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MINERAL RESOURCES OF ALASKA 

GYPSIFEROUS DEPOSITS ON SHEEP MOUNTAIN, 
ALASKA 

Gypmrn-bearing corks crop out in Gypslrm and Yellow Jacket Gulches, on 
Sheep Mountain, wlllcl~ is almnt 90 miles northeast of Anchorage, A l a h .  The 
gypsiferourr rock occurs In depoaits uf lrrefiulnr shnl~e in the greenstone. Both 
the gg~ifesoua rock rind t h ~  greenstone nrvl hgdroth~rmal alteration products of 
the volcaojc nwks of Jumsaic age which co~ngri~c the bulk of the monntain. 
Near-aurface samples of the Lrypsiferous rock wntainsd nn nverage of 25 to 30 
percent gymurn; sotue contnlrled p l ~  much ns Xi percent. Quartx, alunite, clay, 
sericite, nnd ~ g r i t e  are contaminnting constit~~rnts of the ore, SIX of the Inrgest 
and most accesaihle of thc ,~psum deposits were mapped and calcutations show 
thnt three of the dqosits  contain aJ\ aggregate of approsimntely 311,000 short 
tons of Indicatd gypifemus rwk eutl h n r  of the depositq contni~i 348,00U short 
tons of luferrerl gypsif~miia rock. 

Gypsifemus deposits occur on the south side of Sheep Mountain 
(see fig. 12), 112 miles northenst of ,411cl~o1-nge via the Iilen11 Higliway. 
Sheep Mouitain is a higll east-trending ridge, appi*oximately I0 miles 
long and 3 miles  wid^. It is borriereil on the west  by Caribou Creek 
nnrl on the enst by Tnhneta Pass. T o  the north it is separated from 
the Txlkeetna Mountains by the valley of Caribou and Sqilew Creeks 
and from the Chugnch Mountains, to the soilth, by the valley of the 
Matanuska River. 

TIYO creeks, Gypsam and Yellow Jacket, hnve incised V-shaped 
gulches 1,500 to 2,000 feet deep in the area of the gypsiferous doposits. 
The sides of the gulcl~es are steep--30" to 45'. Outcrops within the. 
aren examined are p1ent.ifuI aIthougli tnlus is common nnd locally 
very thick. Where resistant rmks are exposed, sides of the guldles 
steepen t o  form cliffs and many areas of outcrop are not accessible. 
Routes of access over the  area are largely conked to talus slopes, areas 
of soft gypsiferous iulck, and the bottoms of ravines. 
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Froou~ 12.-Index map of south central AIkeLa showlng locatlon of Sheep Mountain. 

Claims were located by George H. Fennimore in 1946. Fourteen 
claims are a t  present (1949) held by the Alaska Gypsum Queen 
COT. (Mrs. George H. Fennimore, President, George R. Fennimore, 
and 3;eland Johnson, all of Anchorage, and Itobert Clem of Palmer). 
The claims are lensed t o  the Anchor~ge Gypsum Products Co. (Don 
Goodman, Edmin Johanson, nnd George Fennimore) . 

Improvements include two dirt roncls 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. ,I small (homemade) 



calcining plnnt nnd two lop cabins are located on the alluvial fan 
between the l~ighwny a~lrl the mountain. In 1947,BO tons of w l c i n ~ l  
mahrial wero produced from the gypsifemus deposib at the month 
of Gypsum Gulch. In 1948, 50 tons of clay from a day  deposit at 
the rnor~tll of Y ~ l l o ~ v  dncket Gulcla mere user1 by a brick plant in 
Ancliornge in the mranr~f~ct~~re of fire brick. Five tons of the clay 
were used in Palmer ns Imil~r lining. 

In 1947, G. RT. Flint,  Jr., of the U. S. Geological Survey, made the 
preliminary exr~rninntion of ~ I I A  gypsiferous deposits. In 1948 the 
U. S. Rarenu of Minw colleetcd sfimples o f  rnpsiferous rock and per- 
formed metallurgicnl tests on them in its S R ~  t Lake City Laboratory, 

During part uf t h ~  sunlrner of 1949, an aren about 1% square miles 
was esn~nined for gypsi ferous deposits. Geologic features were 
plotted on n specinl (ol)ogr.aphic ]nap prepared t?y the Topogrnphic 
Division of the U. S. C;~ologicr~l Survey ; wale 1 : 12,120 nnd contour in- 
hrval 100 f e ~ t  (we pl. 4). Detniled geologic and topographic m a p ,  
scalo 1 : 1,200 and cont,clnr intewd20 feet, were complied to include the 
six nlost promising areas of gypsi ferous rock (see pl. 5 ) .  Control for 
the- cletniled mnps wns estnLlisliet2 by plane table and nlidade traverse 
from Coast and Georl~tic co~~brol poirrts nlo~lg the Glenn Highway. 
Details were mapped by tnpt! nntl compnss. 'I'llc detailed maps were 
rnnd~by R. A. Eckhnrt nnci 43. I i~n~~irnore  (field nsqjstnnt) and checked 
in the field by (2. 0. Gnt~s. The 1 : 32,180 ~ r n l e  map of the area was 
compiled by Cf~tes ond E t k h ~ r t .  

Shecp Mountain is made np of R. thick section of layered rolcanic 
mcks of Jumssic age. Within most of the nren mapper1 these rocks 
hare been intruded by mnny m ~ f i c  dikes. The volcanic rocks lmve 
undergone alteration to the extmt tlknt they nl-e now greenstone. 
J~lcally the greenstom 1111s beell nltered to i r r ~ p l a s  masses of gypssi- 
ferolrs rock nnd quartz-swicite rock. Along pnrt of the south base 
of the ~noaatain fntllting Elas plncecl 211s srnldskon~ and sh Je of the 
Matannska formation nf Uppr  Urehcmus nge in jurtnpition wit11 
the volcniuc rocks. The only younger rocks eompris~. patches of 
Pleistocene ( ? )  coilglomernte thnt once palst lg filled the gulches of 
gyp sun^ nnrl Yellom Jacket Creeks and the alluvial fnns built by 
t h w  ewks .  

TBLKEETNA FORMATION 

The volcanic rocks comprising; Sheep hlomltnin consist largely of 
interbedded tuffs, lnvns, nnd volcnnic breccins. Paige and Knopf 1 

Idner. and Knovf, Adolph, 1907, GeoIoplc rrconnaiaunnce tn the M a t n n u ~ k n  
Ballus : a. 8. Qeol. Surrey R111I. 327, pp. 16-11. 
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included these rocks in the Talkeetnn formation of Jurassic nKe. This 
formation has a wide distribution in and nd jacent tfi the upper Mnta- 
nuska Valley. Daring the early reconnnisnnce in 1906, a qllartz 
diorite boss was mapped as being present in the area in which the 
gypsifemus deposits occur. This "qnnrtz diorite mass'' mas not recog- 
~ijzed anywhere m i t l ~ i n  the area cowtrcl by the present investigation. 

Where mapped tho tuffs ancl breccias nre light gmy, gray, or green- 
ish gray. They are well-bcdded; kcls of tuff range from several 
inches to more thnn 20 feet ~tl~ick ancl beds of lbrecci~ are as mudl as 
20-40 feet thick. 

Tlle tuffs are well-consalid~ted, comp~ct, and in part, if not wholly, 
tvnter-laid. They consist of rock nnd rniner~l frrtgrnents embedded in 
nu nphnnitic rnntrix. The rock frngrnents are mainly nndesite and 
clinbnw. The most common minernl constituents are quartz, plngio- 
clnse feldspar (ranging in composition from andesine to labradorite), 
chIorite and clerpentine minerals. The latter two minerals have re- 
plncsri nlmost all the original ferromagnesiwl minerals and the apl~a- 
~~it , ic  rnntrix, Some of the feldspar has been a l t e d  to an npgregate 
of albite, clinozoisite, and prehnite. Tlin seams of &cite, local 
secondary quartz, and rlisxrninat,ed pyrite are not uncommon in these 
1*0cl f~ .  

11 few thin beda of black carbonacco~is shnle and tuffaceous sand- 
stone are locally intercalated with beds of tuff. A U ~ i o  from the shale 
was examined by Dr. Teng-Chien Yen. He reports that it is very 
similar to an undescribed speeim from tlie Morrison formation of 
norfiern Montana and is much more likely t o  be of Jurassic thnn of 
Cretacmus age. 

Layers of breccia within the area are less abundant than lnyers of 
tuff ~ n d  consist of angular fragments of porphyritic baaalt and unrle- 
site in a hc-grained gronndmnss that is largely chloritic. The fmg- 
ments vary h r n  ~evemX inches to more thnn a foot in diameter. 

The lava flows, mhich constitnte the upper pnrt of the layered vol- 
canic rocks in the mtippecl men,  consist of at least ~evcral hundred 
feet of fresh, greenish-gray to blaclr basnltzz and andesites, Most of 
~IIPSC! flows are apha~~itjc, few are porphyt-;tic, nnd some are nrnygda- 
loidal. Most of the pl~enmrgds are Iabrnrloritc nnd the nrnygdules 
consist of zeolites, calcite, ~ n d  quartz. 

T h e  pres~~~ce  of secondary ~nincrals snch ns chlorite, clinozoisite, 
epidote, prehnite, md vnrions serpentine minerals, indicates that the 
tuffs and breccias llave maergone slight metnmorphism and might 
be called greenshnes. Howevrr  in this rcport the term "peenstone" 
is restricted to plinws of the volmnir rocks that, in the vicinity of 
the gypsiferous deposits, hnve h n  !now intensely altered to rocks 
vwg rich in ehlorit~ nnd cpidot~. 
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ZONE OF ALTERATION 

The zone in which the volcanic rocks hnve been altered to green- 
stone, quartz-sericite m k ,  and gypsiferous rock lies within the drain- 
age area of Gypsum and Yellow Jacket Creeks. It extends northwwd 
from the reverse fault near the ssoutli base of the mountain and cmsrses 
the crest of the mountain near the heaclwnters of the creeks. As seen 
from the air it is present on part of the north dope of the mountain. 
The brown, yeIlow, white, and recl colors of t l ~ a  rocks nnd talus wjthin 
the zone stand in striking contrast to the neutral hues of the tuffs, 
breccins, nnd flows. 

GREENSTOHE 

Greenstone comprises most of the rock in the zone of nlteration. It 
is a light to dark greenish-gray, fine-grained rock which locally shows 
relict textures of the parent volcanic rocks. In many plnces nltern- 
tian has so obscured original textures that it is difficult or irnpmqible 
to  determine with certainty tlie nature of the origjnnl rock. 

Propylitjaation was the principal process by ~.r-hich the p~ennstone 
11-a~ formed. Microscopic examination of several thin-sections of 
greenstone rovcals that epidote, clinozoisite, prehnite, and a cnrbollnte 
rninernl have formed at llle expense of original pl~giwlass feltlapnr. 
Cl~lorito, wit11 minor fine-gmined secondary quartz, commonly com- 
prises R large part of the fine-pained matrix in which ~ 1 - t !  embedded 
fragments of the minerals produced by propylitizntion nnd, locally, 
original, labradorite which is badly ~ltered and fractured. Pyroxene 
crystals have been largely altered to chlorite and rarely to opidote. 
Small c u k  of pyrite are locally disseminated tl~roughout the roclr. 
Colnmonly the matrix between mineral gmins and composite frag- 
ments is n finely crystalloblastic, semi-opaque mass composed c w n -  
tially of epidote, leucoxene, some iron oxide, and probably some fine 
quartz and/or feldspar. TW~ere developed, sphene is commo~ily in 
the form of semi-opnqua clusters which nm coated by leucoxene. Sev- 
eral specimens illustrate partial to cornp1et.a replacements of divine 
phenocrysts by serpentine minerals. The field nnd ptmgmphic evi- 
dence strongly s u g p t s  that these rmks mere originally flows of 
olivine bnsnlt. 

Numerous small pods and stringers of gypsum intricately cut much 
of the greanstone and, IocaIly, calcite nnd quartz stringers are pre*nt. 
Many of the stringers follow joints and shears which, along with a 
great amount of slicIcensiding and fracturing, are prominent features 
of the penstone. 'CVenth~red slrrfnccs of t h ~ ,  rmk are stained with 
light- to dark-brown limonite. 
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QUARTZ-SERICITE ROCK 

A quartz-sericite rock is one of the alteration products of the vol- 
canic rocks. It is intimately mixed with gypsum in tha gypsiferous 
deposits. In places the volcanic socks are altered mainly to quartz- 
wricite rock to form irregular bodies ranging in diarnetnr from n few 
feet to several hundred f e t .  One of t h e  largest of these bodies forms 
R narrow ridge jutting out beneath Deposit 2 on the east side of Yellow 
Jacket Gulch. This is sl~own in plate 5. 

The quartz-sericite rock is white to light gray, fine-grained, and 
platy. Much of it shows relict porphyritic, clastic, or trachyt,ic tex- 
cnres. Its mineralogy is sarinble, but quartz and sericita are its tno~t  
comrnon ~ n d  abundant constituents. With the possible exception of 
some of the quartz, none of the original constituents of the volcariic 
racks remain. The grounclrnass hns been silicified and the original 
feldspars Iiaw k n  altered to sericite and. rarely to gypsum and 
clinozoisih The small nmo~mts of rnafic minersls present in the 
original rock have been repIaced by R colorless chlorite and epidote. 
Hematite, alunite, and a c l q  ~ninernl comprise B mall pprcentnge 
of the rock T h e  presence of varying amourlts of gypsum nnd 0 t h  
soft minerals gives the rock a hndness ranging from 4 to C or more. 
Outcrops of the rock exhibit a poorly der~loiped platy ststmctt~re wllich 
is also shown, though more poorly d e ~ e l o p d ,  in some outcrops of 
weathered greenstone. 

'Locally, small c~lbes of pyrite are di,wrninaterE jn the q~~nrtz-sericite 
rock. In some outcrops surfaces of the ~ o c l t  nm pitbcl. The pits fire 
cube-shaped and apparently were formed by the lesching of l~yrite. 

The simil~rj ty of textures and plnty strltcture of tlw qmrta-sericite 
rock to that of the greenstone indicates that t11e qunrtz-sericite rock 
is also the result of the alteration of the ttiffs, breccim, nnd flows. 

GTFSIFEBOUS ROCK 

Gypsifero~is rock comprises the bulk of the nrens mapped ns ore de- 
posits and it also occurs as smnller, x n t t e r d  mnsses in the greenstone. 
The composition of the rock is vnrifible. Qunrtx ~ t l d  gypsum nre its 
most abundant mineral co~istituents ni~d clay rnii~emls of the kaolin 
group and nluni t~  nre ~ ~ s a n l l y  present. Locnlly, 1 imanitn nncl nil un- 
identified yelIow-peen conting stniii tlie roclz. Plnty structura is 
evident in some outcrops of the gypsifel-ous rock. 

At the surface the mpsiferons rock is pornus nud frng~nenbl or 
,ganuIm. Benwth the surface it is more compact. Tho rock con- 
sists Imply of two intimately mixed component.9, w h i b  fins-gmined 
gypsurn and, for lack of a Mter te~m, nltererl rock. The gypsum 
occurs as bEebs and irmgulnr strinpra cutting nncl cementing topther 
fragments of alteml ~ w k .  Tlw npsum is soft, rn~ss ivs ,  nrlrl ~ s u n l l y  
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contains h e - p i n e d  admixed qua~.tz and larger siliceous fragmenta. 
Good cross-fiber vein stlwcture is rare. Munite and cubes of pyrite, ~s 
~nncll m one-eighth inch i n  diameter, axe occn-sionaIly pmsent. 

For rl~tscri pti ve purposes the a1 tered rock cornpone~tt may be divided 
into a liph t-gray or tan variety nild a dark-gray variety. These colors 
combined wit11 the \\-hi te (rarely pink) gypsum anif brown and yellow- 
green stains give the ore: K mottled appearance. 
The light-gray or tan nlterd r& is similar in appearance to the 

qunrtz-wricite rwk, but, is nsually softer and different in mineralogy. 
This variety of the n l t ~ t ~ d  rock is largely mixt~~res  of fine-grained 
quartz and gypsum. Alunite and n c l ~ y  mineral a,re cornmanly pm+ 
ent. Antigori te n~id/or chrysotilc comprise n large pad. of the matrix 
of some spec,imens. S~ricite rarely is present ns  nn alterntion prdr~ck 
of feldspars. In one specimcti, t ~ l c  nppPal3 to 11ave replaced ortho- 
rllombic pyroxene crystl~ls, In some of the light-pray or tnn varisty 
of alterad rock, either pgrita is pment ns rliswminakd cuhs  o r  its 
former p m n c e  is indicated by cub-sllnped pits. The hrtdnes of 
this variet,y ranges from 3 to G or more depending on the relative 
a~nounts of quartz ancl soft n~i~~ernlfi ptvwnt., Usunlly it is less tl~rtn 
5 in hardness. 

The light-pay or tala alterecl rock is romn~a~~ly  nphanitic but soma 
of it exhibits mlict. prphpritic textnl-es in ~~llic11 the original feld- 
spar phenocr_yst.s hare k n  l~plnced by gypsum. Small irregular 
masses of gypsum in wlne of the l i g I i t - p ~ y  or tall nltclad rock Sug- 
gest a. relict dast.ic t~xtnm R I I ~  mtly intlicnte ~~plncement  of tuff. 

The dark-gray portion rol~sists almost entirely of qanrtl: and is 
hard. Jfost of it is nph~nitie but relict porphyritic testures nre 
seen in soma of it. Rarely, ali~nite is present. It mny form n con- 
siderable part of the rock, however. One snmple contnin~d ns much 
ns 35 percent ~ l t ~ n i t e .  

The exact e f f~c t  of pound \rater on the ore has not beet1 nwertained. 
Tmally, the ore n t  the srrrface appears ta  have been ~nricbert with 
gypslm; in other places leaching nppeam to have tnken place. 
Gypsum and Yellow Jacket Creeks are highly charged wit11 mineral 
mntt~r.  Table 1 s~~rnmxrizee writer nnnlyses of the* creeks by R. T. 
Riser of the U. S. &nlopicnl Snrvep. 

Clsy, nIso a product of nlteration of the volca~lic mks, is mixed 
in vnriable nmaants wit11 the gFypsiferoas rock and the quartz-sericite 
rock in most of the deposits. It is white to _rellom, sticky, plastic, 
and is commonly veined by stringem of white, fine-pined gypsum. 
A deposit a t  the motltl~ of the gulcl~ of Yellow Jacket Creek co~lsjsts 
in part and perhaps largely of clay. 
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TAB I.E 1 .- li'aler atlalyaeq, un parla per milliota, of G#pwtr m and Yellow Jacket Creek8 

I ~pt-ts per ton. 

-- - 
Silica (SiOz) .,--------------------------- .----- 
Iron IFe) .-.--------------.--------,----------- 

ppt lFe- -_ - - - - . - - - . , - - - - - - - - - - - - - - - - - - -+- - - - - - , - - - - - - . -  
Calci~~m [Ca) . . - -. . -. - - - . - . . -- - - - - -- - - --- - --I - - 

Xlaanr4um {.1Tg)-------- - - - - - - . . - - - . . - - - - - - - - - - -  
Sullatt: (H( l4)  ..-----.-u----------L-------------- 
Chloride ((:IJ)---  .--_. . . - -_-_-____-_.__.--- - - -L.  
S rcific contluctancc (K x IOaat 25 C.) ------..------ 

. . - - - . . - - - . -. -. * - - - - - --- - , - -- * - --------- - 
- 

NOTE.-In nddltlnn ta the umstltu~nta reported there appears to he a mMerab1e mount of aluminum 
in both creeks. N o  ~lrtem~inallorrs wt-rumaria fur d i u m  nr wtassilrlrl. 

XkTAHUSKA FORMATION 

Gypsum Frpek 

73 
-54 

378 
268 

2, 820 
5 .5  

3,410 
3. 5 

Thp Jtntwlnska fomn tioil of Late Cretttceous age is exposed along 
pnrt of the R O I I ~ , ~ I  bnse of S h ~ e p  Mountain. I n  the arm mapped this 
formation C O I I S ~ S ~ , K  of snndsbone niicl shale and has been faulted dovn 
s,gainst t l l ~  volct~nic rorks on the north. 

The snndsto~io i~ gremiall-gray, fine-grained, and well-bedded. In- 
dividual I R J ~ ~ I X  nrci scvernl i n c h ~ s  to a few feet in thickness. They 
eolltnin nnmproas Inr)cemnt?tx whirl1 R. 11'. Imhy, I;. S. h l o g i w l  
Survey, has deter~nirl~rl RS probably of ~ar lg  L ~ t e  Cretaceous age. 

Black shale js~xpos~d in n \ ~ r y  s~nall nt-ea just north of the proposed 
mill site at the base of the mo~rntnin. It is rna~qive and overlies the 
sandstone. 

CONQLOXERATE 

Yellnw Jucket 
C w k  

-- 
78 

3. 7 
54 

372 
253 

2, 8riO 
3. 0 

3, 8ln 
2. 8 

Erosional ~ ~ m a n t s ,  of R ~.erlrlidi-bzn~vn conglumerah of Pleisto- 
cene ( ?) nge nre present in  the lower gnl-ts of Gypsum nnd Yellow 
Jacket Gulches. The cnngjomernte is c o t ~ i p o ~ ~ l  I~rgely of suba,ngular 
greenstone nnd some gypsiferous rock fragments t-ringing from less 
than an inch bn n foot or more in clinmettrr; 3 to 4 inches is about 
average. It is coarwr in its lower partioil, and nenr its top several 
layem of fine-gminecl, recl snndstonr nre present. For the most part 
the conglomernte is horizontally l~rldsd, but beds dipping 25" to 40° 
S. are also present. 

The conglomerate is believed to have bwn deposited when Gypsllln 
and Yellow Jacket Creeks were dn~nlned thy n glacier in the; Matnnuskn 
Valley. The dipping beds apparently repre.sent deltaic deposition. 
The sediments were later cem~ntctl wit11 gypsnrn nnd iron oxide that 
were carried in solution by the c s ~ ~ k s .  
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STRUCTURE 

In general, the volmnic rocks comprising Sheep Mountain 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 me 
difficult to determine within the areta of greenstone. There is some 
evidence, however, of local reversal of dip west of Gypsum Creek with 
the result that this creek follows approximately the crest of nn 
anticline. 

The large reverse fault (see pl. 4) crosses the entire area mapped. 
It trends approximately parallel to  the front of the mountain nnd 
dips steeply northward. 'She southern side is domnthrown. Corn- 
p~rison of the se&ences of rocks north nnd south of tha fnult suggests 
ca rrlinimum vertical displacement of about 1,500 feet. 

The fault is best cxposed on the east; side of Yellow Jacket Gulch. 
Thore it strikes N. GO0 E. nnd clips 72" N., forming a steep scarp 
aR much as 100 feet high. (See figs. 16 and 17.) Near tha fault the 
volcanio rocks on the dowilthrown side are overturned to the north. 
Grwnstonc, containing t h c  gypsiferous deposits, comprises the up- 
thrown side. A band of white, clay, several feet wide, b d e m  this 
side of the f ~ u l t .  

South of this fnlilt rt normal fault has domthmm the sandstone 
snti s h ~ l ~  of the Mntnnnskn foimation against the volcanic rocks to 
the north. 

L[roca]Ey, the greenstme is broken by shear zones as much as 4 feet 
wide. Thew shear zones trend northeast more or less ~arallel  with 
the dikes. Generally, along the shears gypsiferaus and limonitic 
nlter~tion has taken place. 

QYPSIFEROWS DEPOBITB 

DESCRVTIOW OF nEPOSITS 

What are believed to be the largmt and must promising deposits of 
gypsiferous rack are the six mnpped in rletail. Their locations are 
shown in plate 4. 

The deposits am closely asmcfrrted with dikes and although their 
s h a p ~  are irreplnr, at  least to same degree, shape is controlled by 
the attitude of the dikes and the enclosing greenstone. Masses of 
quartz-sericite rock and pre~nstone, rnnging from less than a foot to  
tens of feet in size, are fo~md within the deposits. Their presence is 
anpredictabla. These mas-es are intricately cut by stringers and 
small pods of gypsum. Pyrite is abundant in many of #e green- 
stone masses. The change from greenstone to reIatively h igh-pde  
gypsiferous rock may be ~tbrupt and take place within a few inches. 
-4 nnrrow limonitic zone uwally sepnrates the greenstone and the 
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F,rl~si frrons ~.orFr, TIIP rllnilpe fro111 pcen~tone to gvpsiferow mrk 
mny n?so grtl l l~di~~lf i l  f 11rniigll a zone of quartz-sericite rock. 

3iucI1 of t l ~  gypgtlrp~m~~ ~(H'I< of t h ~  deposits lies beneath tallrs 
ran pin^ from I ; P I . P ~ I I ~  f ~ e t  In mow t h ~ n  10 feet. in thickne5s. TVliprn 
the talus jx se\-pral f ~ e t  thirk it con~ir t s  Inr~elp of small angular 
p p e n ~ t o n ~  fra~nicnts  in i t s  I I ~ ~ P I -  pnrt nnil I R ~ P ~ S  of ~aric010re~I rlny 
and gypsifem114 rnrk frnpnirrit 5. tllnt n w  often banded in textur~ 
and color. in its I~\YPI- 11:rrt. 7 ' 1 1 ~  lark of pi.renstone frxpncnts in 
tile lozv~r pnrt S I I ~ ~ P S ~ ' :  tlw I : ~ ~ P T H  f n r m d  1)y f r n p ~ n t a t i o n  of un- 
r1erl;rinp gylnifprn~lc mvli n ntl i~nrrmrnt downylopc. 'I'l~in~ nnrrow- 
SPRCPI~  toll^ st ripw :1rP iiot. I I I ~ ~ I ~ I I ~ I I J ~ T I  011 t,Ilr ~111- [nce of the talus. 

P~rrnrtiro3t nTas r ~ n ( b l ~ ~ 1 1  7'Jh f~~tlt ,  vrrt irnlly b ~ t o w  ground sr lrf~ce 
ill the face of the open-rut 1111 ISrporit; 2 n ~ ~ d  feet verticnlly below 
fivotn1d s ~ ~ r f a r e  jri t l ~ r  P i l r ~  o f  t \LP O ~ ) P I I - ~ I I ~  on tl~t! r n ~ t   slop^ of De- 
f>O"t 1. 

1 m w ) R r r  I 

Tlljs dcpo~Ft i s  tile rrrqt O F  1 l ~ r  r i l l~ t*  P~rt\\-rc.r~ C:J-psnm nnrl Prl- 
 lo\^, .Javl~et Creeks, l n r g ~ l y  I I ~  W I ~ P T I  ~l l t*v:tt  iniw 4.-!0(1 and  4.fiflO fwt. 
The cleposit is c t~mple f~ ly  rri~.lnxtrl I1.v ,nrc*rii~t nil[.. 

7 '11~  nnrthw~.;tcin p a ~ t  of t lw t f vpo~ i t  W:IS ~ n n p p r l  n.: ~yp=ifcn.n~rs 
lhrlrPi containin:: sm:tII ~ I ' P P ~ I F ~  o i i ~  111:15~~9. 'l'lwv InnsFtbs nrtk ~ ~ t i m a t e i l  
tn rrrrnpriw 31) to fit1 p~rcttnt nf tliis nrls;i : r i i ( l  1 0  1wrr~nt of  the re- 
~nnii~tlrr of the depmit. Fig-nrr 14 F F I O M - ~  f g l i r n l  fr t*~~wtnrl~  ~ C K I S  in 
t hr n o r t h ~ r n  part nf the drpo~it. 
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,211 irrt*gi~!nr nlass of qt~l~rtz-srric-i te P I H ' ~ .  :~Inltlt I t l O  fwf 1 0 l i ~  I L I I ( ~  

3,; f rpl  \ l - i { l t r .  lie5 Pat\vtltbil ~ I I P  ~ Y E I S ~ ~ P I ' O ~ I S  ~' t)( ' I i  : ~ ~ l d  t h ~  ~ i ~ ~ - r ' o i i i ~ t E i ~ ~ f i  
~ ~ . ~ r ~ l s t o z i e  ut kllr w i l t  11 s i t l ~  of t lie C I ~ ~ m s i i .  

Onc nf t11c d i k ~ <  c~ut t ing the ~ ~ ~ r l t ~ s i t r ~  gwcnstone ~ 1 . :  ~ I ' I I F P I I ~ I P  
illto nntl tlirnaph ijbost of the  deposit. '['IF r l i k ~  also cvltr wrrrnl 
f i r ~ ~ l ~ s t o n p  l m l s  within tlie r lc l ) t~~i t .  1 t i s  hadly ~~*a*ntllrt.rtE nntl 
l imoni t~ - s t :~ i i i t~~ l  18 t t lir ~ ~ I I - ~ ; I ( * P .  ' I ' l14 ,  v o ~ t t ~ ~ r t  1 ~ ~ 1  ~vtvr~ lit nnd the 
gypsifrrous rnrk i.: rpl:\. slinr!,. J* ' ig~ir~ I5 plin~r-s thr I - P ~ H ~  ioiisl l ip~ 
of the ~ l i k ~ .  

The miltar-t f rrt rrrt*tl t l l p  r r n h  111111 t 1111 prreengtn~ip :~t ,  tlitl 11oi-tli el111 
£ i i t  i I 1 1  1 I I I t  i~ ~>n-iI)lv t 1\:1t tlw I ~ P -  

posit p s t c l ~ ~ c l +  cirliip r l i - . r n ~ r r + t h  t ~ r \ l . l  Iln.:~t-(I ~ii~rltq~'  t l~ ib  rchvrr. I-TI~II+~~vPJ-, 11 

slinrt ( 1  i~t11?14+~ i ~ o i - t l ~  of I jt11 111:i~q1+1(1 r o i ~ t i b ~ ~ t  g i + t h ( - i ~ 4 a ~ ~ 1 t *  iq  ~ I I O I V ~ \  t o  
~mtlrrl i t* t l ~ p  t : l l t ~ ~ .  

1)EI'OSIT 2 

J h p t j s i t ~  2.  2 .  4. ; ~ ! I ( I  ( I)!. rj : i i~tl  fig-- 11;) q-oikil)thi~e it (lisvo111 ~ I I I I W I ~  

ztmr of rwe ~ n i i g l ~ l y  1?,-I(1<1 Fvrt 1 0 1 1 ~ '  :i11(1 71)0 f w f  w i r l ~  on  t h r  vr l~t  side 
of' >7~llow .J:trI<~t (ii~lc-11. 

D ~ p o s i t  Y ir IIP:II+ t 11ts ~ i n r t l l n . ~ s t ,  r~jtl of t hi.: znw. I t  c-rtwsr-: 11 sp\ l r  
Irrtlw~u rlprirtinl~s o f  :~l)rii~t 4..-)1)(1 f t x t ~ t  :111(1 +%,ti40 fvrt. l i t  o ~ ~ t t - t ~ t ~ ~ )  i t  i s  
~ h o u t  :Wll f ~ o t  Po~ir ait(2 frr~llt E01) to 24)1) fret n+itft.. 1'11r.r~ of t31p 

~ l r p w i t  nrta r~lr~r1.a13 wit11 1:ilu.: :11ir1 .;oil vreep :is i i ~ u c ~ l ~  !is s fect thirk. 
T h p  I I : I ~ ~ I I + I %  o f  tlitl Iw~li+o(-l; :11111 ! l j t a  psitintis of c-nnlncts W P ~ P  tip- 
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At the Rast side m d  at the west side of Deposit 2 the gypiferom 
m k  grades into quartz--cite rock which contains .mmo gypsurn. 
The relation betmeen the traces of the contacts b e t w m  the gypsi- 
ferous rwk and the qu~rtz-sericite rock and t.he attitude of layered 
volcanic rocks a few hundred feet nort.h, suggests that quartz-sericite 
rock in part forms the bottom and the roof of Deposit 2. -4 basalt 
dike which dips to the north forms the southenskrn h u n d n ~ .  The 
deposit is bounded on the north and south by greenstone. 

Deposit 2 appears to contain the least number of pods and blmks 
of greenstone. A b d y  of porphyritic basalt 50 feet long nnd 20 feet 
wide is exposed near the center of the deposit. The bnsal t shows little 
evidence of alteration although j t  is veined by several stringers of 
gypsum. Its contact with gypsiferons rock Is sl~arp and marked by 
a thin band of clay and gypsum. 

Deposit 3 is soutlieast of Deposit 2; the two deposits are separated 
bp a large area of thick talus. Apparently, the geology beneath the 
talus is similar to that on either side of it. 
In calculating toiinnge, tlre depasi t wns divid~d into four part-, 

6 ,  c, and d. These are s l ~ o ~ v n  in plnte 5. All four parts are covered 
with talus, part a being wparnt,ed from the remninder of the deposit 
by n f ~ i r l y  Iarge area nf thirk tnlas. The t nlus over the remainder of 
the deposit averages n h u t  3 fwt in thickness and the underlying 
geology mas mapped by trenching. However, it should be pointed 
out t h n t  due to this tnPns, parts of the ~Iaposiit could not be rnnpped as 
accurately as D A P O R ~ ~  1 nnd 2. 

Greenstone mnsws mithin the deposit consist largely of altered tuffs. 
Clap anti quartz-serieite rock n re  major constituents of the deposit 
Between parts h and c bile quartz-sericite rock is so abundant that the 
sren mns nlappecl ns n mixtare of q~lnrttsericite rock and gypsiferous 
rock. 
To the m11t11 the deposit is Iin~itecl by penstone that is hlieved 

to be nn ~l temd tuff and purtlg breccia. 'I'o the north a ln~ered 13e- 
qnence of tuffs s t~ ihs  into the deposit. Qunr.tz-sericite rock is aban- 
d ~ n t  at the contact find n few strjugers of gvpsnm extend a short dis- 
tance into the Inyered q n e n c e .  There apears to be n rough transition 
from ~ I I A  ggpsiferous rock thlw11gl1 a narrow zone of quartz-sericite 
r0c.k to the well-beiided, slightly ~ l t ~ r e c l  tuffs. The transition takes 
plnm within tens of feet. Several small shears occur in the tuffs near 
the deposit bnt none shorn mineralization. 

DEPOSIT 4 

Deposit 4 is southenst of Beposit 3, ~ c m a  a gulch incised by a trib~r- 
tnry of Yellow Jwket Creek. Figure 17 afforh a close-up view of 
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this deposit. The face of Deposit 4 is barren of talus and is very steep 
with sIopes 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 Iwally very abundant. 

Deposit 5 is at  the southeast end of the discontinuous zone of gypsif- 
erous rcck on the east side of Yellow Jacket Gulch. About one 
hundred feet south of Deposit 5 this zone is terminated by tlm reverse 
f abult previously described. 

The east and west sides of the deposit are covered by thin talus. 
Its north and south sides are bordered by greenstone. The peenstone 
to the norLh consists of a fine-grained, pyritic, altered tuff. 

For purposes of description, the deposit is divided into an upper 
and 1gwer part, The lower part contains numerous pods of green- 
stone and 'quartz-micite rock. The upper part of the deposit is cov- 
ered with a thin talus and the underlying gypsiferous rock is different 
from that observed elsewhere. It appears to contain considerable 
clay and small amounts of quartz and dunits, but the dark-gray 
silicgous fragments in the gypsiferous rock of the other deposits is 
absent. 

DEPOSIT I3 

Deposit 6 is the smallest deposit mapped in detail but it  is the most 
accessible of the six deposits. The deposit forms an approximate 
45" slope on the east side of the moutll of Gypsum Gulch. The bed 
of Gypsum Creek forms the western boundary of the deposit. The 
north md south sides of the deposit are bounded by greenshne and 
its eashrn exposure is limited by thick talus composed largely of 
pe8~19tone fragments. 

For the calculation of tonnage, the deposit maa assumed to extend 
horizontally into the side of the gulch. 

ORIGIN 

Relick textures and structures in the greenstone demonstrate that 
i t  w s  formed by local alteration of the volcanic rocks of the 
Talkeetna formation. In some places the altern tion continued beyond 
the stage of greenstolle to form deposits of gypsiferous rock and 
deposits of quartz-saricite rock. This is shown by the following: 

1. Deposits of gypsiferous roc]< and deposits of quartz-sericite 
rock nre restricted to the zone of greenstone. 

2. Relict texturm and sfxuctures in the ggpsiferous rock and 
quartz-sericite rock can be traced into greenstone. 

3. Al l  gradations are present between greenstone, which is cut 
by short, scattered irregular veinlets of gypsum, and upsi -  



CYPSfPEROCS DEPOSITS ON SHEEP MOUNTAIN, ALARKA 55 

f~rous  rock and quartz-sericite mck which contain r~sidaal 
pods of glenstone. 

T ~ F !  ~1t t -r~  tion of the volcanic roclrs to preenstone, gyps; ferous rwk. 
and qunsd-z-~rerici te rock probably was tsiomplished by hydrothermnl 
mlutions. 

Di k~ arc Itlrgelp restrjcted to the zone of greenstone. TI1e1.e is no 
evidence tlralt they nre younger than the apsiferous mck and the 
presence of secondnry qunrtz in mainy of fhe dikes suggests they nre 
older. 

The intritsiori of the clilres and the hycirothermal activity probably 
are reInted to n single lrhnse of igneous intrusion. 

GRADE 

A total of 60 gypsifel-ous rock snmples were collected from Deposits 
I tl~rough 5. They indntle; co!itinuo~~s rhip samples, spaced chip 
samples ( a t  approsimntely I-foot s p c i n p ) ,  samples from pits u~ld  
trenches dug tllrough Itnl~~s, nnd =rob sntnples from outcrops. Ttle 
locations of pits, trencl~es, and lines of snmples on oiltcrops at.o s11o11-n 
in plate 5. Two grab samples were taken from the ore pile at the 
cnlciriing plaalt. A13 this rnnteri:tl wns mined from Deposit 6. 

Pits throng11 talus covering the rlepasils rn11pc1 f ~mm 1 foot t o  8y2 
feet in clcptll and :tver;g~d nhut 3 feet. Snmples were usually talre~i 
from the bottoms of the pits. Nost of the chip srtmpllloa were taken 
from trencl~es 3 inches to 1 foot deep. 

Five snnlples were nnalyxecl in laboratories of tho U. S, Goological 
Survey by IT. J .  Blake, dr., 2nd Leonard Shnpiro. 1l)a cieie~n~inrt- 
t ions werv alincle nccording to testing nletliods described in A. S. 7'. 31. 
Designntion C SG-33, A. P. T. M. Shi~dards, Part 2, 103:1, m~lif iet l  
to tnke iuto ncrount the possible pwsence of alunite ant1 pyrite. Tnl~lr 
9 gives the IVSIII tfi of these nnalyss. 

Through the eau~.tesy of the Dopnrtment of Ili~ernl Sciences of 
Stnnfortl University in mrtkirlg avnilable their Iahrntory and eqtzip- 
nlent, a simple wid mltlble test was mode by the author to deternliue 
the approximflte runoltnt of pglrsllm in 56 of the ore samples, esclud- 
ing the s ~ l ~ n p l ~ s  shown in table 3. Tnble 3 snrnmarizes the ~nesults 
of this test. 

Tile acid soluMe test is bnsed on the relntire solubilities of allmite 
and gypsum i n  dilute hy (lrocltloric ncirf. The following procedure 
was used. The sample wns g~vunrl to minus 100-mesh, quxltered and 
weighed. The weigllerl portion wns ttddcd to hyd~-ocl~loric acid of 
0.5 normali tg nejng the ratio of 50 millil item of acid per gram of ore. 
The mixtzzre was then heated for llnlf nn hour, tlecanted, fresl~ acid 
of tlie same nonnatity ~dded ,  and henterl agnirl for hnlf an l~our. 
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Tasr.~ 2.- Detazlerl annE?jws of aampks of gypsi,ferows T O C ~  

I- krnple s o ,  

RiOl plus IImt ....................................... 
F h 0 1  (TOtB1) ........................................ 

.................... h11m1 $,TotalIII I:::I::::::::: 
'1'101 [ 'okl) .................... 
C'aO tTo14il) ......................................... 
~tf.2~0 (Total) ......................... . .......... .---! ............................ 

................................. ............................................... 
KRIO I ............................................... 
C01 ................................................. 

-0nrgn ......................................... 
H10 (rn C. ) .  ...................................... 
C ~ V P W ~  ( d c .  f ~ m  ml. ##a).. ...................... 
hfunlte (cnlc.  om IWI. 801) ....................... 
K niunfte (calc, from KiO) .. ....,. ................. 
Xnxll~nitc (Total slmflo-K alunlte) ................. 

Dl-10. Conllnnms*ISp €ample from lamoi npwr A l e t  of Plt Mi Dewit  I 
-4. Continuous chip mrnh~lc s l o n ~  Trench 0, Deposit 2. ~ r c & h  !I wits ahout 4 inches dew. 
DM;. From Pit 23, IU I l l ~ l l 0 9  drvp, hwflt 2. 
D2-lQAs C~ontlnupiw rh lp  srml%ln of the  bottom I fmt of the ha 01 Pit 27, Deposit 2. Pit $r was 8s 

leer d ~ e p .  
n2-19E. cmt Inlrouq chip ~ p l e  1 ioot long mar mp d Isreof Slt 27. 

TARI.R 3.--Approrrmai% atraiyser oj samples oj gypr~jerous rork 

S t  PM 3.6 .......... 
17 P55 2.5 .......... 
X T7 . %3 42 N p M  chip sum les Dl 5 
86 T7 . &? 45 } an kl>. - ' 
17 T8  .3'1 !i3 8pw-d c rp qampb. 

.......... , O~x?n-cut-t* of p e r m ~ h s t  BM Iaet vertl- 
cnlly below ground surfwe. .......... S Conllnuou chip sortlple along Iew OK pI1. 

3 PP I . 5  .......... 
........ 

, .......... Confhuous rhig sample of mlddb 1.8 teot 

I o t  hce of pit. 
I I 

T A  
P6 
l': 
7'5 
Th 
'rs 
'I'A 
1'9 
I'M 

? .......... 
.6 la 1 Tdnsl Teet thlr?k. 
.s tn 1 Contiuuws chip semph laken mwm- 
.d  lo 1 tlwly up s lop.  ,4hw I)?-2. T feet of 
.b to 1 

. G 
d.0 .......... 

.I to .76 
.h Continuous chip ~ a r n p l ~  taken can- 
. s 
23 k4 

5 .......... 
n .......... 
A.5 .......... 

.......... R . 5  Contlnuoua chl qnrnplos up face or pit. 

.......... 8.5 ~errnnlrost in h r o m  or pit. 
R. 5 
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710 
C l l  
'ria 
I'm 
I'M 
1'52 

Dspadts 

~ e - I  .......... 1 n 1 ..........I .............. 1 ..........I c o m n r e  lrab mrnn~a (ran m pilo at 
kiln. 

-. - -- - . - - - - -- -, 

EX-1. ........ 
n3-2.. ........ 
rla-a. ........ 
1 )M. ......... 
DM-. ........ 
1 ~ - 7  .......... 
n3-R.. ........ 
rl:&~n. ........ 
133-12. ........ 
3 )3-12.. ....... 
I':t13. .  ....... 
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I r ~ t I O n  In pleta 5. 
: I ~ d e m  ofh#ralse noM. pit s a m ~ l c  r ru  taken lrom ~ l l a m  olpir. 

Cm-m-as.taken not to boil the mixture daring Ilerting. After the 
wcond heating the mixture I P ~ S  filterc~l nnd the inwluhl~. residue. dried 
in an oven st n tentperaturn of lllMo to 121)' C. The diffcre~rce between 
the weig1:)lt of the sample and the ~\-eEgltt, of t l r ~  ~-esic.l~lt! was takm to 
equal approxirnat~ly the 11-eight of tllr gypsum present in the sample. 

3ficroscopic e ~ ~ l n i n ~ t i o l l ~  of the resirllre o f  each srtlnple tested 
us~ially fniled to j~~dicnte  the pmwnre of gypsum. Rnrely, one or 
two small p a i n s  of gypsum wwt! identified u ~ d e r  the microscope. 

Leonntvl Shapila nIw ~ n n l p x ~ d  for p,vpsljrlm the s~mples  in table 
2 using the ncicl soluble test. TaIpl~ 4 cornyrnres his wsults with the 
results obtained by w i n g  modified A. S. T. 11. methods (table 2). 

Tlw quartz-~iericite ~ r w k  int irnntclp nsswiattd 11-ith the gypsiferous 
rock, and the quartz, nlanite, and nllerrrtion mlnernls preient in the 
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TABLE 4.-Comporteon oj gllpswnr, conlent in aampFe3 ofgypaflero?rs rock, by dctaiied 
and apprcwintote annlyscs 

8nmplu Nn. 

mpsiferons rock are contaminating constitl~ents of the ore. In the 60 
ore ~ a r n p l ~ s  collectd from Deposits I throngh 6, estimates of the par- 
cent of alnnite were made by inspection of immersion mounts of the 
ore. Nineteen of the snmples contained aEunite in amounts ranging 
from an estimated 2 to 65 percent. Seven of these 19 snrnpl~s were 
estimated ta contain 20 percent alunite or more. Residues of tho acid 
.wluble test on mrnples in whicll no rrlunite mns identified in immersion 
mounts of the ore, commonly, but not nlwnys, contnined a little nlnnite 
w h ~ n  ~xamined under tho mieros~x)pe. 

As seen in the material of the ore pile nt the kiln, the wpsiferous 
roclr of Deposit 6 contains nb~mdant dissprnin~ted small grains of 
pyrite. Very little pyrite was seen in the gypsiferous rock of Deposits 
1,2,3,4,  nnd ti. Some of the fragments of quartz-sericite m k  in the 
ore, howev~r, nre marked by small cubo-sl~aped pits. Tllese; pits prob- 
ah1 y formed by the lcaclling of pyrite. Hcnvy mineral separations of 
aarnples Dl-10, D2-14, D2-17, D2-19A, and D2-1I)E were examined 
by Theodore Woodward, U. S .  (;eologic~I SIISVP~, and the samples 
were found to contain oi~ly negligble nmounts of pyrite and tmces of 
magnetite. 
In rr sample analyzed by the Bureau of Mines, nccording to s lett~r 

to O. D. Jermain from S. It. Ximmerlay dated April 19,1949, the gyp- 
snm is all minus IIK)-rn~ah in size nad is mostly minus 200-mesh. Tho 
nlunite is minus 6,5-m1esl~ nnd the other constituents of the sample 
lank* in size from 20 to lni~ltrs 200-mesh. To liberate t h w  minernls 
from one nnother r c q u i r ~  grinding the are at least to minus 100-mesh. 
This rerluces the soft nlunite to n, dust. Therefore. a good separntion 
of the gypsum ~ n d  nlunite by law-cost n~etl~ods, such as dry attritiou 
grinding rtnd air clmsificntion, is dificalt The finely crystalline 
llntnre of the gyp~rn prohibits concentration at caarse sizes and the 
laclr of significant specific gravity diflerences among the minerals 
makes grnvity r n e t l ~ ~ l s  imprnctical. Other methods, even if applica- 
ble, are: probnbly tno costly. Chemical analysis of the sample men- 
tionrd nbove is given in table 5. 
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Thsze 5.-Assay of gypaifwaua tork sampk, tn perctn: 

I Includes a a b r  lnas at ZW C. 

By dry attrition grincling mld nir cl nssi ficntior~ a concentmte nssay- 
ing 41.9 percent g y p s ~ m  a ~ t d  24.8 perrent nlunite \\-as made from this 
sample. A rrcovery af 552.2 p e ~ c ~ n t  of the gypsum and 25.9 percent 
of t h e  alunite wss ol>tniuctt. from the concentrnte. 

All c~lcullrtinns of rpserves are based on the umumption that the 
specific gravity of thc gypsif~rous rock is 2.4, or 13 cubic feet of ore 
weighs orlo short tori. This spwjfic gravity is slightly higher thnn 
that of gypsum (2.821, bnt wns nssumed to  account nt least in part for 
tlie henrier imp~rr i t j~s  ilr the om, st~ch as quartz (2.65) nnd alunjte 
(2.6 to 2.8). 

Uepmit I.-The nortll~~.estcrn pnrt of this deposit contains 50 to GO 
percent greenstone r~nd is not included in the reservo ealculntions. 
It is estimatcltl that Illc ~ ~ % u v r s  rnlc~ilated include ns ~nuch ns 10 
~ m c ~ t l t  pens tonc ,  present ns small rnnsses tl~rougl~ont the gypsf- 
I~rous rock. 

Beserves uTere cnlculated by cor~structing five vcsticnl sectiona SO 
fcct al>~Pt, acrosq the d~posi  t at R bprtrjng of K. 65 " E. On ~ n r l l  verticnl 
section the gypsiferous rock was assumed to bottom at n line c o i ~ i ~ e c t i n g  
Ihe intersection of the vertical sertion and the lower limit af gypsi- 
Eerous rock on each side of the ridge. Tho rpserves rare considered to 
be indicated. 'Ihaw indicai~d rwerves were 206,000 tons. 

Deposit &-Botl~ indicated and inferred rasprves w e w  cnlculnted 
for this deposit. Tlte srnnll masses of greenstonr, present in the 
deposit are iincluderl in the resen-es. 

For the indirnted mervps it 1t.n~ nssutti~d tlmt tlie apsiferous 
m k  extends horixontnlly into thc spur to straight I~or izo~~tnl  Iinm 
ron~lect,i tlg the points nf intpl-wrtion of ron tours with the mapped 
boundaries of the gypsifproas rwk. For cnlrulat.ing reserves, the 
deposit, Is divided into horizol~tal hloclrs, Tire top and bottom of 
each block is tlctermirled by tt hnrixontnl plnne through enell contn~~r.  

For calc~tlat ing illrlicnted renserves, the area of g ~ s i f ~ r o a s  rock 
used extended into the spur und to the 110rizontnI line conncctitlg 
the pints of int~rwrtion of C R C ~  contour with t h ~  mapped boundaries 
of the mpsif~rons rock. I n  c~lculating inferred reserves the snme 
size R r c n  mas used for ~ a r h  Eiorizontnl swtion. Ilidic~ted rePerve 
were 92,000 tons; inf~rretl  i-w?rws were 92.W tons. 
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Drip$ .?.-As ~~'.eviously stzttd, this deposit consists of fow 
pntqs, a. h, r ,  nnd d. J'ltrt d contains abundant greenstone m a m s  
iu11d is not included ilk the rewwes. 1111 arsrr between parts b and e, 
mapped ns n mixtrrre of gypsifemus m k  nad qutlrtz-sericite m k ,  
is nlso not i n c l u d d  jn the reserves. 

It is inferred thnt pnl-ts a, b, arlrl c coittnin 100,000 tons of om, 
much of wllich is quartz-sericite rock contnining some gypsum. The 
1actl1111 rpsPrtbes mny be Inrg~r, as pnrts a n~ld 7, inny be ccmtinnon~ 
ncrms the thick ~ R I I I B  nren &tween tllem, 

D ~ p ~ i t  4.-To rnlclrlate the reservw, five rertjenl sections 30 feet 
apart, striking N. 75' El., ITCR cconatructed ncross the deposit. This 
strike is npproxirnately nt right angles to the strike of well-stratified, 
tuff nceatts hetls 000 f ~ ~ t  tn tlre n o ~ t l ~ .  It wns nssumed that tlre ore 
hotly dips :1O0--rtbo~rt the snnle ns the tuffnceaus Ileds. For each 
=tian i t  wns f r r~tlker nssnmed that gylai ferous rock extends down 
dip one-third t11e l~ngtlm of the section. 

G1-eenstona rnakws nt-P ~stirnntecl to cornpl-ise 10 perc~nt of the 
deposit. These nre inrlnd~d in the reserves which nre considered 
to be inferred. These resprves wen, 73,000 tons. 

Deponif 6.-Rt)serves for this tlcposit were calculated by tlie snlne 
method ns for Ilepmit, 4 and nre bnsetl 011 the same assumptions. 
Inferrer1 reserves I Y C ~  88,000 tons, 

ISapoa!t F.-Ten percent of this deposit is estimnted to be peen- 
 tone,. This is included in tho reservw. The deposit i~ nssumed to 
estelid horizontally in to the h i l l ~ i d~ .  

The rewcvm nro eonsirlered to  be indicated. They were cnlculntecl 
by cot~strl~cting four vertical ~ections BO feel npnrt, nnd one vertical 
wtian 20 feet frnm the lnst of tho h o v e  fonr sections. Tlwe cross 
f he deposit at n be~ring of N. 75" E. On each vertical section the 
g,n,sifcrorrs mclc mas t~-ssurned to be bottomed by a horizo~~tnl line 
clrtlwn thmug11 the intersection of the vertical section with the l o ~ ~ e s t  
exposed limit of ore nnd hy the intemction of this Jine and a 
perpendicnlar dropped from the intersection of the vertical sectioil 
anrl t h ~  l ~ i p l ~ ~ s t  limit of ore. Indicated reserves were 12,800 tons. 

Ikpmit So.  1 IndimM (Eons) 1 I n f e m d  (hm?.) 
- - - - - - - - -. - .- - . - -. . - - - -- -- 

Told ...........-............-..- - - - - '  310,800 1 8.14 000 
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