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Errata 

(Gypsiferous deposits on Sheep Mountain, Alaska) 

The following statement should appear on the title page and accompany-

ing maps: 

"This report and accompanying illustrations are 
preliminary and have not been edited or reviewed 
for conformity with U. S. Geological Survey standards 
and nomenclature.10 

page 1, paragraph 1, lines 2-3--read Sheep Mountain is a high east-trending 
ridge 

paragraph 1, line 5--for Tahneta read Talkeetna 

paragraph 3, line 5--for Johansom mad Johanson 

paragraph 6, line 4--for (ss fig. 2) read (see fig. 2) 

", line 6--for area read areas. 

page 2, paragraph 1, line 9--road patches of Pleistocene(?) conglomerate--

2, line 3--read rocks in the Talkeetna formation of Jurassic 
age. 

It 4,11tes 4-5--read plagioclase feldspar (ranging in com-
position from andesine to labradorite), 

tt 5, line 2--for olcally read locally 

page 3, paragraph 1, line 1--for constitutes read constitute 

tt 4, heading--for Zone of alternation read Zone of alteration 

tt 4, line 4--read near the south base of the mountain and 
crosses the crest of the mountain near the 
headwaters--

page 4, psragraph 1, line 1--for stringers of gypsem intricately out read 
stringers of gypsum intricately cut--

tt 4, line 6--for olinozoisite read clinozoisite 

It 6, line 6--for feldspare read feldspars 

ft 6, line 8--for clay read clay mineral 

(continued on second sheet) 

https://nomenclature.10


 
page 5, paragraph 7, line 4--for Actigorite read Antigorite 

1L-V 6/6 
---- page 6, paragraph 2, line 3--for It amy form re It may form--

# 3, line 2--for enriched with with gypsum read enriched 
with gypsum--

page 6, Table 1.--for Water analyses of Gypsum and Yellow Jacket Creeks 
read Water analyses of Gypsum and Yellow Jflcket Creeks* 

page 8, paragraph 1, line 2r-for parrallel read parallel 

11 line lv-for so much as read as much as--

page 9, paragraph 3, line 3--for and 10 of the remainder read and 10 percent 
of the remainder--

page 10, paragraph 3, line 5--delete persistent 

It 7, line 3--for reverse fault previosly read reverse fault 
previously--

page 11, paragraph 1, line 2--for The greenstone in read The greenstone to--

page 18, paragraph 1, lines 5-6--read The mixture was then heated for half 
an hour, decanted, fresh acid of the 
same normality added, and heated again 
for half an hour. Care was taken--

It 1, line 9--for residur read residue 

page -19, paragraph 1, line 3--for contituents read constituents 

page 20, paragraph 5, line 1--for As preIiosly stated read As previously 
stated--

end 

Duplicating Suction, Department of the Interior, Washington 25, D. C. 1910 



INTADUCTIO-11 

Gypsiferous deposits occur on the south side of Sheep fountain, 112 miles 
northeast of Anchorage via the Glenn Highway. Sheep flountain is a high east 
trending, ridge, approximately 10 'a-les long and 3 miles wide. It is bordered 
on the west by Caribou Creek and on the east by Tahneta Pass. To the north it 
is isolated from the Tahneta i4ountains b7 the valley of Caribou and Squaw 
Creeks, and from the Chugach Mountains to the south by the valley of the iiat-
anuska River. 

Two creeks, Gypsum and Yellow Jacket, have incised V-shaped gulches, 1500 
to 2000 feet deep, in the area of the gypsiferous deposits. The sides of the 
gulches are steep.300 to 45°. Outcrops within the area examined are plenti-
ful although talus is common and locally very thick. Ilhere resistant rocks 
are exposed, sides of the gu'ches steepen to cliffs and man,areas of outcrop 
are not accessible. Routes of access over the area are largely confined to 
tab's, areas of soft gypsiferous rock, and the bottoms of ravines. 

Claims were located by George H. Fennimore in 1946. Fourteen claims are 
presently (1949) held by the Alaska Gypsum Queen Corporation (Mrs. George H. 
Fennimore, President, George H. Fennimore, and Leland Johnson, all of Anchorage, 
and Robert Clem of Palmer). The claims are leased to the Anchorage Gypsum 
Products Company (Don Goodman, Edwin Johanson, and George Fennimore). 

Improvements include two dirt roads from the Glenn Highway to the mouths 
of Gypsum and Yellow Jacket Gulches and a road to a proposed mill site at the 
base of the mountain. A small calcining plant (homemade) and two log cabins 
are located on the alluvial fan between the highway and the mountain. In 1947, 
50 tons of calcined product were produced from the gypsiferous deposit at the 
mouth of Gypsum Gulch. In 1948, 50 tons of clay from a clay deposit at the 
mouth of Yellow Jacket Gulch IJere used by a brick plant in Anchorage in the 
manufacture of fire brick. Five tons of the clay were used in Palmer as boiler 
lining. 

In 1947, G. M. Flint, Jr., of the Geological Survey, mad, the preliminary 
examination of the gypsiferous deposits. In 1948 the U. S. Bureau of Iiines 
collected samples of gypsiferous rock and performed metallurgical tests on them 
in its Salt Lake City laboratory. 

During part of the summer of 1949, an area about 1* miles square was ex-
amined for gypsiferous deposits. Geologic features were plotted on a special 
topographic map prepared by the Tonogra-)hic Division of the Geological Survey; 
scale 1:12,120 and contour interval 100 feet (ss fig. 2). Detailed geologic 
and topogra-,l'ic naps, scale 1:1,200 and contour interval 20 feet, were compiled 
to include the six most promising area of gypsiferous rock (see fig. 3). Con-
trol for the detailed raps wis est, bl5shed by plane table and alidade traverse 
from Coast and Geodetic benchmarks along the Glenn Highway. Details were mapped 
.by tape and compass. The ,letailed maps were made by R. A. Eckhart and G. Fenni-
more (field assistant) and checked irk the field by G. 0. Gates. The 1:12,120 
scale nap of the area was conniled by Gates and Eckhart. 
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GZ,OLOGY 

Sheep iviountain is madQ up of a thick section of layered volcanic rocks 
of Jurassic age. Within most of the area mapped these rocks have been in-
truded by a large number of mafic dikese. The volcanic rocks have undergone 
alteration to the extent that they are now greonstone. Locally the green-
stone has been altered to irregular masses of gypsiferous rock and quartz-
sericite rock. Along part of the south base of the mountain, faulting has 
placed the sandstone and shale of the Watanuska formation of Upper Cretace-
ous age in juxtaposition with the volcanic rocks. The only younger rocks 
comprise patches of Pleistocene conglomerate that once partly filleu the 
gulches of Gypsum and Yellow Jacket Creeks and the alluvial fans built by 
these creeks. 

Talkeetna fora ion 

The volcanic rooks comprising Sheep Mountaia consist largely of inter-
bedded tuffs, lavas, and volcanic breccias. Paige and Knopf 2/ included these 

1/ Paige, Sidney, and Knopf, Adolph, Geologic Reconnaissance in the iatanuska 
and Talkeetna Basins! IL 3. GeoL Survey Bull. 327, pp, 16-17, 1907. 

rocks of Talkeetna formation in the Jurassic ageo This formation has a wide 
distribution in and adjacent to the upper i.iitanuska Valleys During the early 
reconnaisance in 1906 a quartz diorite boss was mapped as being present in the 
area in which the gypsiferous deposits occur This'quartz diorite mass" was 
not recognized anywhere within the area covered by the present investigation. 

Where mapped the tuffs and breccias are light gray, gray, and greenish-
gray in color. They are well bedded, with beds of tuff ranging from several 
inches to more than 20 feet thick and beds of breccia as much as tens of feet 
thick. 

The tuffs are wall consolidated, compact end in part, if not wholly,water 
laid. They assist of rock and mineral fragments embedded in an aphanitic matrix. 
The rock fragments are mainly andesite and diabase. The most common mineral 
constituents are quartz, plagioclase feldspar ranging in composition from ande-
sine to labradorite, chlorite and serpentine minerals. The latter two minerals 
have replaced almost ell the original ferromagnesian minerals and the aphanitic 
matrix. Some of the feldspar has been altered to all aggregate of albite, clin-
ozoisite and prehnite. Thin seams of calcite, local secondary quartz and dis-
seminated pyrite are 'not uncommon in these rocks. 

A few thin beds of black carbonaceous shale and tuffaceous sandstone are 
olcally intercalated with beds of tuff. A Unio from the shale was examined by 
Dr. Teng-Chien Yen4. He reports that it is very similar to an undescribed species 
from the ivbrrison formation of northern i/lOatana and is much more likely to be of 
Jurassic than of Cretaceous age. 
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FIGURE - 4 Panorama of gypsiferous area on Sheep Mountain showing Crypsum 

and Yellow Jacket Gulches. 



Layers of breccia within the area are less abundant than layers of tuff 
and consist of angular fragments of porphyritic basalt and andesite in a fine-
grained groundmass that is largely chloritic. The fragments vary in size from 

- several inches to more than a foot in diameter. 

The lava flows, which constitutes the upper part of the layered volcanics 
in the mapped area, consist of at least several hundred feet of fresh, green-
ish-gra:7 to black basalts and andesites. L'bst of these flows are aphanitic, 
few are porphyritic, and some are amygdaloidal. The phenocrysts are usually 
labradorite and the amygdules consist of zeolites, calcite, and quartz. 

The presence of secondary minerals such as chlorite, clinozoisite epidote, 
prehnite and various serpentine minerals, indicates that the tuffs and breccias 
have undergone mild metamorphism and might be called greenstones. However in 
this report the term "greenstone" is restricted to phases of the volcanic rocks 
that have been more intensely altered to chlorite-albite-epidote rich rocks in 
the vicinity of the deposits. 

Zone of alternation 

The zone in which the volcanic rocks have been altered to greenstone, 
quartz-sericite rock, and gypsiferous rock lies within the drainage area of 
Gypsum and Yellow jacket Creeks. It extends northward from the reverse fault 
near the headwaters of the creeks. As seen from the air it is present on part 
of the north slope of the mountain. The brown, yellow, white, and red colors 
of the rocks and talus within the zone stand in striking contrast to the neutral 
hues of the tuffs, breccias and flows. 

Greenstone 

Greenstone comprises most of the rock in the zone of alteration. It is a 
light to dark greenish-gray, fine-grained rock which locally shows relic textures 
of the parent volcanics. In many places alteration has so obscured original 
textures that it is difficult or impossible to determine with certainty the na-
ture of the original rock. 

Saussuritization and chloritization were the principle processes by which 
.the greenstone was formed. Microscopic examination of several thin-sections of 
greenstone reveals that epidote, clinozoisite, albite, and prehnite have formed 
at the expense of original plagioclase feldspar. Chlorite commonly comprises a 
large part of the fine-grained matrix in which fragments of the minerals pro-
duced by saussuritization and locally badly altered and fractured original lab-
radorite are embedded. Pyroxene crystals have been largely altered to chlorite. 
Commonly the matrix between mineral grains and camposite fragments is a finely 
crystalloblastic, semi-opaque mass, composed essentially of epidote, leucoxene, 
some iron oxide and probably some fine quartz and/or feldspar. Where developed, 
sphene is commonly in the form of semi-opaque clusters which are coated by leu-
coxene. Several specimens illustrate. partial to complete replacement of olivine 
phenocrysts by serpentine minerals. The field and petrographic evidence strongly 
suggests that these rocks were originally flows of olivine basalt. 
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Numerous small pods and stringers of gypsem intricately out much of the 
greenstone and, locally, calcite and quartz stringers are present. aany of 
the stringers follow joints and shears which, along with a great amount of 
slickensiding and fracturing, are prominent features of the greenstone. Weath 
ered surfaces of the rock are stained with light to dark brown limonite. 

Dikes 

large number of mafic ,dikes cut the greenstone. abst of the dikes were 
observed along Ygllow Jacket and Gypsum Creeks. The full extent of the dikes 
was rarely traced but it is believed that many of them are continuous across 
the divide that separates the two creeks. At least several dikes cross the gyp-
siferous deposits while others, in part, border the deposits. 

0
The dikes trend northeast and dip 30° to 65 to the north. Al few dikes 

dip to the south. lost of the dikes in Gypsum and Yellow Jacket Gulches are 
less taun 30 feet thick but they range from several feet to more than 160 feet 
in thickness. Locally they are so closely spaced as to constitute dike swarms 
as much as 300 feet wide. 

The dikes are usually greenish-gray to black and of basaltic composition. 
Fairly fresh phenocrysts of labradorite and in lesser amount pyroxene and oli-
vine are commonly set in a fine-grained chleritic groundhess. Locally the dikes 
contain abundant secondary quartz. Iibst of the phenocrysts, though usually 
well preserved, are badly fractured. Locally, some of the labradorite is alter-
ed to olinozoisite and an undetermined carbonate mineral. Jome pyroxene phen-
ocrysts are replaced by chlorite and rE..rely epidote. Locally pyrite is present 
in abundance, 2=11 amounts of magnetite and apatite are also present in part 
of the dike rock. 

quartz-sericite rock 

41 quartz-sericite rock is one of the alteration products of the volcanic 
rocks. It is. intimately mixed with gypsum in tle gypsiferous deposits. In 
places the volcanic rocks are altered mainly to quartz-sericite rock to form 
irregular bodies ranging in diameter from a few feet to several hundred feet. 
One of the largest of these bodies forms .a narrow ridge jutting out. beneath 
Deposit .2 on the east side of Yellow Jacket Gulch. This is shown in figure 3. 

The quartz-sericite rock is white to light gray, fine-grained, and platy. 
Pluck of it snows relic porphyritic, elastic, or.trachytic textures.. Its miner-
alogy is variable, but quartz and sericite are its most comon and abundant 
constituents. With the possible exception of some ef.the quartz, none of the 
original constituents of the voiceales remain. The grouncirrinss has been sili-
cified and the original feldspare have been altered to seri,cite and rarely 
gypsum and clinozoisite. The small amounts of mafic minerals present in the 
original rock nave been replaced by chlorite and epidote. , iiematite and a clay 
comprise a small percentage of the rock. The presence of wxying amclunts of 
gypsum And.other soft minerals gives the rock a hardness ranging from 4 to more 
than 6. . . 
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Figure - 5 Photograph showing dikes, gypsiferous rock, 

and greenstone in Gypsum Gulch. d - dike, 

G - gypsiferous rock, g - greenstone 



Locally, small cubes of pyrite are disseminated., in the. quartz-sericite 
rock. In some outcrops surfaces of the rock are. pitted.3 The:pits are cute-
shaped and apparently formed by the leaching. of pyrite. 

Outcrops of the rock exhibit a poorly developed platy structure which is 
also shown though more poorly developed, is some outcrops of weathered greenr 
stone% 

The similarity of textures and platy structure of the quartz-sericite rock 
to those of the greenstone indicates the quartz-sericite rock is also the result 
of tae alteration of the tuffs, breccias, and flows. 

Gypsiferous rock 

Gypsiferous rock comprises the bulk of the areas mapped as ore deposits. 
It also occurs as smaller, scattered masses in tne greenstone. The composition 
of the gypsiferous rock is complex and variable. quartz and gypsum are its 
most abundant mineral contituents. Clay minerals of the kaolin group and alunite 
are usually present. Limonite and an unidentified yellow-green coating stain 
local areas of gypsiferous rock. The platy structure of the quartz-sericite 
rock is also evident in some outcrops of the gypsiferous rock% 

At the surface the gypsiferous rock is porous and fragmental or granular. 
Beneath the surface it is more compact. The rock consists largely of two inti-
mately mixed components, white fine-grained gypsum and, for lecke of a better 
term, altered rock. The gypsum occurs as blebs and irregular stringers cutting 
and cementing together fragments of altered rock The gypSum. is soft, massive 
and usually contains fine-grained admixed quartz and larger siliceous fragments. 
Good cross fiber vein structure is rare. Alunite and cubes of pyrite, up to 
1/8 of an inch in diameter, ate occasionally present. 

For descriptiVe purposes the altered rock component may be divided into 
light gray or tan variety and a dark gray variety. These colors combined with 
the white (rarely pink) gypsum and brown and yellow-green stains give the ore 
a mottled appearance% 

The light gray or tan altered rock is similar in appearance to the quartz-
sericite rock, but is usually softer and different in mineralogy. This variety 
of the altered rock is largely mixtures of fine-grained quartz and -gypsum. Al-
unite and a clay mineral are commonly present. Actigorite and/or chrysotile 
comprise a large part of the matrix of some specimens. Sericite rarely is pre-
sent as an alteration product of feldspars. In one specimen, talc appears to 
have replaced orthorhombic pyroxene crystals. In some of tae light gray or tan 
variety of altered. rock pyrite is present as disseminated cubes or its former 
presence is indicated by cube-shaped pits. Time hardness •of this Variety ranges 
from 3 to more, than 6 depending on the relative amounts of quartz and soft 
minerals present. Usually it is less than 5 in hardness. 
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The light gray or tan altered rock is commonly aphanitic but some of it 
exhibits relict porphyritic textures in which the original feldspar phenocrysts 
have bean replaced by gypsum. Small irregular masses of gypsum in some of the , 
light gray or tun altered rock suggest a relict elastic texture and may indicate 
replacement of tuff. 

The dark gray portion is hard, consisting almost entirely of quartz. Abet 
of it is aphanitic but relict porphyritic textures are seen in some of it. 
Barely, alunite is present. It amy form a considerable part of the rock, how-
ever. One sample contained as much as 35 percent of alunite. 

The exact effect of ground water on the ore has not been ascertained. 
Locally, the ore at the surface appears to have been esriched with with gypsum 
while in other places leaching appears to have taken place. Gypsum and Yellow 
Jacket Creeks are highly charged with mineral matter. Table 1 summarizes 
water analyses of those creeks by R. T. Kiser of the U. 3. Geological Survey. 

Table 1. Water analyses of Gypsum and Yellow Jacket Creeks 

(Parts per million) 

Gypsum Creek Yellow Jacket Greek 

Silica (3102) 73 78 

Iron (Fe) 0.54 3.7 
ppt Fe 54 

Calcium (Ca) 378 372 

Magnesium (mg) 268 253 

Sulfate (SO4) 2820 286o 

Chloride (C1) 5.5 3.0 

Specifi  conductance 
(KX1O

g at 2500 3410 3810 

pH 3.5 2.8 

* In addition to the constituents reported there appears 
to be-a considerable amount of aluminum in both creeks. 
N3 determinations were made for sodium or potassium. 
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 Clay. 

Clay, also a product of alteration of the volcanic rocks, is mixed in 
variable amounts with the gypsiferous rock and the quartz-sericite rock in 
most of the deposits, It is white to yellow, sticky, plastic, and is commonly 
veined by stringers of white, fine-grained gypsum. A deposit at the mouth of 
the .gulch of Yellow Jacket Creek consists in considerable part and perhaps 
largely of clay.. 

Matanuska formation 

The Z.latanuska formation of Upper Cretaceous age is exposed along part 
of the south base of Sheep .40untain. In the area mapped this formation consists 
of sandstone and shale and has been faulted down against the volcanic rocks on 
the north, 

The sandstone is greenish-gray, fine-grained, and well bedded. Individual 
layers are several inches to a few feet in thickness. They contain numerous 
Inoceramus which R. W. Imlay, U. S. Geological Survey, has determined as pro-
bably of early Late Cretaceous age. 

Black shale is exposed in a very small area just north of the proposed mill 
site at the base of the mountain. It is massive and overlies the sandstone. 

Conglomerate 

Erosional remnants of a reddish-brown conglomerate of Pleistocene (4) age 
are present in the lower parts of Gypsum and Yellow Jacket Gulches. The conglo-
merate is composed largely of subangular greenstone and some gypsiferous rock 
fragments ranging from less than an inch to a foot or more in diameter; 3 to 4 
inches being about average. It is coarser in its lower portion, *and near its 
top several layers of.fine-grained, red sandstone are present. For the most 
part the conglomerate is horizontally bedded, but beds dipping 25° to 40° south 
are also present. 

The conglomerate is believed to have been deposited when Gypsum and Yellow 
Jacket Creeks were dammed by a glacier in the Matanuska Valley. The dipping 
beds apparently represent deltaic deposition, The sediments were later cemented 
with gypsumandiron oxide that were carried in solution by the creeks. 

Structure 

In general, the volcanic rocks comprising Sheep Riountain strike a few 
degrees east or west of north and have a fairly uniform dip of about 30° to 
50 to the east. Layering is obscure and attitudes are difficult to determine 
within the area of greenstone. There is some evidence however of local rever-
sal in dip west of Gypsum Creek so that this creek follows approximately the 
crest of an anticline. 
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The large reverse fault (see fig. 2) crosses the entire area mapped. It 
trends approximately parrallel to the front of the mountain and dips steeply 
northward. The soutaern side is downthrowa. Coalparison of the sequences of 
rocks north and south of the fault suggests a minimum vertical displacement 
of about 1.500 feet. • 

The fault is best exposed on the east side of Yellow..Sacket Gulch. There
o

it strikes N. 60 E. and dips 72° north, forming a steep scarp as much as 100 
feet high. (see figs. 8 and 9). Near the fault the volcanic rocks on the down-
thrown side are overturned to the north. Greenstone, containing the gypsiferous 
deposits, co.aprises tae upthrown side. A band of white clay, several feet wide, 
borders this side of the fault. 

south of this fault a normal fault has downthrown the sandstone and shale 
of the liatanuska formation against the volcanic rocks to the north. 

Locally, the greenstone is broken by shear zones so much as four feet wide. 
These shear zones trend northeast more or less parallel with the.dikes. Along 
the shears gypsiferous and limonitic alteration has usually taken place. 

GYPSIFEROU3 DEfO5ITS 

Description of Deposits 

What are believed to be the largest and most promising deposits of gypsi-
ferous rock are the six mapped in detail. Their locations are shown in Figure 

The deposits are closely associated with dikes and although their shapes 
are irregular, at least to some degree, shape is controlled by the attitude of 
the dikes and the enclosing greenstono. Rhsses of quartzsericite rock and 
greenstone, ranging frog less than a foot to tens of feet in size, are found 
within the deposits. Their presence is unpredictable. These masses are intri-
cately cut by stringers and small.pods of gypsum. pyrite is abundant in many 
of the greenstone masses. The change from greenstone to relatively high grade 
gypsiferous rock may be abrupt and take place within a few inches. A narrow 
limonitic zone usually separates the greenstone and the gypsiferous rock. The 
change from greenstone to gypsiferous rock may also be gradational through a 
zone of quartz-sericite rock. 

laich of the gypsiferous rock of the de-posits lies beneath talus several 
feet to 10 or more feet thick. Where the talus is several feet thick it con-
sists largely of small angular greenstone fragments in its upper part and layers 
of vari-colored clay and gypsiferous rock fragments, that are often banded in 
texture and color, in its lower part. The lack. of greenstone fragments in the 
lower part sugLests the layers formed by fragmentation of Undeilying gypsiferous 
rock and movement downslope. Thin, Marro la spacedstone'stripes are not uncommon 
on the surace of the talus. 
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FIGURE - 6 Photograph showing greenstone pods in 

northern part of Deposit No. 1. G -

gypsiferous rock, g greenstone. 



FIGURE - 7 Photograph showing dike cutting gypsiferous 

rock and pods of greenstone in Deposit No. 1. 

d - dike, g - greenstone, G - gypsiferous 

rock 



 

Permafrost was reached .n feet vertically below ground surface in the face 
of the open-cut on Deposit 2 and 62 feet vertically below ground surface in the 
face of the open-cut on the east slope of Deposit 1. 

No. 1 

This deposit is oa the crest of the ridge between Gypsum and Yellow Jacket 
Creeks, largely between 4,400 and 4,600 feet in elevation. The deposit is comr-
pletely enclosed by greenstone. 

The northlivestern part of the deposit was mapped as gypsiferous rock con-
taining small greenstone masses. These masses are estimated to ccuprise 50 
to 60 percent of this area and 10 of the remainder of the deposit. Figure 6 
shows typical greenstone pods in the northern part of the deposit. 

An irregular mass of quartz-sericite rock, about 100 feet long and 35 feet 
wide, lies between the gypsiferous roci. and the surrounding greenstone at the 
south side of the deposit, 

One of the dikes cutting tiie enclosing greenstone was traceable into and 
through most of the deposit. The dike also cuts several greenstone pods within 
the deposit. It is badly weathered and limonitic stained at tae surface, The 
contact between it and the gypsiferous rock is very sharp. Figure 7 shows the 
relationships of tne dike, 

The contact between the ore and the greenstone at the north end of the 
deposit is concealed by thick talus. It is possible that the deposit extends 
some distance northward under this cover. However. a short distance north of 
the mapped contact greenstone is known to underlie the talus. 

No. 2 

Deposits 2, 3, 4, and 5 (figs. 3 and 8) comprise a discontinuous zone of 
ore roughly 2,400 feet long and 700 feet wide on the east side of Yellow Jacket 
Gulch. 

Deposit 2 is near the northwOt end of thebs zone. It crosses a spur between 
elevations of about 4,500 feet and 4,640 feet. In outcrop it is about 300 feet 
long and 100 to 200 feet wide. Parts of the deposit are covered with talus and 
soil creep as ;.such as 8 feet thick. The nature of the bedrock and the positions 
of contacts were deterthned by digging pits. 

At the east side and at the west side of Deposit 2 the gypsiferous rock 
grades into quartz-sericite rock which contains some gypsum. The relation be-
tween the traces of tne contacts between the gypsiferous rock and the quartz-
sericite rock and the attitude of layered volc,Anic rocks a few h,ndred feet north 
suggests that quartz-sericite rock in part forms the bottom and the roof of De-
posit 2. A basalt dike which dips to the north forms the southeastern boundary. 
The deposit is bounded on the north and south by greenstone. 

9 



Deposit 2 appears to contain the least'number of pods and blocks of green 
stone. A body of porphyritic basalt 50 feet long and 20 feet wide is exposed 
near the center of the deposit. The basalt shows little evidence of alteration 
although it is veined by several stringers of gypsum. Its contact with gypsi-
ferous rock is shain and marked by a thin band of clay and gypsum, 

No. 3 

Deposit 3 is southeast of Deposit 2; the two deposits being separated by 
a large area of thicic talus. Apparently, the geology beneath the talus is simi-
lar to that on either side of it. 

In calculating tonnage, the deposit was divided into four parts, a, b, c, 
and d. These are shown in Figure 3. 4a1 four parts are covered with talus, 
part (a) being separated from the remainder of the deposit by a fairly large 
area of thick talus. The talus over the remainder of the deposit averages about 
three feet in thickness and the underlying geology was mapped by persistent 
trenching. jOwever, it should be pointed out that due to this talus the deposit, 
in part, could not be mapped as accurately as Deposits 1 and 2. 

Greenstone masses within the deposit consist largely of altered tuffs. 
Clay .and quartz-sericite rock are major constituents of tae deposit. Between 
parts (b) and (c) the quartz-sericite rock is so abundant that the area was 
mapped as a mixture of quartz-sericite rock and gypsiferous rock. 

To the south the deposit is limited by greenstone that is believed to be 
an altered tuff and, in part, a breccia. To the north a layered sequence of 
tuffs strikes:into the deposit. quartz-sericite rock is abundant at the contact 
and a few stringers of gypsum extend a short distance into the layered sequence. 
There appears to be a rough transition from the gypsiferous rock through a narro 
zone of quartz-sericite rock to the well bedded, mildly altered tuffs. The 
transition takes place within tens of feet. several small shears occur in the 
tuffs near the deposit but none show mineralization. 

No• 4 

Deposit 4 is southeast of Deposit 3, across a gulch incised by a tributary 
of Yellow Jacket Greek. Figure 9 affords a close-up view of this deposit. The 
face of Deposit 4 is barren of talus and is very steep with slopes exceeding 40' 
A large part of the deposit is not readily accessible on foot. Greenstone pods 
comprise at least 10 percent of the deposit and quartz-sericite rock is locally 
very abundant. 

ixo, 5 

Deposit 5 is at the- southeast end of the discontinuous zone of gypsiferous 
rock on the east side of Yellow Jacket Gulch. About one hundred feet south of 
Deposit 5 this zone is terminated by the reverse fault previosly described. 

10 



FIGURE - 8 Photograph showing location of Deposits Nos. 2, 3(in part), 4, and 5 

on east side of Yellow Iacket Gulch. 



Figure 9 Photograph showing Deposits 4 and 5. The white areas 

within the deposits are gypsifer-)us rock. g - greenstone 

pod in Deposit 4. 



The east andtest sides of the deposit are covered by thick talus. Its 
north and south sides are bordered by greenstone. The greenstone in the north 
consists of a fine-grained, pyritiferous altered tuff 

For description the deposit is divided into an upper and lower part. The 
lower part contains numerous pods of greenstone and quartz-sericite rocks The 
upper part of the deposit is covered with a thin talus and the underlying gypsi-
ferous rock is different from that observed elsewhere, It appears to contain 
considerable clay and small amounts of quartz and alunite, but the dark gray 
siliceous fragments in the gypsiferous rock of the other deposits is absents 

No. 6 

Deposit 6 is the smallest deposit mapped in detail but it is the most 
accessible of the six deposits. The deposit forms approximately a 45° slope 
on the east side of the mouth of Gypsum Gulch, The bed of Gypsum Creek forms 
the western boundary of the deposit. The north and south sides of the deposit 
are bounded by greenstone and its eastern exposure is limited by thick talus 
composed largely of greenstone fragments 

For the calculation of tonnage, the deposit was assumed to extend hori-
zontally into the side of the gulch. 

Origin 

Relict textures and structures in the greenstone demonstrate that it was 
formed by local alteration of the volcanic rocks of the Talkeetna formation. 
In some places the alteration continued beyond the stage of greenstone to form 
deposits of gypsiferous rock and deposits of quartz-sericite rock. This is 
shown by the following: 
(1) Deposits of gypsiferous rock and deposits of quartz-sericite rock are 

restricted to the zone of greenstone. 
(2) Relict textures and structures in the gypsiferous rock and quartz-sericite 

rocx can be traced into greenstonos 
(3) All gradations are present between greenstone, cut by short scattered 

irregular veialets of gypsum, and gypsiferous rock and quartz-sericite 
rock which contain residual pods of greenstone. 

The alteration of the volcLinics to greenstone, gypsiferous rock and quartz-ser-
icite rock probably was accomplished by hydrothermal solutions. 

Dikes are largely restricted to the zone of greenstone. there is no evi-
dence that the,- are younger than the gypsiferous rocic and the presence of sec-
ondary quartz in many of tie dikes suggests they are older. 

The intrusion of the dikes nd.the hyleothermEll activity probably are related 
to a single phase of igneous intrusion. 
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Grade 

A total of 60 g;psiferous rock samples were collected from Deposits 1 
through 5. They include continuous chip samples, spaced chip saiAples (a:proxi-
mate1;- one foot spacing), samples from pits and trenches dug through talus, 
and grab saldples from outcrops. The locations of pits, trenches, lines of 
samples on outcrops are shown in Figure 3. Two grab samples were taken from 
the ore pile at the calcining plant. All this material was mined from Deposit 

Pits through talus covering the deposits ranged from one foot to Si feet 
in depth, and averaged, about 3 feet. Samples were usually ti:::en from the 
bottoms of the _its. Most of the chip samples were taken fro trenches 3 inche 
to one foot deep. 

Five samples were analyzed in laboratories of the U. S. Geological Survey 
by U. J. Blake, Jr., and Leonard Shapiro. The determinations were made accord-
ing to testing methods described in A.S.T.E. Designation C 26-33, A.S.T.M. 
Standards, Part 2, 1933, modified to take into account the possible presence of 
alunite and pyrite. Table 2 gives the results of these analyses. 

Through the courtesy of the Department of Mineral Sciences of Stanford 
University in making available their laboratory and equipment, a simple acid 
soluble test iras made by the author to determfne the ap-)roximate amount of gyps 
in 56 of the ore samples, excluding the samples shown in Table 2. Table 3 sum-
marizes the results of this test. 
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Table 2 

Sample No. D1-10 D2-14 D2-17 D2-19A D2-19E 
Percent Percent Percent Percent Percent 

Si02 + Insol. 
Fe201 (Total) 

55,>64 
1.48 

44.70 
l..35 

70.24 
1.69 

6260 
2.65 

63.75 
1047 

A120 (Total) 14,27 9.31 15.59 14.24 12.29 
TiO2 (Total) 
CaO (Total) 
40 (Total) 
so (Acid solo)3503 (Acid insole) 

0.53 
9.90 
0.09 
14.14 
11.08 

0,.53 
17.54 
0.11 
25.43 
nil* 

0.53 
8,46 
0.04 
11.45 
0.37 

o.6o 
7,42 
1.57 
11.13 
9.19 

o.6o 
10365 
0.09 
15.67 

0.60 
K2Of 0.80 0.04 0.08 1.10 0.04 
N620* 1.48 0.14 0.30 1*20 0.10 
CO2 trace trace trace 0.10 0011 
Loss on Ign, 21009 13.98 10.00 18.82 11.45 
1120 (220°0) 5.91 10.94 5.21 4.42 6.92 
Gypsum (calc. from sol. SO3) 30.41 54.70 24.63 23.94 33.71 
Alunite (calc. from insole 503) 28.71 nil,. 0096 23.81 1.55 
K alunite (calc, from K20) 7.02 nil. 0.70 9.65 0.35 
Na alunite (Tbtal alunite-K alunite) 21.69 nil. 0.26 14.16 1.20 

*Alkalies with flame photometer by S. RI. Berthold. 

D1-10 continuous chip sample from face of upper 6 feet of Pit 56, Deposit 1. 

D2-14 continuous chip sample along Trench 6, Deposit 2. Trench 6 was about 
4 inches deep. 

D2-17 from Pit 23, 18 inches deep, Deposit 2* 

D2-19A continuous chip sample of the bottom 1 foot of the face of Pit 27, 
Deposit 2. Pit 27 was 8i feet deep. 

D2-19E continuous chip sample 1 foot long near top of face of Pit 27. 
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Table 3. Approxinate analyses of samples c,f gypsiferous rock. 

Sample No. 

Deposit 1: 

D1-1 

D1-3 

Dl-4 

D1-5 

D1-6 

DI-8 

D1-11 

Dl 12 

D1-14 

D1-15 

**T-trench, 
Percent 7ypsum F-pit 

31 P54 

17 P55 

36 T7 

36 T7 

37 TE3 

34 P56 

40 P57 

38 P5f. 

32 P59 

40 P59 

Depth of trench, 
or pit in feet. 

(length of sample trench) 

3.5 

2.5 

.33 (42) ) 
) 

.33 (45) ) 

.3-, (28) 

7 

.5 

7 

7 

*Location in Figure 3 

**Unless otlervise noted sample was taken from bottom of oit. 

Remarks 

Spaced chip sarriles. Dl-5 

up slope from Dl-4. 

Spaced chip sample. 

Open-cut - top of perma-
frost 6rf feet vertically 
below ground surface. 

Continuous chip sample 
along face of pit. 

Continuous chip sample of 
middle 4.5 feet of face 
of pit. 



Table 3. (Continued) 

Depth of trench 
**T-trench, or pit in feet. 

-`Sample No. Percent gypsum • P-pit (Length of sample trench) 

Deposit 2: 

D2-1 39 P1 7 

D2-2 
D2-3 
D2-4 
D2-5 

26 
25 
31 
34 

T3 
T3 
T3 
T3 

.5 to 1 (3.5) 
.5 tc 1 (9) 
.5 to 1 (16.7) )
.5 to 1 (22) ) 

D2-6 
D2-7 

33 
32 

T4 
T4 

.33 to .5.(30.5) ) 
.5 (15.5) ) 

D2-8 1('' P6 4 

D2-9 23 P7 3.5 

D2-10 25 T5 .5 to .75 (22) ) 
D2-11 
D2-12 
D2-13 

29 
51 
32 

T5 
T5 
T6 

.5 (24) 

.5 (19)

.33 (14) 

) 
) 

D2-15 32 P9 5 

D2-18 11 P26 5 

D2-19B 
D2-19C 
D2-19D 
D2-19F 

61 
30 
31 
32 

P27 
P27 
P27 
P27 

8.5 
8.5 
5 

8.5 

) 
)
) 
) 

Remarks 

Talus 6 feet thick. 

Continuous chip samples 
taken consecutively up 
slope. Above D2-2, 7 
feet of trench was not 
sampled. 
Continuous chip samples 
taken consecutively up 
slope. 

Continuous chip samples 
taken consecutively up 
slope. 

Continuous ohip samples 
up face of pit. Perma-
frost in bottom of pit. 



Table 3. (Continued) 

**T-trench, 
Depth of trench 
or pit in feet. 

*Sample No. Percent gypsum P-pit (length of sample trench) Remarks 

Deposit 3: 

37 P28 2.5 

D3-2 37 P28 2.5 Continuous chip sample up 
face of pit. 

D3-3 26 P29 1 

D3-4 34 Grab sample from outcrop 
15 feet east of P29. 

D3-6 27 P32 7 

D3-7 27 P33 7.5 

D3-8 3 P35 3 

D3-10 28 P44 2,5 

D3-11 18 P47 3 

D3-12 46 P48 2 

D3..-13 23 Grab sample from outcrop 
north of P48. 

D3 14 27 Grab sample from small 
outcrop in part. (d) of 
the deposit. 

D3-15 12 Grab sample from outcrop 
south of part (d). 

D3-17 23 Grab sample from outcrop 

D3-1S 25 
south of part (d). 
Grab sample from outcrop 
in part (c) - south of P48. 

D3-19 19 P49 2.5 



Table 3. (Continued) 

*Sample No. 

Deposit 4.: 

D4-1 

D4-2 

D4.3 

D4-4. 

Dei)osit 5: 

D5-1 

D5-2 

D5-3 

D5-4 

D5-5 

D5-6 

Deposit 6: 

D6-1 

Percent fr.vpsum 

23 

17 

29 

19 

30 

29 

30 

33 

22 

28 

26 

**T-trench, 
P-pit 

T9 

T9 

T9 

T9 

T10 

Tll 

T12 

P51 

P50 

P52 

Depth of trench 
or pit in feet. 

(tenth of sample trench) 

1 (25) 
) 

1 (15) ) 
)

1 (15) ) 
)

1 (20) ) 

.33 (15) 

.33 to .5 (12) 

.33 to .5 (1C) 

4 

3 

3.5 

Remarks 

Continuous-chip samples 
taken consecutively up 
slope. 

Continuous chip sample. 

Continuous chip sample. 

Continuous chip sample. 

Composite ,grab .sample from 
ore pile at kiln. 



 

The acid soluble test is based on the relative solubilities of alunite 
and gypsUm in dilute hydrochloric acid, The following procedure was used. The 
sample was ground to minus 100 mesh, quartered and weighed. The weighed por-
tion was added to hydrochloric acid of 0.5 normality using the ratio of 30 
milliliters of acid per gram of ore. The mixture was then heated for half an 
hour. 'are was taken not to boil the mixture during heating. After the second 
heating the mixture was filtered and the insoluble residue dried in an oven at 
a temperature of 100° to 120° Co The difference between the weight of the 
sample ana tine weight cf the residur was taken to equal approximately the weight 
of the gypsum present in the sample. 

,dicroscopic examinations of the residue of each sample tested usually 
failed to indicate the presence of gypsum. Rarely, one or two small grains of 
gysum were identified under the microscope. 

Ar. Leonard Shapiro also analyzed for gypsum the samples in Table 2 using 
the acid soluble test. Table 4 compares his results with the results obtained 
by using. modified 41.S.Toiii. methods. (Table- 7 . 

Table 4 

Sample No. D1L.10- 7 D21-.14 D2-17 D2i-19A D2-19E 

. (Acid soluble test 30.2 54.6 26.4 23.7 33.1 
Percent gypsum( 

ASTki1 methods 3041 54.7 24e63 23,94 33.71 

The quartz-sericite rock intimately associated with the gypsiferous rock, 
and the quartz, alunite and alteration minerals present in the gypsiferous rock 
are contaminating constituents of the ore. Estimates of the percent of alunite 
in the 60 ore samples collected from Deposits 1 through 5 were made by inspec-
tion of immersion mounts of the ore. Nineteen of the samples contained alunite 
in amounts ranging from an estimated 2 to 65 percent. Seven of these 19 samples 
were estimated to contain 20 percent or more alunite. Residues of the acid 
soluble test on samples in which no alunite was identified in immersion mounts 
of the ore, commonly, but not always, contained a little alunite when examined 
under the microscope° 

As seen in the material of the ore pile at tne kiln, the gypsiferous rock 
of Deposit 6 contains abundant disseminated small grains of pyrite. Very little 
pyrite was seen in the gypsiferous rock of Deposits 1„ 2, 3, 4, and 5. Some of 
the kragments of quartz-sericite rock in the ore, however, are marked by small 
cube-shaped pits. These pits probably formed by ,,he leaching of pyrite. Heavy 
mineral separations of samples D1-10, D2-14, D2-17, D2-191., and D2-19E were ex-
amined by Theodore Woodward, U. S. Geological Survey, and'the samples were found 
to contain only a negligible amount of pyrite and traces of magnetite. 
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In a sample analyzed by the Bureau . of Aines..2/, the gypsum is all minus. 

Letter from S. Ro Zimmerley to G.. D. Jermain 

1.00-mesh in size and is mostly minus 200-mesh. Tne alunite is minus 65-mesh 
and the other contitueiits of the sample range in size from 20 to minus 200-mesh. 
To liberate these minerals from one another requires grinding the ore at least 
to minus 100-mesh, This reduces the soft alunite to a dust and, therefore, a 
good separation of the gypsum and alunite by low cost methods, such as dry attri-
tion grinding and air classification, is difficult, The finely crystalline 
nature of the gypsum prohibits concentration at coarse sizes and the lack of 
significant specific gravity differences among the minerals makes gravity meth-
ods impractical. Other methods, even if applicable, are probably too costly. 

Chemical analysis of tne sample mentioned above is shown in Table 5. 
Table 5 

Assay, percent 

Ca0 §93 A1203 S102 H2O at 250C H2O at 60o0. 

10.0 24.8 14.8 29.8 5.1 10.3* 

Includes water loss at ?SOC., 

By IT attrition grinding and air classification a concentrate assaying 
41.9. percent gypsum and 24.8 percent alunite was made from this sample. A re-
covery of 52.2 percent of the gypsum and 25.9 percent of the alunite was obtain-
ed from the concentrate. 

Reserves 

All calculations of reserves are based on the assumption that the specific 
gravity of the gypsiferous rocK is 2,4 or 13 cubic feet of ore weighs one short 
ton, This specific gravity is slightly higher than that of gypsum (2.32), but 
was assumed to account at least in part for the heavier impurities in the ore, 
such as quartz (2.65) and alunite (2.6 to 2,8) 

Deposit 1: 
The northwestern part of this deposit contains 50 to 60 percent greenstone 

and is not included in the reserve calculations. It is estimated that the re-
serves calculated include as much as 10 percent greenstone, present as small 
masses throughout the gypsiferous rock. 
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Reserves were calculated by constructing five vertical sections 50 feet 
apart across the deposit at a bearing of Na 66° E., On each vertical section 

.the gypsiferous rock was assumed to bottom at a line connecting the intersection 
of the vertical section and the lower limit of gypsiferous rock on each side of 
the ridge. The reserves are considered to be indicated. 

Indicated reserves 206,0W tons. 

Deposit 2: 

Both indicated and inferred reserves were calculated for this deposit. The 
sidall masses of greenstone present in the deposit are included in the reserves. 

For the indicated reserves it• was assumed that the gypsiferous rock extends 
horizontally into the spur to straight horizontal lines connecting the points 
of intersection of contours with the mapped boundaries of the gypsiferous rock, 
For calculating reserves, the deposit is divided into horizontal blocks. The 
top and bottom of each block is determined by a horizontal plane through each 
contour. 

For inferred reserves it was assumed. that for each horizontal section the 
area of gypsiferous rock extending into the spur beyond the horizontal line 
connecting the points of intersection of each contour with the mapped boundaries 
of tae gypsiferous rock is equal to that used in calculating indicated reserves. 

Indicated reserves 92.000 tons 
Inferred reserves 92,000.tons 

Dejosit 3: 

As previosly stated, this de)osit consists of four parts, a, b, c, and d. 
Part (d) contains abundant greenstone masses and is not included in the reserves, 
'An area between parts (b) and (c), mapped as a mixture of gypsiferous rock and 
quartz-sericite rock, is also not included in the reserves. 

It is inferred that parts (a), (b), and (c) contain 100,000 tons of ore, 
much of which is quartz-sericite rock containing some gypsum. The actual reserve 
may be larger as parts (a) and (b) may be continuous across the thick talus area 
between them 

Deposit 4: 

To calculate the reserves, five vertical sections 30 feet apart, striking 
N. 750 E., were constructed across the deposit This strike is approximately at 
right angles to the strike of well-stratified, tuffaceous beds 600 feet to the 
north. It was assumed that the ore body dips 30°--about the same as the tuff. • 
aceous beds. For each section it was further assumed that gypsiferous rock ex.' 
tends down dip one-third of the length of the section.. 
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Greenstone masses are estimated to comprise 10 percent of the deposit. 
These are included in the reserves which aye considered to be inferred. 

Inferred reserves 73,000 tons 

Deposit 

Reserves for this deposit were calculated by the sacae method as for Deposit 
4 and are based on the same assumptions. 

Inferred reserves 83,000 tons 

Deposit 6: 

Ten percent of this deposit is estimated to be greenstone. This is included 
in the reserves. The deposit is assured to extend horizontally into the hillside. 

The reserves are considered to be indicated. They were calculated by con-
structing four vertical sections 50 feet apart. and one vertical section 20 feet 
from the last of the above four sections. These cross the deposit at a bearing 
of A. 75° E. On each vertical section the gypsiferous rock was assumed to be 
bottomed by a horizontal line drawn through the intersection of the vertical 
section with the lowest exposed limit of ore and by the intersection of this 
line aaa a perpendicular dropped from the intersection of the vertical secion 
and the highest limit of ore. 

Indicated reserves 12,800 tons, 

Table 6 

Summary of Reserves 

Indicated (tons) Inferred (tons) 

Deposit 1 206,000 

Deposit 2 92,000 92,000 

Deposit 3 100,000 

Deposit 4 73,000 

Deposit 5 83,000 

Deposit 6 12,800 

Total 310,300 348.000 
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"IPLAMIEr OF UM 
INFORMATION SERVICE 

GEOLOGICAL SURVEY 

For Release JULY 17, 1951 

GYPSIFEROUS .utAt'OSITS ON SI= MOUNTAlii, ALASKA 

Secretary of the Interior, Oscar L. Chapman, announced today release of a 

report and maps by R. A. lickhart, Geologist, Geological Survey, on EZripsiferous 

deposits of Sheep :siountain, Alaska. Calculations indicate approximately 311,000 

short tons of rock resembling, containing or consisting of gypsum in three of the 

deposits. An additional 348,000 short tons are inferred for all of the deposits 

mapped. 

The gypsiferous deposits lie on the south side of Sheep 1,1ountain, about 112 
miles from Anchorage via the Glenn Highway. Ihe deposits were investigated to 
obtain basic information needed in stuerzing the possibility of establishing a 
cement industry in the Terri tor,. 

Field work, performed in 1949, was focused on the detailed mapping of six of 
the largest and most accessible deposits. Figures accompanying the tem-t show the 
locations of the deposits on Sheep Mountain and the geology within and surrounding 
them. 

Gypsiferous rock occurs in irregular deposits surrounded by greenstone. Both 
the gypsiferous rod,: and the greenstone are hydrothermal alteration products of 
Jurassic volcanic rocks comprising the mountain. Near surface samples of the 
Ripsiferous rock contained an average of 25% to 30% ups= and some contained as 
much as 50%. Bartz, alunite, clay, sericite, and. pyrite are contaminating con-
stituents of the ore. 

The report is on file in the offices of the Geological Survey, Room 1033 
(Library) GSA building, Washington, D. C.; Room 100 Old -.ant Building, San Fran-
cisco, Calif., Juneau and Fairbanks, Altska; and at the office of the Bureau of 
Mines, Federal Building, Anchorage, Alaska. A limited number of mimeographed 
copies are available free on application to the Director, Ge. • Survey, 
VIashington 25, D. C. S  GEOLOGIC-AI . 
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