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SERPENTINE MINERALS, DENSITY, AND MAGNETIC SUSCEPTIBILITY OF ROCKS 
FROM THE KALMIOPSIS WILDERNESS, SOUTHWESTERN OREGON 

By 

James B. Barnard, Norman J Page, Richard J. Blakely, Wayne P. Ziemianski, Craig A. Banister, and James R. Giusso 

C:eolo~;; generali<ed frma Page and others (1 98 1) 
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Ex;c_unation of serpentine mlneralogy, rock density, and magnetic 
suscept i b , iity of rocks frorn. the Kalmiopsls Wilderness was conducted as part 
of the evaluation of the mineral re.sources of the area, The density an<l 
magnetic susceptibility data from tl1e rocks form t he basis for gTavity and 
map;llet ic l!lodeling and also give aa appcoximation of the degree of 
serpentinization of the ul tramaflc ro~ks (Pa~e, 1%7; Coleman, 1971), The 
geologic base map uoon -winch the. density and m1neralog ic data are $up.,rianpoaed 
is stmpllffod from that by Page ,rnd other~ (1981), who also collected the rock 
samples. 

Techniques 

Density measurements were determined by weil(hing 322 rock samp les in 
water and air, 235 sarnples were scrpentinized or partially serpetltinized 
ultramafic rocks. Page (1967) and Coleman (1971) showed that the degree oj 
ser pentinizatiou ts dicect l y p:rnpontonal to density, A den1>ity of 3,2 g/cm 
or greater re~rese.nts rocks (dmlite, peridotite, or pyroxenite) composed o; 
e~~entlally fresh o livin e, pyro:<en e, or botch, a denBlty §' f 2,93 ~/cm 
r"presents 50 p"-re<mt serpentinhed rock, and 2,74 g/c.m, 75 perjen t 
serpentlnized, Completely serpe,itinized rocks have densities of 2.55 g/cm or 
leaa (fig. [). Therefore, i n the ultrrunafic units on the map, density 
,.~pres~nts the degree of serp~ntlnuanon, ,\l,out 200 samples ""re sel~cted 
for mineralogi.eal examination, and a part of each rock sample (30 to 50 g) was 
cruslled to a fine powder (300 mesh); the magnetic material was removed with a 
hard magnet, and brornoform (s ,g.~2.85) was used to 6"parate light and heavy 
noom.ag netic minerals, After dryiog, the light nonmagnetic fract"lon was X­
rayed by an X-ray diffractometer using a cell pack, Cnl( radiation and a 
n,~ kel h l t~r, and a ~can speed of 1° 21!/mm. 

The completed X-ray chart was compared to "!::-ray d iffraction mineral 
patterns including antigorite, clrnochrysoti le , lizardite, brucite, talc, 
tl,ompeon1 te, and oliv ine, These standard~, whicb were developed from 
relatively rure s,a.mples (P,ige ;md Coleman, 1967), were used in determining the 
type (g) of serpentine minerals present. The results of the mineralog ical 
examin;i.t,on ;,r~ plotted on the accompanying map as pie di.agrams, The magnetic 
susceptibilities were measured wit h a susceptihility bridge, 

Results 

The degree of scrpentinization of ultramafic rocks from t he area ranges 
frotl 100 percent to cotipletely fresh unserpentinhed rock (fig, I), more tha n 
50 percent 0£ the rocks are more than 75 percent Berpentinized, and only about 
4 percent are less than 25 percent serpentinized. The degree of 3erpentrn-
1zat1on appears to increase in the south. In the southern part of the 
Kalmio psJs ares that ts underlafo by the Josephine Peridotite, the degree of 
aerpentinizatio,i is greater near thr us t a nd normal fa ul ts; however, t he 
dcnsitv data. 1.ndicatC! a band of generally weakly serpennnize<l ulnamafic 
rocks along the northern part of the peridotite, In the northern and 
northwestern areas where tectoo ite and ultramaf ic cumulates of per1dotite and 
dunite are t he parent ruck type, serpentrnites pi;edominate in sli,•ers along 
faul ts and shear zones, the degree of serpent!nizat!on appears to be re.lated 
spatially to faultlni. a nd to proximity of intrusions of hornblende gabbro, 
tonalite, and dac ite , 

Tn 99 percent of t he rocks e,rnrnine<l by ,::-ray diffrac t1on, lizardite and 
duochrysot1le are the CO"'OOO minerals, accompanied by ma,:netite and relic t 
olivine, orthopyroxene, dinopyroxene, and chromian spine!. F.cther b r uc 1.N, 
t alc, t hocrpson1te, or some comh1nat1.on oceur in 34 percent of the samples. 
The spatial distribution of brucite, talc, and thompsonite has no apparent 
p.1.ttern, 

Previous s tudies o f the effect of aerpenttnization on the magnetic 
properties uf ultram!ifH rocks (fo:,; example, Saad, l969) show an increase in 
magnenc susceptibility with increasing serpentinizatlon in the density range 
2.6 to 3,2 ~/cm3. The rel 11.tion exi sts presumably becau8e iron atnrna, released 
from the silicate structure o f the ultramafic minerals, are oxidized to 
m"gnet:lte, "!'igure 2 and table l show the d ensity and susceptibihty of 50 
s=ples from the l<almtopsls Wllderneas Area. No apparent relation between 
suscepUb ility and density could be detected for these samples when considered 
as 11. single group, Howe.Ver, a correlat1on v~ry similar to that observed by 
Saad (1969) does exist for the 29 perldotite samples, Th e l inear regression 
lrne on th~ log electromagnetic unit versus dans1ty plot for the peridotites 
al one is 

log 10 x • -5.021 + 11.41 
where X is susceptibility 
per cub,c c~ntlmetet", 

in electrom"l,netic unit and P l s density in grams 

These density and 
constraints to geophyslcal 
(Blakeley aod Page, 1980), 

suscept1bil1tv 
model st~_,.es 

measuremen ts provide important 
o f the Kalmiopsis Wilderness Area 
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Tal,le ]. l,.ocat:too, density, and magne tic SlISceptibility of rocks 
from the K,~Jn,iopsis Wilderness area 

[PR, peridotite; SE, serpentlnite, ms, dunlte, l,IH, W<'!i:hl1te: 
Jl.Z, har sburg:lt~, PY, pyroxen ite, MPY, metapyrnxf!ni t"; Cll, chrornitite] 
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Studies Relate d to T..ilderness 

The Wilderness Act (Pub l ic La.w RR-577 , Septe,nber 3, 1964) and rela ted 
Acts, require the Geol ogical Su rvey and the Bureau of Mines t<> 3ur vcy cer t ain 
areas on Fed ~ral lands to de termine their mineral r esourc~ potential. Resul ts 
,mst be ,aade avail~blc to the publlc and h" submitted to the Admin istrati on 
and t he r.on]ress, Theae m.~ps a!ld reports pr e~ent the result s of a geologica l 
and rulneral survey of t 11e Kalmiops1s Wilderness. 

lntenor- Geologu a] Surve), R~aton Va - 1981 

for sale by Branch of D1lilrtbu11on, U.S Geological Survey, 
Box 25286. Federal Center, Denver, CO 8022S 
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