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Abstract

Previous views as to the prohable origin (replacement veinl o{ the lead ores of the Bonanza mine
of northeastern Vashington are rclccted. Recent review of old data and rhe gatbering of new data,
esDLc:dl lv  rexrJrr l  dau ob,ained by rhc ' rudy of  pol i "h '  d ore spe. imens u ' ing ref lening micro 'copJ.
esiabi i 'h  the sedin 'enrary-rype.rrar i form massi te su f ide nature ot  t l re or iSinal  Jepusi t  and i ts  'ub-

seqdcnt metamorphjsm.

Purpose

The Durpose of this paper is to del-ronsuate that the Bonanza mine ores are not veln

or repiacemeot deposits as has been previously proposed, but are sttatiform strata-

bound sedimentary sulfide deposits which have had their sedimentary aspect consider-

ably modified by later deformation and subseq,uent annealing. This revision in our un-

derstanding of rhe mode of formatioo of this deposit requires a correspooding modifica-

tion of or-rr approach to exploration for irs extension, as well as to the search for

similar deposits elsewhere in northeastero Itrashington.

History

The Bonanza mioe in the notth half of sec 11, T37N, R17E, Steveos County, Vash-

ington, about i23 km NNW of Spokane, Vashington ( Figure 1), was discovered in

1885. Its production prior to 1907 was sporadic and presumably small Production was

cortiouous from 1907 through 1920, intermitent from 1920 to 1942, theo contiouous

until 1952 when the mine closed. About 86 percent o{ the ore tonoage wes mined

during the 11 years preceding the closing. Total recorded production from 1907 to

1952 (Fulkerson and Kingstoo 1958) was 25 x 106 lbs of lead,22 x 103 lbs of copper,

and. 239 x 10: ounces of silver, from 102 x 103 tons of ore This corresponds to an ovet-

all grade of abort !2.2 percent lead and 2.3 ounces of silver per ton. Ore was mined on

six levels over a dip length of about 160 m and an elevatioo range of 107 m. Although

the aggregate length of sulfide rnineralization is not known, the mioe level aggregate

length, excluding the Gibbs crosscut, is 1.96 km. Sioce the mine closed in 1952, both

shafts and the Gibbs access crosscut have collapsed so that all mine workings are

inaccessible.

General Geology

The deposit underlines a low, grassy hill on which outcrops are sca.tce, small, and incon-

spicuous, probably constituting less than 1 percent of the surface above the mine work-

ings. This, together with the lack of mine access, means that our knowledge of the
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Figure 1. Lo€ation map of the Bonanza Mine.

geologic setting of the ore body is limited to brief descriptions ptovided by early authors
(Batrcoft 7)14, STeaver 1920, Patty 792t, ffu"ting fl:5), unpublished data o{
nflashington State's Divisioo of Geology and Earth Resources, anj data gathered by
the author from surface ourcrops and mine dump specimens.

Tte geologic setting of the ore deposit is one of a gently nonh_plunging upright
antiform, with associated minor folds, in argillite una plyUiti. u.giliit . Or" "lfido
are-conformable with the bedding of the host rocks and both are filded. Furthermore,
both are cut, drag {olded, and displaced by major norh_striking faults dipping moder_
ately steeply to the west in the central gart of the mine workinpf, and to the east on the
eastern mine workings- The age of the stata is probably Ordovician ro Devooian (Las_
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Figure 2. length of rvhite bar in each figure represenrs 0.10 mm. Dark gray to black areas are non-
. c I e L t i . l F  g r n t u c  ( h o s r  r o t L  s i l i r a r . . ,  q u r - r z ,  s : d e r i r e / .
A through E: textures diagnostic of sedimentation.
F ancl G: tcxturcs diagnostic of metamoiphism, incl -  a n  C :  ' ( \ r J  c s  d  r q r o n i c  o f  m e r r m o r D l , i . n .  i n . l u d i n e  a r n e d l i n s .
A : A r o - r e ) r L r r i n u l i r a - t i n F s r a i n € d p 1 r . t . , r i g h r g r a r : " e r c h c d , a n d p y r r h o f i r e \ a r d ) . / .a1: ^ro11 rexrufe 1n uttra-tlne grarn€d pyrrtE (1r8ht gray; erched-) and pyrrhorire (gray).
B:  Atol l  texrure io pyr i re (outer  double layer;  1\h j te and l igbr grel ;  erchedl  and lpdal
eflte (core; gray ) .

D :
C: Composire mass of iramboidal pyrite (etched).
D: AtoU texture in D\.rire (white) and sDhalerite atexture in pyrite (white) and sphalerite (light gray).

osite ovrite'suhaleritc bodv with a 2-lavc'r ovrite rinrlE: Composite pyrite*phaleritc body with a 2-layer pyritc rind consisting of an outer fine
gfajned layer. and an inner ultra-fine gralncd l.ryrr, surrounding a iorc u[ sphaierite
l g r a y J  c n n r a r n i n g  s c r r r a l  s p h e r ' t . r r  p i r i r e  t ' a n L r o r J s  l e r c l - c d 7
F :  S L r b + p h e  i c r l  , p h a l e r i r e  , . h r k  s , a y .  s  r h  r p e , k l e <  o t  r x . o l ! e d , 1 ,  t t r J c o p y r i r c , . r r -
r o u n d e d  \ r  g a r e r "  ' i . 5 \ r  p r a l  r  a n d  g , r r g r e  i b l a r k 2 .

t :  s L ' b - \ p t F  r c J l  , p h r l c l r e  / . l r f k  s r a y )  s  r h  r p e , k l e <  o l  r x . o l ! e d , 1 ,  t l r J c o p y r i r c ,  . r r -
r o u n d e d  \ r  g a r e r "  ' i . 5 \ r  p r a l  r  a n d  g , r r g r e  i b l a r k 2 .
G: Porphyroblas.s of pyritc (white) with inclusioos of galena (light gray; etched**)
surrounded by intergronn polygonal galena (light aray; etchcd ) and pyrrhotite (*rav).
H: Granoblastic polygonal galena (light sray; t
with inclusions of galena (dark gray; etchcd).

rl galena (light gtay; etchcd )
light gray; etched ) and porph.

/ l i g h r  t s r d ) r  e n l . c d r  r n d  p y r ' h o ' i r (  ( g r . r ) / .
:  (  '  I  cd I  ,nd porphy rob'a. t ic  pyr l r r  1s h i reT

+Pyrite etchanr: 98 parts conceotrare.l nitric acid to 2 parts methanol. Apply ar t(}om remlrrarure
lor 15 seconds to,1 m;nutes.

**Galena etchanr: I part concenrrated HCI to 3 parts thiourea solution (100 grams per liter).
Etch time is 1 to 2 minutes at approximately 80'C.
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kowski i982). Folding and faulting are probably early Cretaceous and post_Cretaceous,
respecively, in conformity rvith structural data applicable to similar strata in neighbor_
ing parts of northeastern \Tashington.

Geology of Ore Horizon

Overall, rhe ore horizon srrikes northeasterly and dips 30 to 55 degrees noth$/esrerly
rn the wesrern mine workings; about east-west with dips of 10 to 35 degrees northerly
in the central pan; and northwest wirh dips from 25 to 55 degrees easterly in the
easrern rnine workings. \7ide divergences frorn these geoeral attitudes occut srhefevet
the strata and sulfides are iovolved in minor fojJs. Ore is localized alons the contact
of chlorite-sericite phyllite below (footwall) and black graphitic argillire ablve i hanging
wall), conformiog to beds and bedding. Sulfide horizon thickness ranges lrom a few cms
to 6 m, most commonly in the range of 2 m to 212 m. The greatesi thicknesses are at
fold hinges. Ir is reportecl (in the unpublished dara files oirMashington Division of
Geology and Earth Resources) that in rhe easrern pat of the mine the ore mlneralization
grades laterally into the hosr rock argillite and that the margins of the sulficle bodies
contain a higher proportion of quarrz and pyrite rhan do rhe ceorral p;rrs.

Mineralizatioo is very fine-graioed galena wirh about equal amounrs of pyrite, several
percent of pyrrhotite, and very lirtle sphalerite. Gangue minerals incft:de the rock,
folning minerals of the argillite hosr togerher wirh siderire. quarrz, barite, and a little
calcite. Typical sulfide-rich hand spcimens are strongly banded owing ro the chaoging
Proportions of the various sulfides aod gangue minerals.

Ore Petrography

Textures obsened in hand specimens and in polished sections using the reflecting micro-
scope are of two distinctly different origins-sedimentary and metamorphic.

O b i err e d. t e x t M e ! iwli. catit e a J s e dittze nt ati on inclt.de :
( 1 ) thin interbedding of sul{ides and rock-{ormiog silicates common in hand speci_

mtns  rnd  in  Po l i .hed 5ecr ion
(2) nodular, colloform, and framboidal textures (Figures 2A,2C,2l.)
(3) aroll rexrures in pyrite, sphalerite arrd galena (Figures 28,2D)
Obrctred ,exturet indicatiue* of metamorphilm and. anneahnB ate:
(  I  r  c rumple5  in  bedd ing  o l  ru i t : Jes  and s i l i r j res
(2) rhickening of galeoa layers in fold hinges
(3) numerous pyrite porphyroblasts ( Figures 2G, 2H)
(4) granoblastic polygooal galena (Figures 2G, 2H)
(5) annealing twins in sphalelte

Conclusions

Most previous aurhors have concluded rhat the Bonaoza ore body is a vein deposit
formed by dre replacement of host rocks within a shear zone. The presen! wlter was
the first to suggest that the deposit may be a massive sedimeorary sultide cleposit (Mills
1917, p. 48). During the present review o{ old dara aod the gathering of new data,

: Ig-,1. l :_ i : l" l i , ."r rhr reader wt-o may.n. L be idm:t irr_wi,h t t ,e rernsnir ion anrj inrcrprcrat ion of

ts:iilifll'^l:},.il'j I lftf ilfi iii'd,H,i:i:illii :i:,vffi:li# he'p,u': \4(Dona'd r ,-oi
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little or nothing was found that is compatible with, or diagnostic of, a replacement
origin. On the other hand, dara both compatible with, or diagnostic of, a primary sedi-
meotary forming of the otes and rheit subsequent metamorphism are abundant aod com-
pelling. The data discussed and detailed in this paper, such as the sffariform and suata-
bound narure of the ores, the folded character of both the ore horizon and the graphitic
host rocks, rhe simple ore mineralogy, and especially rhe r€xriures of the ores, are abun-
dant evidence of their ptimary sedimentary origin modified by subsequent metamorphism.

Mineral deposits exploration plans aod procedures are based on implicit or explicit
understaoding of how such deposits n,ere formed. Cleady, lhe chances of success in the
search for extensions of rhe Bonaoza mioe ores, or for finding similar deposits else-
where in northern ITashington, are much greater when it is appteciated that the
Bonanza ore body is a marine sedimentary deposit, not a hydrothermal veio deposit.
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