .ﬁo , 01
105 110 5 436 | 106 .3 f 50 ¢+ W31 . .01
il0 115 5 .0 |, 6.5 ; 3 53 i 35 | .01
115 120 . 5 | 2 . 9.6 1 2 | Ao 1 .3k .01
120 125 ; 5 ' ko.k g 25! 650 55 . A48 .01
3B 5 5.9 | N 2 S .
135 140 : 5 ' hho | 8.6 1 65 6 430 .01
140 s 5 0 b5.0 1 8.9 1 b0, b | A2 01
w5 150 . 5 1476 | 6.1 ; B85 1 3 84k 01
150 . 135 5 k7.5 . 6.8 | 45 ; 45 .33 .01
155 1160 5 . 42.n P 113 RTo 45 3k 01
160 165 5 4.7 1 5.6 b5 5 28 .01
65 (170 - 5 4.3 0 74| 0. .75 31 .01
170 175 5 6.5 | 7.8 1 ko | A5 31 .01
175 180 5 W8 |, 7.3 0 Lo % 27 .01
180 185 5 bB.6 L. | 1.b , 1.05 A1 01
185 190 5 .50.4 3,71 1.0 b .30 0L
190 195 5 49.8 3.8 . 2.1 .85 31 .01
195 200 5 .k . 5.7 .85 65 0 26 01
ggg L 205 5 3.6 5.3 { 1.85 NI 1o .gi
' 210 5 51.2 , 2.4 . T <33 .
Sig ] gég 5 512 ¢ 3.2 ’ .Z5 | .g i .gg '8i
. 5 50.0 1 5.3 W0 1. . .
220 | 225 5 516 | 3.8, a5 A 20 | .01
225 | 230 5 1502 | k1 1.1 5 23 | .01
230 jgig 5 , 516 2.7 } .2 | .i :gu 'Oi
cho 45 3 ire | e | Pl E e | 21 i o1
A R A R A B
! : - 3w . ; - » L]
255 260 5 150.0 | b5 8 T 27 . .01
mmo B pE 2l
270 1275 |5 i51.1 : 2.8 ! 2.15 1.00 | .2k i .01
275 | 280 5 1490 ¢« 3.9 3.25 1.05 36 . .01
280 (285 ¢ 5 ' 51.0 2.6 | 2.9 .85 21 ¢ .01
285 1290 5 5.3 ) 1.7 | 2.65 .15 23 .01
i%oc .eggt 5..505 1 2.1 ! 3.1 1.45 4300 .01
i omposite !
5103 - 108 -

|

|

.__.__.I,F:_.

-

oy
(o]

-

LA B N T A D R R TR S A D D DN N TN ST SN TN [T SN JNNY N TN NS SN SN RN S TN R NN SUNN N SN TN T NN SR U SN TR R TR R S

l -
I

[ S R S A D D I T R R T TR N R N T TR N RN S N [ NN S TN Y S TR NN S S TN N SN N N T S T TR S N S

i1/0.01




Drill hole 8 (Cont.)

_Footage ~ /Inter-| (a0 ' Mgl | 5102 . Alp03 Fep03 ° 803 | NapO | K20
From- To- | val jpercen@ipercentfpercent-percen@_gprcent;percentipercent{percent
295 3007 5 5151 1.5, 2.5 1.35 | 0.k : o0.01 | - | -
300 3051 5, s2.h g0 26 0 125 S S O N B
305 310: 5! s2.11 9 12 o125 A3 01 - -
310 315° 5 50.4 9 25 195 40 011 - -
315 320] 5| 52.5; 1.1 3.6 © 1.6 58 .ol
320 325, 5! 50.5 | 1.7 1 3.0 | 1.5 37 oL - .
325 330 5 .8y 1.7 3.7 ¢ 1.8 | .67 Qo1 - g -
330 | 335 5 | 49.8 l 1.8 | 3.7 | 2.0 , &4 01 - . .
335 .3L0. 5| k6.6 2.9 | 55 | 2.95 .79 N
30 1351 5| w8 ! 251 5.9 3.0 .82 o0l - -
345 350 | 5 48.8 | 2.8 hos 1.8 57 01 - -
350 '355- 5 k8.l 2.8 | ks | 2.15 61 01 - -
355 3601 5 ko1t 2.0 3.35 , 1.85 S50 W01 - .
360 - 365 5 hr.h | 3.8 3.9 | 2.15 65 01 - -
365 370! 5 4.8 1 3.3 5.2 1 2.6 | .76 oL - -
370 3757 5| .6, 2.7 6.3 3.2 .92 0L - -
375 . 380 5 Mg 2.3 75 | 3.5 . 1.17 01, 0 - -
380 | 385 5 3.7+ 3.0 {21555 ; k.35 | 1.85 ¢ .01 - -
385 390 5| 37.0 1.5 |22.5 L7513 - 01 - -
390 395 5 | 29.2 3.1 28,7 1 655 2.88 .01 - -
395 415 ° 20 Green quartzite.

Drill hole 9 ‘

0.0, 12.0 12.0 | 50.6 ; 3.2 ;| 2.2 9 . Mo w2 . o
12.0013.9 1.9 | 55.1 5 S S | N
13.9: 16.0 2.1 53.6 1 1.7 1.1 . .36 i 2h 0 020 - .
16.0° 20.0 k.0 54.8 S0 L0 0 370 13 w2 - ) -
20.0126.0° 6.0 | 55.0 | o R Y (R SR = RS : N o' S P
26.0 29.0' 3.0 54.8 .3 B N S S L. T R o S U S
29.0; 34.00 5.0 | S5h.h .9 1.0 | .13 a7 L5 b o L
34.0139.00 5.0 | 51.2 | 2.0 | 3.7 .63 27 1 05 - i .
39.0% k.00 5.0 | 51.6 ' 3.0 | 1.9 A Q6 0 .05 - .-
be,00 47.00 3.0 | 53.0 | 2.3 7 o 20 . W05 1 - .
47.0° 5#.0; 7.0 | 52.h 2.4 | 1.0 A2 A8 1 .05 0 -, -
5.0, 59.0; 5.0 | 149.0 5.5 | 1.1 A6 T o' T B
59.01 61.0] 2.0 50.8 .1 1.1 58 22 1 05 . -
61.0. 64.0. 3.0 | 50.6 b2 | 1.2 .38 22 | 05 - _
64.0! 69.01 5.0 | 53.0 2.2 1.1 27 A3 0 .05, - -
9.0t Th.0; 5.0 | k9.8 5.0 | 1.2 .38 32w -] .
7h.0 | 79.0{ 5.0 | 51.4 3.9 | 1.1 .39 21 1 .05 1 - .
79.0| 84.0! 5.0 54.8 1.k 5 21 09 0ok ) - o
84.0| 90.0| 6.0 | 55.7 5 5 21 09 103 | - -
90.0{ 95.01 5.0 54 .8 1.3 6 21 09 0 030 - bl
95.01100.0! 5.0 48.0 6.7 1.0 33 0 .7 f 030 -, -

100.0110k .0l 4.0 | 50.0 by | 12 33 . .17 0 0k . o
10k .0 109.0, 5.0 50.b 1 3.9 | 2.2 26 Jdb 05 0 - -
109.0,114.0; 5.0 52 4 | 1.1 | 3.9 29 - 11 .06 ; - .
llh.ofll5.0: 1.0 53.2 | 1.2 2.7 23 .17 .07 - -
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Drill hole 9 (Cont.)

Footage  .inter- Ca0 Mg0 | B5i02 . Al203 | Fep03 . 803 NapO  KoO
From-;‘ To- | val f ' percent 'percent. percent pcrcent percent;percent gpercent;percent
115.0,120.0 | 5.0 | 51.7 | 2.3 | 2.2 ' 0.50 0,20 0.08 . - . -
120.0i12k.01 k.0 ;, 512 i 3.2 ;2.0 | bl . 29 W08 0 - -
124.01130.01 6.0 ! 49.6 3.6 ;2.7 1 .86 0 3k 0T 0 - -
130.0i134.0' k.0 ¢ k7.9 5.1 2.8 | .89 31 . .07 - -
134.0;140.0. 6.0 ' 51,9 ¢ 1.6 3.1 | .53 A7 06 - -
140.00244.00 k0 | 53.0 | 1.2 2.7 1 .31 09 07T - - -
44.0,150.0 6.0 ; 50.0 . 3.8 ;2.0 ! 67 ; .23 ¢ .08 - -
150.0{154.0 k.0 @ kg5 1 W4 . 1.8 P W79 31 . 09 0 - -
154%.0'159.015.0 1 k96 © 3.9 .24 . .73 | .37 0 .11 - -
159.01164.015.,0 | 48.8 | k1 {55 1.6 ¢ 5k 05 . - -
164.01169.0 5.0 | 50.6 2.9 i 2.5 . .91 | 29 .02 - -
1$9.0{174.01 5.0 | 50.0 , 3.5 ' 3.1 ; 9k 26 02 - -
174.0{180.0 ' 6.0 | 502 1 k2 Pk . 63 4 .17 0 01 - .
180.0/183.01 3.0 | 8.2 | 6.2 ; .8 - Bk 1 26 0L - -
183.01188,0' 5.0 ' k7.0 | 6.7 I 1.2 . 67T A3 .01 - -
188.0{19%.0 ' 6.0 : 516 . 2.8 - 1.1 .k ' 26 .02 - : -
194.0(197.6 ' 3.6 ' b4 | 7.0 2.1 - LTh 0 b6 o2 - b .
197.61200.0 2.4 4.6 , 6.5 ' 1.9 | .86 | 5k 020 - -
200.01204.0 . 4.0 ¢ 47.0 i 549 ; 2.0 L9l 49 02 - _ -
20k,ci206.0: 2.0  45.0 ¢ 8.9 1.1 T3 37 Ok - ! -
206.0/1211.0 . 5.0 | 47.% 1 6.3 | 1.3 69 .31 .05 - j -
211.01215.01 k.0 , 51.0 | 3.0 1. . 56 1 .34 .02 - .
215.0{224.0. 9.0 , k1.2 | 5.9 |22 - 1.0b . b6 05 - -
224 .01228.0 : .0 ' M6 8.7 1.2 7 0 A3 .03 - -
228.0230.0 2.0 - B4 . 85 T .9 b7 43 .01 - -
230.0/1235.0 ' 5.0 e - 9.8 A ST .23 02 - -
235.0]1240.0 5.0 - 43.8 ' 10.6 L 36 3k .0l - -
240.01245.015.0 , 4.0 ' 7.9 9 530 37 .02 - =
2k5.01250.0,5.0 4.8 8.3 8 SL b9 02 - -
250.01251.6 { 1.6 : 38.8 | 13.9 1.1 53 57 12 - -
25162545 12.9 | k3.4 8.7 ¢ 1.0 A8 52 JAb - ‘ -
254.51260.0 15,5 | 2.8  10.7 R N, 1 s
260.0 265 .0 [5 L0 W6 105 , 6 0 M M6 13 - -
265.01266.5 | 1.5 , 4.9 7.4 0 6 0 w7 b .10 - -
266.5270.0 13.5 | U5.6 88 | 5 IR 75 R 1o .08 - : -
270.0[273.0 | 3.0 | L6.4 63 | A4 . w50 1 MO 06 - -
273.01280.0 | 7.0 } 47.8 6.8 | .k .33 37 O - -
280.0285.0 {5.0 | 43.8 0.4 | 6 37 1 W43 .06 - ! -
285.0{290.0 1 5.0 : 50.1 5.1 | 6 31 1 .29 06 - -
290.01295.0 1 5.0 | 53.1 2.1 . .9 L8 26 07 - -
29%.01300.0 ; 5.0 kr.9 ' 6.2 1.3 B 66 o7 - -
300.0|305.0 15.0 | 54,7 Ao13 0 0 51 0 .29 .07 - -
305.0]310.0 5.0 i 5.6 ! 1,4 2.8 A6 0 34 07 - -
310.01315.0 {5.0 | 51,6 i 2.3 . 3.0 20 ¢+ ko 07 - -
315.01320.0 (5.0 | 54.0 1.2 2.8 81 Rite) .08 - -
320.01325.0 |5.0 | 18.0 6.4 | 1.1 JTh RIT 08 - -
325.01330.0 {5.0 | Lb4.6 9.8 + .8 10 40 8 - -

5103 - 110 -




Drill hole 9 (Cont.)

Footage [nter~: (a0 Mg0 Si0p | AlpO3 | FopO3 | 803 | Nag0 | K0
From-| To- :val ipercent percent percent jpercent |percent percentlpercent?percent
330.01335.00 5.0 | L9.k 5.3 0.8 0.51 0.291 0.07 i - -
335.0(340.0, 5.0 | Lo.4 k.9 .7 26 34 .09 | -
340.0[345.0, 5.0 | u7.2 7.2 18 A1 Lol 09 - ’ -
345.01350.0, 5.0 | k7.0 ¢ 7.7 | 6 .39 31 09 0 - -
350.01355.00 5.0 7.5 | 6.2 | 1.3 W81 Lo 09 L. -
355.0/360.00 5.0 | 49.7 ' 4.8 | 1.0 87 43 .08 - -
360.0(365.00 5.0 | L45.2 | 9.0 | 1.1 ey M6 .09 - ] -
365.0(368.0] 3.0 | L4k.7 0 9. | 1.0 Bk L6 .08 - -
368.0{375.00 7.0 | 48.5 1 6.3 | .6 69 .31} .08 - -
375.0,380.00 5.0 | k6.0, 8.7 | 5 34 26 09 - -
380.0,385.0; 5.0 obss 770 9 D 63 37 .08 - -
385.01390.0; 5.0 | 50.0 © 4.8 . 1.1 | .69 31 .07 - -
390.01395.0 5.0 | 5l.k4 3.7 { KA I e 31 .08 - ; -
395.01400.0, 5.0 | 51,0 . 3.8 | 1.5 ! kg 310 .08 - -
400.0405.0 5.0 © 52.2 2.5 . .9 3k 26, .08 - -
405.0;%08.0. 3.0 1 Lok 5.6 1 9 ! 51 29 .09 - -
408.0!413.00 5.0 © L4B8.Y4 6.2 1 .9 34 26 .09 - -
413.0,420.0° 7.0 W8 48+ .8 A9 31 .09 - -
L20.01425.00 5.0 52 .2 2.7 ' .8 .39 31, .10 - -
425.01430.0 5.0 53 .6 1.5 1 W7 A7 23] .09 - -
430.0(435.00 5.0 © 51.8 3.3 . .7 39 |0 W.310 .10 - -
435.0/440.0, 5.0 ¢ 52.8 2.3 | 6 .36 Shi .10 ;- -
440.0IL45.00 5.0 | 53.6 1.4 0 1.0 | 7 23] a0 ! - -
445.0,450.00 5.0 ; 52.h 2.3 ¢ ik | A7 230 .11 - -
450.0{455.0° 5.0 ' 50.2 , L. 1.1 ¢ .5kl 260 a0l - -
455.0 460,0 5.0 © 8.4 5.1 ' 2.4 5l 260 A2 1 . -
460.0{465.0, 5.0 . 51.6 | 2.5 1.6 | WBH1 1, 29, 10 - -
465.0,470.0. 5.0 + 512 ' 2.9 i Lk | .76 | 3k a0 | - -
470.0{475.00 5.0 52.0 1 2.6 . 1.1 ., .2 ¢ 28, .07 | - -
475.01480,00 5.0  52.8 ' 1.6 ° 1.0 [ .81 90 .09 | - -
480.0:485.0] 5.0 51.6 3.1 . 6 | .50 . 200 .12 t - -
485.01490.0, 5.0  50.0 L6 . 8 I 6o | 301 23| - B}
490.0{495.0, 5.0 52.2 2,5 .8 1 57 23 A9 0 - -
195 .01500.0] 5.0 49.0 3.8 0 3.1 | 113 370 3% - -
500.0{505.0] 5.0 49 .2 3.3 ' 3.6 1.06 | 34 A6 1 - -
505.0{510.0{ 5.0  46.6 5.4 4.3 1.03 | .37] 20 ¢ - -
510.0/515.0, 5.0 . 146.0 .9 ¢ 4.3 1.87 | 53 Jo 1L .
515.01520.0; 5.0 ' 4.8 L8 | 3.9 | 1.33 i 371 .22 - -
520,0{525.0] 5.0 : L49.3 2.8 - 3.3 1.28 | L2 32 - -
525.0(530.0{ 5.0 49,1 3.7 . 3.6 1.34 | 26 21 - -
530.0{535.0] 5.0 51.9 1.2 3.2 93 R4 .16 - -
535.0{540.0| 5.0 50.7 Jo0oks !t 1.82 81 .50 - -
540.0/543.0] 3.0  50.3 9 ' 6.1 - 1.08 l 32| .05 - -
543 .,0{548.0] 5.0 - 50.1 1.3 ' 5.0 1.62 581 34 0 - -
548.01550.0{ 2.0  L40.k 5.3 ' 9.5 hotr + 17131 176 1 - -
550.01555.01 5.0 ' 27.0 1.9 '41.5 2,93 ! 1.4y LT L - -
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Drill hole 9 (Cont.)

Footage  |Inter-, Cad @ Mg0 | 5102 A1203 | Fep03 503 Nap0 | K20
From-: To- | val percecnt [percent:percent!percent|percent |percent|percent; percent
555.0(560.0, 5.0 i 47.2 | 2.8 | 6.2 2211 059 0321 - -
560.01565.0| 5.0 | k6.2 3.3 | 7.k 2.28 2 | . Jbo I
565.0{570.01 5.0 | 5.8 ; T4 776 L.73 | 2.67 1.90 - -
570.0{575.0! 5.0 ,31.2 | 2.3 : 29.4 4.50 2.10 1.76 - f -
575.0{580.0]| 5.0 i34.8 ! L9 | 18.0 bB2 (. 2,081 2.5 - | -
580.0{585.0| 5.0 § 9.8 . 1.7 ¢ 6b.b 6.4 3.16 2.1 - -
610.01620.0110.0 4.3 1.4 - 80.0 3.32 ¢ 3.08 | .1.29 -y -

Composite 0.0 - 548.0  0.30 Nap0 0.18 K0
. Drill hole 10
0.0/ 4.0l 40 448 .+ 9.3 | 0.7 : 0.51°' 049 0.02 - 0 -
L.0] 9.0| 5.0 42 | 9.7 S - B4 b6 .03 - { -
9.0 14.0,5.0 |47.8 | 6.2 ° 1.0 L7 3 .02 - -

1.0} 19.0/ 5.0 |44 | 85 | .8 Sk A3 .01 - j -

19.0/ 2k.0{ 5.0 | 47.0 | 7.6 6 o R N o} .01 - -

2h.0] 29.01 5.0 | Mk ol 7 A48 32 .02 -~ 0 -

29.01 34.0!5.0 452 | 85 @ 1.4 58 .32 .03 - | -

3%.0! 39.01 5.0 (4.4 ! 83 ' 1.1 16 34 .03 - 1 -

39.0] 4.0 5.0 | k5.4 L 7.8 2.3 56 340 2 - -

o| k.0{5.0 ' 66 * 1.5 Q1 29 .02 - 4 -

k9.0l 54.01 5.0 L8 | 8.9 1.1 L1 A9 .03 - .

54,01 59.0{5.0 I4k,0 | 86 ! 2.2 L7 1 63 o2 - 0.

59.0( 64.0] 5.0 g 7.6 ‘ 3.6 3.9 2,00 | 1.10 | 02 - -

6L.01 69.0!5.0 1.k | 5.7 1 6.2 Bo 1 Wbo oy .03 - .

69.0/ 74.015,0 {4 | 5.9 i k6 | 8T 32 03 - -

Th.0] 79.0, 5.0 | 47.6 | 48 1 b.o Bh o kst o7 - 0 -

79.01 84.015.0 k7.8 | 5.1 ' k.0 87 ¢ b3 Ok ~ -

8L.0| 89.0(5.0 " 49.8 1 3.9 .. 2.0 b7 23 02 - -

89.0/ 9k.0|5.0 , 48 1 5.3 ! 2.0 JL 029 .03 - .

94.0l 99.0!15.0 kg 1 52 .9 68 .32 02 S

99.0/10k,015.0 !52.0 ! 3.3 | .k 50, .20 .02 - -
104.01109.0 /5.0 (518 ; 3.4 - 6 | k1. 29 .03 - -
109.0/114.0 /5.0 150.8 | 3.7 | 1.5 ' 530 .37 .03 - -
114,0119.0 | 5.0 k9.2 | 5.1 ° .8 61 .29 .02 - i - v
119.0/124.0 | 5.0 514 | 2.8 | 1.7 90 | ko .03 - .
124.0i129.0 {5.0 [50.h | k.3 .6 L6 0 3k .03 - -
129.0/13k.0 /5.0 '50.0 ! 3.8 , 2.7 Jo! 40 .03 - -
13%.0{139.0 |5.0 k92 | 2.5 i 5.8 91 . .29 02 - i -
139.0{1kk.0 (5.0 . 5L.0 . 2.7 | .2.1 86 | 34 W02 - -
144.01149.0 (5.0 '50.0 -1 .9 ; 6.3 98 | .32 .03 - -
149.0[154.0 | 5.0 51.0 | 1.1 | 5.2 1.03 .37 .03 - -
154.01159.0 5.0 . 49.8 = 3.0 | 4.3 81 29 02 - -
159.0116k.0 (5.0 '49.8 | 2.7 ' L.6 81 | 29 1. .03 - -
164.01169.0 {5.0 '49.6 | 2.5 = L.6 1.11 | .29 .03 - -
169.0|174.0 i5.0 W84 | 2.3 5.6 2.0 ¢ .60 | .03 - -
174.01179.0 {5.0 5.6 . .9 2.1 1.43 ) 37 Ok - L -
179.0{18%.0 {5.0 151.0 1.7 3.0 5.81 .69 | .05 - g -
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Drill hole 10 {Cont.)

Footage _ Inter-. Ca0 | Mg0 . 8i0p | AlpgO3 | PepO3 | 803 | Nap0 1EgG

From-| To- !|val ipercent percent percent percent percent ipercent jpercent percent
18%.0,189.01 5.0 ! 51.6 | 1.1 2.3 | 1.6 0.3k o1 | - -
189.0:194.0i 5.0 k9.6 I 1.7 k6 159  BL .01, - lo-
194.01196.0 2.0 - 51.6 : 1.k 300 .3 371 W01, - -

Composite 0.0 - 196.0 0.035 Nao0 0.16 K0

Drill hole 11

0, 5.005.0 WL 9.6 1 L J6 00 3k e -
5.0/ 10.0-5.0 L47.0 | 7.8 13.9 1,00 i 20| .01 | - .
10.01 15.015.0 4.6 . 7.9 S 50 1 200 .01 | -
15.01 20.0,5.0 4.8 | 5.7 ¢ .8 , 57T ; 23] .01 ' - -
20.0: 2&.0& Lo 4.8 | 8.6 T T ¥ ¢ = - -
24.0° 30.0! 6.0 k.o i 5.1 1.0 ' 8% W6 01 | - -
30.0!0 35.01 5.0  50.k4 SR TR A O ) Sk W6 L0l Lo -
35.0/ 39.0 ko -8 | 79 |26 S R - R T -
39.0; .01 5.0 .o 112 1.0 A7l 63, o1 ¢ - -
bh.0j 50,01 6.0 k2 0103 J 24 ) 53 0 370 .03 ] - -
50.0! 55.01] 5.0 45.0 8.9 1.2 J1 A9 b0l - -
55.01 60.0 5.0 - Lo 1 9.6 1.7 230 370 .01 b -
60.0| 65.01 5.0 4o | 9.3 1.9 o b0 .3 - -
65.0/ 70.05.0 4.0 7.8 2.3 T 2 S A -
70.0/ 75.0, 5.0 4.2 * 7.4 118 ¢+ 51 1 A9 o1 | - -
75.0] 80.015.0 o8 i L.h 1.7 N N 1T 0L - -
80.0¢1 85.0! 5.0 k9.0 | 5.7 1.2 Ry 23, .01 |} - | -
85.0{ 90.0| 5.0 49.0 ¢ 5.k 1.1 LTh 26 ' .01 1 - -
90.0] 95.0: 5.0 k9.6 1 5.1 | 1.0 5h 26 0 .01 ) - l -
95.0{100.0 ! 5.0 2.2 0 246 1.5 43 A7 W01 - -
100.0{105.01 5.0 4.6 | 6.2 | 1.0 37§ .23, 01 - -
105.01110.0; 5.0 50.6 1 3.9 1.2 o Th 26 0 W01 - |-
110.0/114.0| 4.0 49,2 ' 5.4 .9 b7 23 . 01 - |-
114.01120.0! 6.0 k9,0 ° 5.7 9 b1 23 | .01 - -
120.0/125,0 | 5.0 4.8 . 5.9 i .9 n 26 7 .01 - i -
125.01130.0 ] 5.0 4.4 ' 5,7 | 1.6 e 26 | .01 .
130.0{133.0{ 3.0 . 51.0 3.6 1.1 b7 23 .01 - -
133.0{138.0} 5.0 ' 52.0 3.3 0.9 53 17 01 - |-
138.01143.0{5.0 , 52.6 2.5 | .9 .33 17 01 - | -
143.01150.0{ 7.0 | 50.0 ! 5.0 | .6 30 20 | .01 - -
150.0/155.0: 5.0 | 4.8 | 6.5 A L7 23 .01 - -
155.01160.0 5.0 | 47.8 = 6.7 5 64 26 .03 - Po-
160.0/165.0 | 5.0 i 52.6 . 3.2 5 43 17 01 - bo-
155.01170.0 1 5.0 | 49.0 |, 6.0 5 51 29 01 - |-
170.01175.0 | 5.0 k6.0 8.6 5 46 .34 02 - —
175.01180.0 1 5.0 - 49.8 3.8 i 2.8 56 34 .01 - [ -
180.01185.0 5.0 1 48.6 5.9 . 1.1 61 1 29 .03 - -
185.0{190.0 | 5.0 ! 52.4 1.8 2.0 5T 23 ) .01 - Po-
190.0(195.0 { 5.0 ! 51.6 3.4 1.1 .50 20 | .02 - Do~
195.01200.0 | 5.0  48.6 5.2 2.0 79 0 31 .02 - -
200.0}205.015.0 | 50.8 3.3 te.t 60 1 20 0 .02 - -
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Drill hole 11 (Cont.)

Footage Inter-) Ca0 : Ma0 | 5i0p [ AlpO3 | FepOs3 SO3 | Nap0 ;| g0
From-i To-~ val percent percentfpercentipercent,percent percent| percent percent
205.01210.0| 5.0 | 49.2 he 2.5 061 029 | 0.02 - -
210.01215.0} 5.0 k9.0 b 29 .67 ; 23 02 - -
215.0{220.0{ 5.0 L7 L 5.1 Bl 29 .02 - G-
220.0[223.0!1 3.0 | 50.4 | 3.7 12,5 0 .67 | .23 02 - -

o 223.0{228.0{ 5.0 , 52.h . 1.4 lta2u4 o 81 29 .03 - -
228.0,23%4.0, 6.0 50 .4 9 5.2 1.h% | 66 Ok - -
234.0;25%0.0! 6.0 50 .2 3 5.3 1.90 80 02 - -
2h0.0j245.0 5.0 | 52.8 Ao 3.6 0 .66 3k 02 - -
245.01250.,0! 5,0 52 4 Loy 6 5.47 1 W3 1 .02 - -
250.01255.0! 5.0 53 .6 IR TR T WA ¢ .19 31 1 .03 - -
255.0/260.0| 5.0 | 47.8 Yol 5.2 133 ; .57 | .ok - -
260.0{265.0|1 5.0 | 53.2 , 1.4 (1.8 | 2k | 26 ° .03 - -
265.0]270.0| 5.0 | 53.4 L4258 0 2k | 26 ; 01 - P
270.01275.01 5.0 ! k3.9 . S 113.9 1 2.23 .97 1 .01 - -
275.0/280.0! 5,0 | 33.1 | 1.3 ,29.0 | k.35 2,05 | .9k - P
280.0284.01 k.0 | 37.0 | 1.1 21 | 5.90 | 1.0 | .62 - -

Composite hole 11 0.0 - 270.0
© 0.050h Nap0
0.15% K»0
Irill hole 12 : |
0/ 10.0110,0 | 4.4 ; 8.5 6 .51 | 29 01 - -

10.04 15.0, 5.0 . 0 04 6 T 61 | 29 . 01 - -

15.01 20.01 5.0 | k5.6 b 8.5 0 .3 1 a7 23 0 .01 - -

20,0/ 25.0| 5.0 | b4 | 9.7 .3 37 1 .23 o1 - -

25.0 3o.ois.o P50 ¢ 9.1 Wk 37 .23 .01 - -

30.01 35.0; 5.0 | 6.4 ;8,5 . L L0 % 20, 01 | - -

35.0f 0.0; 5.0 k.2 [ 9.2 | .k 37 23 ¢+ .01 ' - A -

40.0| 48.0| 8.0 i,u5.8 L 8.8 5 37 23 - o1 oo .

48.0{ 55.0f 7.0 ; 4h.6 ok i A 34 26 .01 Lo i -

55.0| 61.0] 6,0 | 4.2 9.9 | .4 30§ 20 0 0 - |-

61.0/ 65.0| 4.0 | 13.8 | 9.6 | 1.1 A1 29 .01 - -

65.0{ 70.0] 5.0 | 46 | 9.5 . 4 .34 26 1 .01 - b

70.0{ 75.0] 5.0 3.6 : 104, 6 Qe 36 0 .01 - , -

75.0] 80.0] 5.0 3.8 1 102 ¢ 6 A1 29 .01 - . -

80.0; 85.0| 5.0 o | 8.0 .7 i 51 29 01 0 - : -

85.01 90.0} 5.0 .3 ° 6.7 '3 ¢ 61 4 29 ¢ W01 - Po.

90.0! 95.01] 5.0 4.7 0 9.6 ;1.7 | .5k 26 0 .01 - P

95.0{100.0] 5.0 | 4.8 © 7.6 [ 1.0 | o 20 010 - .
100.0/105.0| 5.0 ke | 6.7 9 ' ko Jo o001 b - Lo
105.0{110.0]| 5.0 ko6 | 1.6 LT . 66 Sh .01 - b
110.01115.0{ 5.0 546 30 6 30 | .20 01 - P
115.0|120.0| 5.0 | 52.2 | 9111 ' .59 1 .31 S T B
120.01125.0| 5.0 51.0 | 1.6 1.5 | 3% 1 L8 . 2 - l -
125.0{130.0| 5.0 | 51.6 | 8 2.8 L4 26 , 0L - -
130.0{135.0{ 5.0 51,8 | 13 :2.0 o .57 23 0 0L - oo
135.0{140.0] 5.0 50.0 é‘ 2.7 1 3.0 L6723 @ 01 ) - ! -
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Figure 41. - Geologic map of Windy-Foggy Pass area.




Drill hole 12 (Cont.)

Footage Inter-T Ca0 | Ma0® |, Si0p , AlpO3  FepO3 | . S03 | NapO | KO
From-| To~ val percentlpercent|percentfpercentupercent percent;percentfpercent
140.0{145.0] 5.0 . 51.0 | 1.7 | 1.5 | O.L7 1 0.23 0.01 | N
145.01150.0! 5.0 5.8 1 5.5 | 1.6 |l 29 Ko
150.0{155.0{ 5.0 ., 50.k } 1.3 | 2.3  1.01 , .k 02 - -
155.0{160.01 5.0 & 50.2 . 1.9 | 2.1 , .56 , .3% Q010 - .
160.0(165.0; 5.0 | 53.2 | .7 9 | .37 ¢ .23 .01 - -

‘ 165.0/170.0f 5.0 | 53.2 | 1.5 b 1 37T 23 01 - -
. 170.0/175.0/ 5.0  Lk7.6 | 3.k 5.0 | 2.20 1 1.00 ! .0k - .
lﬁLOIBOD‘5.0 © 53.6 1.2 1.0 | Wby 26 01 0 - f -
180.0{185.0! 5.0 - 1 52.2 1.6 2.5, WAW3 0 AT o 01 - -
© 185.0/190.0/ 5.0 , 51.0 | 1.3 ! kg i 61 ; .29 - .01 - . -
190.0{195.0{ 5.0 | 51.2 1.8 2.9 I 300037 01 -
195.0{200.01 5.0 | 50.2 1 2.0 4.4 L1 26 oL - 7 -
200.0/205.0; 5.0 | 49.8 | 2.5 | 3.9 129 | 31 0 0L - g -
205.0206.0; 1.0 | 50.0 | 1.0 5.3 | 2.0 « 60 .02 - -
206.01210.0) k.0 |, 50.2 .7 5. 1 2.08 1 92 Q0L 0 - 1 -
210.01215.0] 5.0 | 50.6 1.1 | k5 | 1.78 . 52 Q01 - | -
215.0/220.0' 5.0 | 51.6 | 1.2 3.7 : 136 | 3% ' .01, - -
220.0'225.01 5.0 - 51.4 i B8 1 3.9 1 1.38 ¢ 52 O 1 - -
225.01230. o, 5.0 1 51.01 1.7 , 2.9 - 153 & 37 02 - -
230.0/240.0110.0 o bko 1M s 239 0 W71 .05 - ] -
Composite hole 12 0.0 - 240.0
0.025%  NapO
0.16% K0

.

Other Limestone Deposits in Windy Creek Area

Tocation and Accessibility

Numerous other limestone deposits of the same age and type as that of Windy
limestone are in the Windy Creek area. The location of the deposits sampled in
1949 are shown on figure 35 with a prefix W before the semple number. Deposits
sampled in 1950 and located west of the above area are indicated by the sample
numbers on figure Ul.

Most of the deposits sampled were indicated to be smaller than the Windy
limestone deposit. Other deposits that approached the Windy deposit in size
were located at higher altitudes, farther from the railroad, and were less
accessible.

Description of Deposits

Semples W-1 through W-12, represent the samples taken in 1949, The
eanalytical results are given in table 45. Samples W-7 and W-8 were cut obliquely
across a single limestone body near Little Windy Creek. The analyses of these
samples indicate a limestone whose magnesia is too high to merit additional
exploration when the size of the deposit also is considered.
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Samples W-1 through W-5 were taken from a secries of limestone outcrops
northeast of the Windy limestone deposit. Except for sample W-1, the analyses
indicate a good grade of limestone. Iateral extent of the deposits is small.
Inasmuch as these bodies lie above an altitude of 3,200 feet, access to them
would be more difficult and expensive than to the Windy deposit.

Sample W-6 was taken from an isolated outcrop of limestone at en altitude
of 3,800 feet, which forms a pimnacle between Bain and Little Windy Creeks. The
indicated grade of the limestone is good, but its relatively rcemote location
and its small size discourage further exploration.

Samples W-9 through W-12 were taken from narrow outcrops of cherty limc-
stone occurring along the course of Bain Creek. It is possible that the limc- 2
stone found in these ledges could be used in the production of portland cement,
but their small size and unfavorable location discourage further investigation.

The analyses of the samples taken during the 1950 field season are included
in table 46; their location is indicated in figure 41.

TARLE 46. - Iimestone analyses in Windy Creek area

Sample | Length Direction FPercent
No. feot sampled CaQ i MgO 53100 AloQ7q FepOy 503
W-1 21 N-S 50.95 3.7 0.7 0.8 0.30 0.06
W-2 110 N-S 53 .45 .8 1.8 1.0 .36 Oh
W-3 15 | N-S 54,70 5 .9 | 6 26 .01
Wk 150 N-S 54,20 7 15 | 65 1k .01
W-5 200 N-5 54 .00 55 1.7 | 6 .28 .01
W-6 210 N-S 52 .55 5 48 L .18 .01
W-T 150 | NE-SW 50.95 2.95 1.8 1.35 43 01
W-8 150 | NE-SW 49,20 4,95 1.0 .85 36 .01
W-9 95 N-S 52.25 A 5.0 . 17 01
W-10. 125 N-3 Ll 25 b5 116.2 1.8 .50 07
W-11 50 N-S 47.60 i 10.4 1.7 37 .08
W-12 45 N-8 42.75 A5 118.7 2.0 A0 02
153 25 N-S 50.9 .1 5.5 .7 1.38 0 -
15k 20 N-S 55 .2 05 1.k 3 20 | -
155 80 N-S 51.8 1.85 1.7 Wi 28 0 -
157 162 N-S 54,9 .05 T 25 A5 0 -
158 150 N-8 5h.Y .15 .7 2 18, -
159 180 N-S 55 .2 05 T 3 .17 i -
160 100 N-S 55 .2 .05 5 .15 B
162 25 N-3 55 4 .05 .7 25 25 -
168 165 N-S 5.0 5.25 5.0 1.k S0 0 -
169 150 N-S 50.2 1.5 2.5 1.15 i ; -
170 125 N-S 51.8 A k.0 L5 2 -
171 115 N-S 52 .4 .05 5.k L6 A3 -
172 72 N-S 47.6 05 (11 | .85 33 1 -
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Samples, 171 and 172, were taken from the limestone pimmacle between Bain
and Little Windy Creek. The strike of the lens of limestone forming this
pinnacle is N. 65° E. The dip is 60° SE. The limestone in this deposit is
fine-grained and medium to dark gray, with mamny narrow veinlets of calcite.
Where exposed, the limestone is fractured and badly weathered.

Three samples - 168, 169, and 170 - were taken across the face of a lime-
stone bluff on the west side of ILittle Windy Creek approximately 1-1/2 miles
west of the Windy limestone deposit. This limestone is very similar to that
of the deposit drilled. It is gray to dark gray and fine-grained, and contains
thin seams of crystalline calcite. Some interbedding with shale was noted near
the footwall of the deposit. The magnesia content of this deposit is very
erractic; often it is above the limits allowed for the production of portland
cement,

A series of outcrops along the slopc on the left limit of Windy Creek appears
to form two thin, parallel beds of limestone. These deposits are approximately
l~l/é miles north of the ranger cabin on Windy Creek and 6-1/2 miles by trail
northvest of Cantwell. The altitude of the outcrops ranges from 3,300 to 3,900
feet., The general strike of the outcrops is N. 30 E. The beds dip T0° to 80°
to the southeast. Four samples, whose locations are shown in figure hl, Were
taken from the outcrops in this area. These samples - 153, l5h, 155, and 162 -
were taken from individual exposurcs. Scveral similar outcrops were not sampled.

Another series of outcrops 1s on the ridge parallel to, and on, the right
limit (south side) of the West Fork of Windy Crecek above its confluence with
Windy Creek. Four samples - 157, 158, 159, and 160 - were takan in this area.
The sample locations arc shown on figure 41. The first outcrop is 2 miles west
of the ranger cabin. The series of outcrops extend from therc 2-1/2 miles Yo
the southwest. The strikes of the deposits range from S. 702 W, to S. 850 W.
The beds dip 60° to 759 southeast. The largest outcrop in this area is second in
size only to the Windy limestone deposit, which it rcesembles., The outcrops are
composad of highly fractured, fine-grained, gray to dark-gray limestone, which
contains numerous veinlets of calcite.

Poggy Pass Limestone

Location and Accessibility

The limestone deposit near the hecadwaters of the West Fork of Windy Creck
has been called the Foggy Pass limestonc deposit (figs. 41 and 42), This deposit
is approximately 15 miles northwest of Cantwell, Alaska. A tractor trail can
casily be built to the deposit by extending the tractor trail that now connects
Cantwell with the ranger cabin on Windy Crecek.

Physical Features

Phe limestone deposit is mear the head of a wide, glaciated, U-shaped,
north-south valley at thc entrance of Fogey Pass (fig. 4l1). Near the entrancc
of Foggy Iass, the West Fork of Windy Crcek swings east until it joins Windy
Creck, which also heads in the mountains to the north. Below the confluence,
Windy Creck continues southeastward until it enters the Jack River.
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Mountains in the area are stoep and often bare of vegetation. The Foggy
Pass limestone deposit forms a steep, northeast-trending ridge that is bisected
by the West Tork of Windy Creek.

General Geology

The Foggy Pass limestone deposit is the eastern end of a band of Middle
Devoniaen limestone, [/ which is exposed from east of the West Fork of Windy
Creek to the head of Bull River. The limestone is a part of a series of
metamorphosed sedimentary rocks composed of shale, argillite, conglomerate,
limestone, guartzite, slate, and graywacke.

Description of Deposit

The outcrop is composed of gray, recrystallized limestone. Folding and
contortion are evident, but the limestone does not appear to be fractured or
broken, as are the other limestone deposits in the Windy-Foggy Pass area.
Figure 42 is a plan map of the Foggy Pass deposit; 1t shows the locaticns of
the Bureau of Mines samples.

The total horizontal width of the limestone, as exposed along the valley of
the West Fork of Windy Creek, is approximately 3,000 feet. The strike of the
deposit generally is east and west. The beds dip LO° to 80° south.

Five samples, 163, 164, 165, 166, and 167, were taken of the Foggy Pass
deposit at the locations indicated on figure 42. Sample 163 was collected from
the talus slope on the left limit of the creek; it represents the entire width
of the outcrop. Three samples, 165, 166, and 167, were taken along the creek
bank. An average of these three samples also reprcsents the entire width of the
doposit. Analyscs of the Fogey Pass sampleos arc given in table 47, as follows:

TABIE 47. - Fogey Pass limcstons analyses

Sample | Length Percent
No. Teet Ca0 | MgO Si0p 1 Aln03 Fao03
163 3,000 51.4 1 0.35 4.1 1.15 0.43
164 1,000 7.1 75 7.7 2.2 68
165 1,200 49 .8 25 5.9 1.6 B8
5.4
k.0

166 1,100 50.3 65 1.6 S5l
167 1,100 51.4 b 1.3 .50

Sodium and potassium oxides on all of the above samples were less than 0.01 per-
cent .

West Fork of Chulitna River Area limestone

Location and Accessibility

The West Fork of the Chulitna River area is in the Broad Pass region on the
south slope of the Alaska Range. The two principal limestone deposits, at the
heads of Long and Copeland Creeks, are, respectively, west and southwest of the
Golden Zone mine (fig. 26).

7T/ Work cited in footnote 2, p, 102,
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A road down the West Fork of the Chulitna River connects the Golden Zone
mine to the Alaska Railroad at Colorado Station, but the limestone deposits are
in a different drainage system, consequently they are not easily reached. If
necessary, roads can be constructed up Long and Copeland Creeks, but bridges
across the main Chulitne River will be required. Both creeks have cut narrow
gorges along their lower courses.

Physical Features and Climate

Both Long and Copeland Creeks head in the mountains south of the West Fork
: of the Chulitna River and flow southward to Join the Chulitna River. U-shaped
valleys and brajded silt-ladened rivers are signs of the glaciation this arca
' has undergrone.

In the vicinity of the limestone outcrops, the mountains slopes arc stecep
and partly covered with talus. Vegctation at this altitude consists entirely
of the low brush, grass, and moss commonly found above timberline in this part
of Alaska.

Precipitation in the district is approximately 35 inches a year. Snowfall
is frequent from September to June. During the summer months, rain and fog
occur fregquently. Temperature extremes are reported to have ranged from a high
of 90° F. to a low of -50° F.

General Geology

Both limestone beds that were sampled have been assigned by ROSSZQ/ to the
Triassic period. The rocks representing the oldest formation in the arca are
metamorphosed sedimentary rocks that probably are Devonian. Above thesc is s
serices of Carboniferous rocks composed of argillite, tuff, chert, lava, and
limestone that have been classified lithologically into several units. The
Triassic limestone and argillite lie above the Carboniferous rocks.

Description of Deposits

Two area of limestonc in the West Fork of the Chulitna River arca were
sampled as a possible source of limeston.e for the production of portland cement
(fig. 26). The first arca is 4 miles southwest of the Colden Zone minc between

' Long Creek and the head of Copeland Creek. A sketch of this deposit showing the
sample locations is shown on figure 43.

The limestone in this outcrop is white to gray and fossiliferous. The
fractured and weathered limestone is interbedded with shales and siliceous
material. The limestone outcrop cuts across a ridge at a slight angle and is
exposed in steep cliffs along both sides of the ridge. Slopes below the cliffs
are mantled with limestone talus.

The general strike of the limestone beds is N. 60° E. to N. 70° E. The
beds dip 60° to 70° northwest. The hanging wall of the deposit is black argillite
and shele of unit C; the footwall is red shale from unit A.

78/ Work cited in footnote 13, p. 293.
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The second area is at the head of Leng Creek, 3 miles southwest of the
Golden Zone mine. Here an outerop of crystalline limestone was mapped by Ross79/
in an area of Triassic limestone. The inferred outline of this deposit is
shown on figure 4l in dashed lines. Limestone outcrops sampled by the Bureau
of Mines are designated by sample numbers and solid lines.

The limestone outcerops are very prominent, white to gray, and the limestone
is extremely fractured and weathered. This limestone is also fossiliferous.
The gencral strike of the deposit is N. 25° E.

Seven samples, 185 through 191, were taken across the width of the deposit
illustrated by figure 43. Analyses and trie widths of the samples arc given
in table 47. One sample, 192, was taken of the red shale, which forms the
footwall of the deposit. An analysis of this sample is included in table 47.

A total of 10 samples, 173 through 182, was taken of limestone outcrops
in thec second area (fig. 4h). Two of these, 174 and 179, werc taken from out-
crops of the limestone surrounding the zone of crystalline limestone. Analyses
of all samples are given in table 48,

TABLE 48. - Analycses of limestone samples from West Fork of Chulitna River

Sample Length Percent
No. feet CaQ L _MzQ_ —t 8L AJ203 o Fep03
173 160 54,0 1.1 1.1 = 0.53 : 0.37
174 125 53.8 ! b 2.7 ' .83 : 37
175 200 54,5 6 1.5 1 .76 ; 34
176 100 0 sk 30! 1.7 69 j 31
B S < To I R (7O .9 10.0 3.4%0 ! 1.4
178 170 1 s2.k .7 2.6 1.36 | 5k
179 170 | 53.4 6 2.6 1.10 ; L0
180 75 1 53.5 5 2.k ( 1.05 ; 45
181 173 1 526 T 3.2 | 1.6k ! 66
182 175 L Bl.6 | .8 , 3.5 t 1.87 [ .63
185 100 50.8 ; 01 5.9 i 1.79 ‘ Sl
186 35 0 53.0 .1 37 1 97 23
187 65 , .2 1 10.8 ; 1.52 § .28
188 60 i 37.6 | .1 22.8 | 5.25 9 1.35
189 70 ¢ k7o A1 0 104 ;2.3 : 57
190 5 i 50.6 .1 | 7.2 i 1.52 ; A8
191 Bl o 1 19.0 P 5.5 | 1.05
92 0w 31.0 .6 26.0 i 8.0 . k.30

—_ T . f [

Fox Limestone

Location and Accessibility

A small lens of limcstone occurs in the Birch Creck schist near Fox, Alaska.
‘Fox is at the junction of the Elliott and Steose Highways, 10 miles north of
Fairvanks (figs. 2 and 3). The road to Fairbanks is well-meintained and open
for traffic throughout the year.

79/ Work cited in footnote 13, plate 25.
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Description of Deposit

The limestonec outcrops aleng the base of a slope on the right limit of
Gilmore Creek just above its conflucnce with. Goldstream. In the Birch Creek
schist, the lons of limestone is approximately 15 foet thick and can be traced
for over 300 feet along the basc of the hill, The strike of the deposit is
N. 900 B; it dips 350 W. into the hill. An analysis across the outcrop follows:

sSample Length, Porcent

No. fect |7 Cad Mg0 5iGy  Alp03 | FepO3
" T

43 15 C 29,9 ¢ 19.6 26.2 ' 0.4 L 0.3

Castle Mountain Limestone

Location and Accessibility

There is a limestone dcposit behind Castle Mountain between King's and
Chickaloon RiVQrs.QQ/ The doposit is approximately 14 miles north of the Glenn
Highway and is at lcast 3,500 feet higher. Nearly 3,000 feet of this risc takes
place in the last 2 miles.

The ares is remote and inaccessible.

Physical Features and Climate

King's and Chickaloon Rivers head in the Talkeetna Mountains north of the
Matanuska Valley and flow south to join the Matanuska River. Castle Mountain
is a flat-topped, basaltic-capped mountain between King's @nd Chickaloon Rivers
Just north of the Mgtanuske Valley.

U-shaped valleys and other evidence of glaciation are found throughout the
region.

Spruce, birch, and cottonwood grow along the streams end valleys, but
above 2,500 feet the vegetation is limited to alders and other low bushes, moss,
and grass.

The climete of the area is very similar to that of Anchorage and the Mgta-
nuska Valley but, because of the higher altitude, is slightly more rigorous.

General Geology and Description of Deposit

The limestone on the crest of the ridge north of Castle Mountain rests
unconformably upon lower Jurassic volcanic rocks.f—f&/f The main body of the

limestone sampled is frectured and marbleized end is gy to white. The high
silica analyses of the samples indicate that many of the beds are very cherty.

80/ Martin, G. C., and Katz, F. J., Geology and Coal Fields of the Lower
Mantanuska Valley, Alaska; Geol. Survey Bull. 500, pl. V.
81/ Work cited in footnote 7, pp. 32-33.
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Two samples of this deposit were taken by the Bureau of Mines from the
outcrop at 4,500 feet. The Pirst, sample 56, was taken of a fractured,
nearly white limestone near the western end of the main deposit. The second
sample, 57, was of a dark-gray limestone below the first. A the location
sampled, the beds strike N, 90 E. and dip approximately 60° N.

Analyses of the samples are given in table L9.
TABIE 49, - Analyses of Castle Mountain limestone

Sample | Iength Percent
No . feet | Ca0 | Mg0 | SlOg T Als0q Fon03
56 50 | 8.9 ‘ 6. ‘ | kb 12.9
57 | 200 4.5 S 6h O 14.6 4.6

Seldovia Limestone

Location and Accessibility

Seldovia, Alaska, on Seldovia Bay near the tip of the Kenai Peninsula,
is 16 miles southwest of Homer, Alaska. The face of the cliff forming the
point on the east side of the entrance of Seldovias Bay is composed of lime-
stone. This deposit is readily accessible by water to Cook Inlet ports
(figs. 45 and 46).

Physical Features and Climate

Vegetation and c¢limate of the Kenai Peninsula are typical of the Alaska
coastal region. Abundant stands of spruce and cottonwood, with a dense
undergrowth of devil's club, alder, willow, grass, and moss, grow along the
coast. Rainfall is abundant but not excesslve. The climate of the region is
characterized by cool summers and relatively mild winters.

Seldovia is on the coast at the north flank of the Kenaili Mountains.
Evidence of glaclation is seen in U-shaped and hanging valleys., The Kenai
Mountedins contein numerous glaciers.,

History, Production, and Ownership

The limestone deposit at the entrance of Seldovie Bay was considered a
future source of limestone for industry or agriculture as early as l9ll.§§
Soon after World War II, interest was shown in this - limestone for production
of cement, The Alaska Cement Corp. was organized, with Basil Sinclair,
Anchorage, as president and principal stockholder. Plans were made to use
coal from the extensive deposits near Homer, Alaska, and two possible plant
sites were located. One site was edjacent to the limestone deposlt; the
other was on the spit at Homer, Claims on the limestone deposit and mill
sites were filed by Parker A. Lyle and Cherles B, Abbott, Anchorage. These
locations were assigned to the Alaska Cement Corp.

o2/ Work cited in footnote 6, p. 111,
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After Sinclair was unable to obtain enough capital to construct plant
facilities, he disposed of his interest in the Alaska Cement Corp. to John T.
Howell of Anchorage, Alaska. At present, June 1951, the corporation is not
active in development of the property.

No production from this deposit has becn made,

GGeneral Geologz

The exact age of the Seldovia limestone or Gray CLiff deposit is unknown.
. The limestone is part of a highly metamorphosed series of uncertain age. The
series includes schist, quartzite, and crystalline limestone.

Description of Deposit

The Gray Cliff deposit forms the end of the point at the north side of the
entrance to Seldovia Bay. The limestone, massive and crystalline, is gray to
white. The face of the deposit rises about 60 feet above mean high tide and is
exposed across the entire face of the point.

Two samples, 75 and 76, were taken at the places indicated on figure 46.
The approximate limestone-schist contact is shown in dashed lines. One 30-foot
lens of schist in the limestone on the northeast side of the point was not
included in sample 6. Analyses of samples 75 and 76 follow:

cample | Length, Percent
No. feet | Ca0 i MgO i SiCp | AlpO3 . FepOg
™ 35 500 5.0 3 0.6 0.25 © 0.15
76 75 bobh t 5.6 | .9 2 : 2
Conclusions

Limestones in the Windy-Foggy Pass area are more suitable for the cconomice
production of a limestone meeting the requirements for Portland cement than are
any other limestones that were examined in the Alasks Railroad belt.

Preliminary investigations indicate that a large quantity of limestone that
meets the requirements for the production of Portland cement may be obtained from
the Foggy Pass deposit.

Diamond drilling of the Windy limestone deposit has indicated a limestone
of erratic and often high magnesia content, which would require a complex mining
method and thorough blending to produce a limestone that would come within the
Specifications necessary for use in portland cement. This would result in
relatively high costs.

Other deposits in the Windy-Foggy FPass area may be a source of limestone
of the proper grade if the preliminary samples are indicative. However, these
deposits are smaller and more difficult to reach than either the Foggy Pass
deposit or the Windy deposit.
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Shales and Other Sources of Argillaceous Material

Introduction

In the production of portland cement, it is necessary to add a source of
alumina and silica to the limestone. Preliminary samples of alumina- and
silica-bearing rocks that are accessible to the limestone deposits were taken
during the Bureau of Mines program to ascertain if they would meet the specifi-
cations for magnesia and alkall content.

Preliminary samples wore taken of deposits in the following arcas.

Cantwell-Windy Area

Location and Accessibility. - There are numerous outcrops of shale in the
Cantwell-Windy arca that may be considercd for use in cement production.
Iocations of the shale outcrops are shown in figure 41. Several of the outcrops
sampled are along the railroad between Cantwell and Windy Creck, One exposurc
is on ITittle Windy Creck southwest of the Windy limestonc depesit. Other
cxposurcs are along the probable route of a road to the Foggy Pass limestonc
deposit.

General geology. - Most of the shale and conglomcrate formations in the
Cantwell-Windy arca south of the fault shown on figure 41 have been assigned
tentatively to the Jurassic (?).ﬁi Lesser amounts of argillite and graywackce
ara present also.

A belt of the Cantwell formation is adjacont to the fault in the vicinity
of Foggy Pass. At this locality, the Cantwell formation consists of coarse
conglomerate, sandstone, and shale.

Description of Deposits. - Jurassic (7) shale is cxposed along the Alaska
Rallraod almost continuously from mile 321.1 to mile 322. Narrow bands of
ipneous matcrial are included in the shale formation. Other similar shalc beds
outerop along Windy and ILittlc Windy Crececks and also are cxposed in thelr
tributaries.

Shale of the Cantwell formation is cxposed on the right limit of the West
Fork of Windy Creck below Foggy Pass, This shale is associated with conglomerate
and sandstone.

Several shale beds arce associated with the limestonc deposits.

Analyses of two samples of shalc associated with the limestone deposits
have been compleoted.  The results of analyses of preliminary samples by the
Geological Survay,§ﬂy/however, indieate a . plentiful supply of argillaceous
material, although some docs not meet the magnesia limitation; nearly all
contain an excessive amount of alkali.

83/ Capps, §. R., The Eastcorn Portion of Mount McKinley National FParks Geol.
Survey Bull. 836-D, 1932, p. 263.

84/ Moxham, R. M., West, W. 8., and Nelson, A. E., Cement Raw Materials
Available to the Windy Crcck Areca, Alaskas (eol. Survey Prelim. Rept.,
1951, pp. 36-37.

5103 - 124 -

«




The analyses of two shale samples from the shale associated with the
Slope deposit on the left limit of Windy Creek are given in the following table.

TABLE 50. .- Windy Creek shale analyses

Sample | Percent _
No. | Ga0 | Meo Sip | AloO3 FepO3 NapO | Xo0
156 | 0.6 @ 0.5 | 58.8 19.3 0.15 0.29 | 0.01
161 I 9.0 i .8 4 6 6.5 9.7 .59 .01

An attempt will be made by the Bureau of Mines during the 1951 field
season to delimit a shale deposit of suitable composition for the production
of portland cement.

Healy Area

Tocation and Accessibility. - The Tertiary coal-bearing formation in the
Healy River Valley (fig. ik) contains a number of shale members. The shale
deposits are readily accessible by the Suntrana coal mine branch of the Alaska
Railroad .

Description of Deposits. - The coal-bearing formation in the Healy River
Valley consists of a series of sandstones, grits, shales, claystones, fine
conglomerates, and coal beds. Two of the most prominent and persistent shale
beds were sampled.

The upper bed is near the top of the upper member of the Tertiary formation;
at several locations it is immediately below the Nenana gravel. The other shale
bed sampled lies on coal bed F approximately 1,300 feet below the upper bed.

Samples 45 and 46 were taken across the shale bed near the top of the
Tertiary formation at stratigraphic section B (fig. 15). These samples were
combined for analyses, the results of which are given in table 51. The other
shale bed sampled (sample 47) is in the same stratigraphic section but is above
bed F.

TABIE 51. - Healy River shale analyses

Sample | Percent
No. iCa0 , Mg0 { Si0p ;| Al203 Fen03 Na2Q | KoO
5.4 2.8 | 2.2 ! 58.3 { 18.3 6.1 1.58 0.20
b7 j2.0 . 13 0 612 | 16.2 6.5 71 25
Homer Clay

Location and Accessibility. - The clay bed ncar Miller's Landing in the
Homer ares was sampled as a source of argillaceocus material for use with the
Seldovia limestone in the production of cement. This deposit was sampled
because of its location adjaccont to the town of Homer and because of its
accessibility, by barge on Cook Inlet to Anchorage or by the new Sterling High-
way to both Anchorage and Secward. Homer is on the north shore of Kachemak Bay
near the tip of the Kenai Peninsula.

5103 - 125 -




The location of the clay outcrop near Miller's Landing is shown on figure
18.

Description of Doposit. - A 30-foot bed of blue clay outcrops 0.8 mile
south of Miller's Landing in the bluff along Kachemak Bay east of Homer,
Alaska. The clay lies between two coal bwds near the top of the stratigraphic
section shown on figure 19. At this locality, the formation dips gently
northward.

Sample 77 was taken across the 30-foot thickness of this clay bed. The
results of analyses follow:

bample Percant
No. CaQ MgO S510p Alp03 . Fep03 NapO | K20
17 0.5 | 1.9 60 .4 6.0 1+ 6.4 0.01 | 1.78

Conclusions, ~ Although no readily accessible argillaceous material whose
alkali contont 1s below the maximum allowed has been sampled by the Bureau of
Mines, much of the material sampled mey be used in combination with the low-
magnesia, low-alkali limestone from the Foggy Pass desposit.

The Bureau of Mines was to attempt to delimit a deposit of argillaccous
material with less than 3.2 percent magnesia and 0.6 percent conbined alkali.

Gy psum

Introduction

In the production of cement, a small amount of gypsum is added to control
the set. Gypsum prevents a quick sct and insurcs a uniform, dependable product.
The gypsum is added to the clinker before it is ground to the finished product.

Enough gypsum (CaS0L2Hp0) is added to furnish a maximum of 2 percent SO3
in the final product. Inasmuch as the clinker already my contain up to 0.5
percent 803 derived from the fuel, limestone, and shale, the amount of gypsum
added must be controlled closcly. Each barrcl of cement (376 pounds) requirocs
9 to 12 pounds of gypsum.

ly one deposit of gypsum is known to occur in the Alaska Rolilroad belt.
This deposit is ‘at Sheep Mountain on the Glenn Highway.

Location and Accessibility

The gypsum deposits on the south slope of Sheep Mountain are approximately
1 mile north of milec 113 on the Glemn Highway. Thc Glenn Highway is paved
and open for travel throughout the year. Sutton, thc nearecst station on the
Alaska Railroad, is 51 miles west of Sheop Mountain.

Only onc of the smaller deposits (No. 6) cen be reached by a rough truck
road (fig. 13). The others arc at highor altitudes and are more difficult
to reach.

5103 - 126 -




Physical Features and (limate

Sheep Mountain is an isolated, northeast-trending ridge on the north side
and near the head of the Matanuska Valley. The Matanuska River flows westward
between the Chugach Mountains on the south and the Talkeetna Mountains on the
north. Sheep Mountain is separated from the main mass of the Talkeetna Mountains
by Caribou Creek and its tributary, Squaw Cresk.

Sheep Mountain is over 6,300 feet high; its slopes are steep and often
barren. Evidences of glaciation are seen in the U-shaped valleys and glacial
moraines in the district. The Matanuska Glaclier is within a few miles of the
gypsunm deposits.

The climate at Sheep Mountain is more nearly that of the interior valleys
of Alaske. Summers are warm and winters long and cold. The mean annual
temperature at Sheep Mountain is 29.1° F. Amnual mean precipitation, which
falls mainly from July through November, is 10.43 inches.

History, Production, and Ownership

The gypsum deposits on Sheep Mountain were originally discovered by George
Fennimore of Anchorage, Alaska. In 1948, the mineralized zone was partly
covered by a group of 14 claims held by the Alaska Gypsum Queen Corp. The
stockholders of the Cypsum Gueen Corp. are George Fennimore, Nellie Fennimore,
and Leland Johnson of Anchorage and Bob Clem of Palmer, Alaska. The property
vas leased to the Anchorage Gypsum Products Co. The Anchorage Gypsum Products
is owned by George Fennimore, Don H. Goodman, and Ed Johanson of Anchorage.

Anchorage Gypsum Products was interested in the production of building
materials containing gypsum, especially wallboard. In September 1948 the
Bureau of Mines made a preliminary investigetion of the gypsum deposits and
procured an 800-pound sample from deposit 6 for metallurgical testing.

During the summer of 1949, the Geological Survayg_i/ mapped and sampled
the area containing the gypsum deposits.

Approximately 50 tons of calcined gypsiferous material has been produced
from deposit 6.

General Geology

The gypsum deposits at Sheep Mountain occur in an altered phase of the
Jurassic Talkeetna formation .86, This formation consists of interbedded
volecanic rocks. The volcanic rocks in the vicinity of the gypsum deposits have
been altered to greenstone, gypsum, and gypsiferous quartz-sericite rock.

__85 / Eckhart, R. A., Gypsiferous Deposits on sheep Mountain, Alaska: Geol.
Survey mim. rept.; 1950, 31 pp.
86/ Work cited in footnote 12, pp. 16-17.
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Description of Deposits

There are six areas of gypsiferous material on Sheep Mountain that were
mapped as units and in detail by Eckhart. (Fig. 13 in this report is modified
from Eckhart's fig. 2)07 7/ The gypsiferous areas contaln gypsum as irregular
lenses and narrow veins, scattered grains and earthy masses of gypsum, and
altered country rock.

Deposit 1 is on the ridge between Gypsum and Yellow Jacket Creeks at
4,500 feet. Deposits 2, 3, b, and 5 are exposed along the slope on the left
limit of Yellow Jacket Creek at approximately the same altitude.

Deposit 6 is in the gulch formed by Gypsum Creek at 3,500 fewat; it is the
only deposit accessible by truck.

During the cursory examination of the gypsum arca by the Bureau of Mines
in 1943, the main attention was peid to deposit 6, which was the most accessible
and from which Anchorage Gypsum Products had made some production. Because the
deposit contained considerable impurities in the form of altered country rock,
8 large sample, C, was submitted for beneficimtion tests. Two small samples,
A and B, were taken of small but high-grade gypsum lenses in deposit 1.
Anslytical results of these samples are given in table 52.

TABILE 52, - Analyses of Sheep Mountain gypsum

Sample | Thickness, Percent , ‘
No. feet Ca0 | 803 | 8i0p | Rp03 | Mgl NaCl | H20l/ CaS0L2 /
4 1.5 2h,1 ) 3k 1211 ] 3.2 0.1 0.29 | 1h.9 58.5
B 2.0 27.5 1 39.9 | 11.2 | 2.7 .15 A6 1 16.9 66 .8
c ! 10.0 4.2 ; 20.1 | 38.1 |13.4 75 21 ! 8.5 34 .5

1/ Combined water.
2/ calculated CaSOl.

The sample submitted for beneficiation was found to contain 24 percent
gypsum and 28 percent alunite. These facts made calculation of the test results
from assays meaningless because several sulfate alumina and caleium-bearing
minerals are present; furthermore the water of crystallization of gypsum is very
unstable. The results of a microscopic study of the orc indicated that the
gypsum particles are all minus-100-mesh and that most of them are minus-200-mesh.
The elunite particles are somewhat coarser, but all are minus-65-mesh. The
country rock particles range in size from 20-mesh to minus-200-mesh. To liberate
these minerals from one another, the ore will have to be ground at least to
minug-~ 100-mesh. The result of this preliminary information indicetes that the
Sheep Mountain gypsiforous material, as represented by the sample from deposit §,
is not a very promising source of gypsum because of its low-grade, finely
crystalline nature and complex mineralogy.

&7/ Work cited in footnote 83, Tigures 2 and 3.
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Conclusions

The Sheep Mountein deposits of gypsiferous material cannot be used as a
source of low-cost, high-grade gypsum for cement preduction.

AGGREGATES

Netural aggregates are exceedingly plentiful in Alaska. Erosion has
produced an abundance of sand and graevel that is so essential not only for
concrete but for all modern ¢onstruction programs, Because of their plentiful
supply and past performance in use, no samples were taken by the Bureau of
Mines .

5103 - 129
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