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Introduction

Part I (Newberry,1979) showed that there is a gen-
eral relationship between 3R abundance and impu-
rity contents of molybdenites. Lack of a truly quan-
titative relationship, however, is caused by significant
intra-deposit variations, associated with different al-
teration and mineralization stages, particularly in the
multi-stage porphyry copper/molybdenum deposits.
In particular, since it has been shown that the 3R
polytype (the phase which is kinetically favored at
high impurity contents) is metastable with respect to
recrystallization to the 2H, polytype, it is likely that
some late-stage processes will be capable of catalyz-
ing the conversion from 3R to 2H,. Such partial con-
versions could, in fact, be responsible for much of the
confusion in the literature concerning polytype abun-
dance, impurity content, and environments of depo-
sition. Thus, the polytype abundance data presented
in Part I are further analyzed to suggest relations be-
tween mineralization stages, rhenium contents, and
polytype abundances in porphyry oopper, porphyry
molybdenum, and copper skarn deposits.

Results

Table I presents mineralization features, 3R con-
tents, and Re concentrations for the porphyry copper
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Abstract

Detailed analysis of samples from 34 porphyry copper, porphyry molybdenum, and copper
skarn deposits indicates that the generally rare 3R polytype of molybdenite is common in
these deposits and its occurrence is related to rhenium abundance and minslalization stage.
Both rhenium content and 3R abundance increase with time during the primary stages of
mineralization, as the molybdenite deposition changes from veinlets associated with K-sili-
cate alteration to veinlets with no associated alteration. Late hydrolytic alteration, associated
with pyrite-quartz veins in porphyry systems and hydrous silicate-calcite-sul-fide deposition
in associated skarns, results in reworking of earlier-deposited molybdenite, leaching of rhe-
nium, and recrystallization of the metastable 3R polytype to the stable 2H, polytypi. Super-
gene alteration also results in rhenilm ls46hing, but kinslis barriers impede recrystallization
to the 2H' polytype. A model is suggested to a@ount for this behavior, based on di.fferent
solubilities of rhenium and molybdenu-n as a function of K*,/Na* and pH changes in the hy-
drothermal solutions.

and copper skarn samples studied in Part I (New-
berry, 1979). The vein classification scheme used
here, (A,B,D), based on Gustafson and Hunt (1975),
is summarized in Table 2. Table I suggests that 3R-
rich molybdenites are associated with certain vein
and alteration types. Figure I is a histogram which
shows that B-type veinlets are associated with 3R
molybdenite, whereas A-veinlets, D-veins, and seri-
citically-altered veins are associated with 2H, molyb-
denites.' The data in Table I also indicate that mo-
lybdenite associated with prograde calc-silicate
minerals (garnet and pyroxene) in skarn samples is
3R, whereas molybdenite associated with retrograde
alteration (e.g. vein calcite) is 2H,. Several high 3R
samples are extensively supergene altered, a fact
which suggests that supergene alteration (weath-
ering) has had little effect on polytype stability.

In a similar manner, the polytypism of molybde-

tlt should be noted that the assignment of vein types is diftcult
and complicated by the abundance of transitional t5rpes. However,
while ambiguities in vein types prevent a rigid classification
scheme and thus a quantitative analysis of the data, the ambi-
guities do not significantly affect the qualitative mnclusions drawn
in this paper. The reader may find additional information on tle
samples and justification for thcir classi-fication in Newberrv
(1e78).
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Table l. Alteration/mineralization characteristics, 3R abundances, and Re contents ofthe porphyry copper and copper skarn samples
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3 9 0 5  M i d i '  A z .

L692O Bagdad, Az.
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Table l. (continued)
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43575 l t isslon, Az,

28506 Braden, Chtte

28502 Braden, Chile

28530 Braden, Chl le

28532 Braden, Chile

LDt'tD-l Eaperanza, Az,

DCDE-I Esperanza, Az.

WSE-I Esperanza, Az.

JMSE-2a Esperanza, Az.

RTCA-1a Esperanza, Az.
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Q'7oMo15cPr5
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Q'6ouo4o

Q'8ouotocPto

Q"8oMot5cp5

MogoQ'ro

toloo 
"

QtToPY 2gMoL
Qr95ilo5

Q'95*5

Qz5oPy4oMo5cp5
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1
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0
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0

0
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0

0
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5

p o t a s s l c

none

potassic

tou!&Iine

PO taSSlC

p o t a 6 s i c

Potassic

Potassic

propylt t tc

potassic

p!opyl i t lc

Potassic

P o t a s s i c

seric i t ic

s e r i c i t i c

s e r l c l t l c

uncetcaan

Potassic

potassic

uncertain

Potassic

unce!tain

uncettain

s e r i c i t l c

uncertain

Pyroxene

Pyroxene

gar/pyx

uncettain

garnet

Eat lpyx

Pyroxene

garlpyx

3

4

3

A

A-B

A

B t

D

LDME-3 Esperanza, Az. veln

RTCE-2a Esperanza, Az, vein

RTCE-2b Bsperanza, Az. vein

RTCE-2br Esperanza, Az. vein

30302 Esperanza, Az. veln

30303 Bsperanza, Az. f racture

4708 Inspirat lon, Az. veln

2650 Butte, Mt.  vein

BUT3AR Butte, l t t .  vean

27642 Uoracocha, peru vern

24306 Morococha, peEu vein

Ith-5 I thaca peak, Az. veln

Ith-3 I thaca Peak, Az. veln

Ixh-2 I thaca Peak, Az. vein

Ith- l  I thaca Peak, Az. vein

2056I Marble Bay, B.C. disseminated

20558 l , larble Bay, B.C. diss@tnared

4579 I'larble Peak, Az. veto

45Ll Marble Peak, Az. veln

4516 l , tarble Peak. Az. f racture

D 4

B t  5

D 3

I

3

3

0

0

0

1

t-

I

3

I

I

I

14933a Johnson CaDp, Az. dlsseminated } io-Gar_pyx

L4976 Johnson Camp, Az. disseninated Mo-pyx

1L933b Johnson Cep, Az. vein C"gopyl0Moto

lWnercL abbreuiattons: Ca:u\eite, Cc=cln\.cociter Cp=chzlcopArtte, Cup=euprlte, G@g@re4 G4p=gyps6, Xsp=k-1.7*O*,
yy!ylq":t", -eu^=ea.ri3e, Pat=lyoaa\e, Qz=qwtz', ri=twq"&.Zn; r'I tidtqtee L 

",,p.is"*;r;*ii'zio"uaZ, tii classi_
ca'Lon scnqe oI uretafson and 

,Hunt .(2975)., alo Dein typee ind.iutee a tTqnsitioruL;ein, ' indi@tes a tein affected by

",",:i:.!i1^"1!";1!i?::.tq,yLit*rue intensits s.eale: 0#esh, i=tiillU itl*La; 4*:quantitqtiue nic?oprobe MLasis baErye au|rc?, bdL=beLou detection I.Ltnit GpproyinqbeLA 300 ppd,

nites from porphyry molybdenum deposits depends
on the stage of mineralization, as indicated in Table
3. Of the 2l samples examined from Climax, Colo-
rado, only those associated with silicification or very
weak alteration contain 3R molybdenites, whereas
those associated with the earlier mineralization stages
(characterized by potassic alteration) and the last
stage (characterized by high pyrite and abundant
sericitic alteration) contained only 2H,. At Urad_
Henderson MacKenzie (1970) found 3R molybde-
nites associated with late-stage greisen-type altera-

tion at the bottom of the Henderson orebody, rather
than with K-silicate alteration or sericitic alteration
in the main portions of the orebody.

Discussion

Rhenium content and mineralization stage in porphyry
copper deposits

Most occurrences of 3R molybdenite, as indicated
earlier, are associated with high levels of rhenium.
Although little is known about the geochemistry of
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Table 2. Porphyry copper vein classi.fication scheme

771

Parmeter "A" velnletg "8" veinletg "D" veins
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Alterat lon

halo

S tructural
style
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assenblage
& texture

Paragenesig

& zoDlng

quartz-k-f  eldspar-sul f  ldst

anhydri te;  50 -  95U quartz;

no vein slmetry, no open

space ln velns

k-feldspar generally devel-

opeal aroud veins

randooly or lented, discoo-

t inuous, segmented, whlspy;

1 - 2 5 m w i d e

dlsseninaled chalcopyrlte+

bornire+oolybilenite ; Pyrlte
rare

early;  general ly l lEl . ted to

the porphyry stock

qurEz-sulf  lde+anhydrl te ;  coarse-

grained quartz,  f requent ly cox-

coob, open space f l l l lng; velu

slmetry co@n

character ized by lack of an

alterat lon halo

regular and cont iDuous; 5 -  50 m

wlde; general ly f lat-val led

chalcopyr I te+oolybdentte:b)yr ite ;
coarse grained, frequent ly

banded

lntemedlate; generally abundant at

stock narglns and 1n surroudlng

wall rocks

sulf lde+quartz+anhydrlte ; f re-
quently bandeal anhydrite-suIf lde
texturea; general.ly fow quartz:
guLfide

serlclte replaceneDt of biottte/
feldspar6 around veins

continuoug' but locally irregu-
lar; 1-100 m wlde

pyrlte+bornite+chalcopyrlte+
enargite, etc.; nlnor Eolybden-
lte; sulfldes often "gobbY" ln
low-quartz veins

very late, cross-cuts all zones;
structurally controlled

rhenium, experimental evidence indicates that rhe-
nium oxides are more volatile than the corresponding
molybdenum oxides (Morris and Short, 1969), and
that rhenium can be preferentially lea6hed from mo-
lybdenites at moderate temperatures (Morachevskii
and Nechaeva, 1960).

Frgure 2 is a plot of molybdenum grade vs. average
rhenium contents of molybdenites from several por-
phyry deposits. The hyperbolic shape of the graph
indicates that the actual grade of rhenium in the de-
posits does not change considerably from deposit to
deposit, despite a 2Gfold variation in molybdenum

I A - veinlet
O B - veinE

Nl B - veinlel overprlnt€d by soricitic olf'n

A O - w i n

= ony vsin wifh moior sup€rgens oll'n

NOTE' portiol potl€rns indboto
tronsiiionol vains

%3R
Fig. l. Histogram of 3R contents of the porphyry copper

samples, showing alteration and mineralization styles of the sam-
ples. Note that 3R is found only in B+ype veinlets.

grades. In other words, it appears that the transport
and deposition of rhenium occurs by a mechanism
different from that of molybdenum. Furthennore,
the transport and deposition mechanisms may
change with time: deposits characteized by A-veinlet
deposition (e.g. Butte, Chuqui, Sierrita) are high-
grade molybdenum/low-ppm rhenium, whereas
those characteized by B-veinlet deposition (e.g. Ely,
Ray, San Manuel) are low-grade molybdenum/htgh-
ppm rhenium.

Although no studies directly connect the rhenium
contents of molybdenite with veinlet type in por-
phyry copper deposits, Giles and $shilling (1972)
made a detailed study of the spatial distribution of
rhenium in molybdenite at Bingham, Lltah, and ob-
served that the rhenium contents of molybdenite are
lower in the central stock area than in the surround-
ing host rocks. This observation, combined vdth the
fact that A-veinlets in porphyry systems tend to be
limited to the central stock, whereas B-veinlets pene-
trate through the surrounding wall rocks (Einaudi"
personal communication, 1978), strongly suggests a
spatial correlation between high rhenium and B-
veinlet associated molybdenites. Giles and Schilling's
(1972) study of Questa, New Mexico, and Lime
Creek, British Columbia, indicated that the rhenium
content of molybdenite increases from early "pegma-
titic" veinlets (A-type) to the liate "thick, banded,
through-going quartz-MoS2 voirls" (B+ype).

The limited data of Table I indicate that low-rhe-
nium molybdenites are found in A-veinlets 3ad high-
rhenium molybdenites are found in B-veinlets. Flg-
ure 3 is a plot of the mean rhenium contents of

2

a
IJ
J
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a
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o
E
UJ
(D
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Table 3. Alteration, mineralization, and polytype characteristics of
the Climax, Colorado samples

Sanple
numb er

Associated 3R
alterat lon codtent

Key:

I  O k  T e d i
2 ls lond Coppor
3 .  E l y
4 Son Monu"l
5 Sonlo Rito
6 Roy
7 Missbn
I Morenci
9 El Solvodor

t u  E r n g n o m
| | Mtro@cho

E

o

o

o
o

o
CE

o

2500

2000

r 5 0 0

r o o o

I lost rock

12589 SW l,Iess, Climax Porphyty upper
44753 Sw l4ass, Cllnax Porphyry uppet
44762 Idaho Springs fomation upper
44741 Idaho Springs fomatlon uppei
CX-4 Sllver Plwe granite upper

44752 Central  Mas6, C1lmax ?orphyry lower
44755 CenLral  l tass, Cl imax ?orphyry lowet
44755a central  l r lass, Cl imax Porphyry lower
44754 Central  Mass, C1i@x ?orphyry lower
44750 CenEtal  Mass, Cl lnax ?orphyry lower
CX-II Central l,lass, Climax Porphyry lower

P}ICX-3 Central  ] {ass, C1lMx ?orphyry lower
?UCX-I Central llass, Climax Porphyty lower
C\-12 Central  Mass, Cl imax ?orphyry lowet
CX-13 Intra-minetal  Rhyol i te Porph lower
44760 Intrar ineral  Rhyol l le Porph lover

CX-9 Cl iDax Porphyri t ic cranlte "barren"
44756 Cl inax Porphyrir ic cranlte "barren"
44756a Cl inax Porphyri t ic cranlte "barren"
CX-15 Cl inax Porphyri t ic Granite "barten' ,
CX-16 Cl inax Porphyrl t ic Granite "barren"

p o t a s s i c
potassic
poEassLc
potasslc
p o t a s s i c

p o t a s s i c
potassic
p o t a s s i c
pota6sic
p o t a s s i c
potassic

serlc i t ic
si l ic ic
sl l ic lc
none
none

seric l t lc
ser lc i t lc
ser lc i t ic
ser ic iEic
seric l  !1c

molybdenites from several deposils yr. the mineral-
aation style of the molybdenites. The latter is based
on personal observations and an interpretation ofthe
literature (e.g Lynch, 1966, reports that at Esperan"a
"Molybdenite veins from this location usually show a
thin selvage of potash feldspar"). Figure 3 confirms
that, in general, deposits characterized by A-veinlet
associated molybdenite are low in rhenium, whereas
those characteized by B-veinlet associated molybde-
nite are higher in rhenium. D-veins generally show
low rhenium contents.

The data of Table I and Figure I indicate that
hypogene sericitic alteration of B-veinlet molybde-
nite results in recrystallization to the 2H, polytype.
Supergene alteration (weathering), however, does not
affect the 3R polytype, as several supergene altered
samples contained significant 3R contents. The me-
tastability of 3R in the weathering environment is
also indicated by Neuerbvrg et al.'s (1974) discovery
of a mixed 3R + 2H, molybdenite grain in a stream
sediment sample from the Montezuma district of
Colorado. Supergene leaching of rhenium from such
grains, however, as expected from the experiments of
Morachevskii and Nechaeva (1960), would result in a
low-rhenium 3R molybdenite.

Rhenium content and alteration style in porphyry cop-
per deposits

Within the porphyry copper group correlations can
be made between vein/alterztion types, rhenium
content, and 3R abundance. These observations can
be understood by considering the geochemical

.025 05 .O75

Molybdenum grode

Fig. 2. Plot of molybdenum grade ys. rhenium content of
molybdenites for several porphyry deposits. Mo grades are taken
from Sutulov (1976); rhenium contents from Table 6 of Newberry
(1e79).

A veinlet B veintet D vein
Typicol Minerolizotion Style

Fig. 3. Plot of mineralization style of molybdcnite ys. average
rhenium content of molybdenites for several porphyry deposits.
Mineralization styles interpreted from Titley and Hicks (1966);
rhenium contents from Table 6 ofNewberry (1979). The position
and extent of the box surrounding a deposit name is a qualitative
indication of the extent that molybdenite in the deposit is associ-
ated with A,B,D or transitional veins. Because of the geometry of
D-vein deposition, alteration of A-veinlets by D-vcins is uncom-
mon.

o%
o%
o"t
oz
07.

o7
o"t
oz
o7
o"t
oz

oz
407,
oz

roz

07"
oz
o"t
o"t
o"t

12. Ewronzo
13. Briden
l4 Buf le
l 5  S i e r r i l o
1 6  B r e n d o
17 l fhoco Pcok
l8 Chuqui
19 Questo

20- Cl imox
2 | Hsd€rson

o l O

\12t'i,i

E
o
CL

c
o
c
o
C)

o
E

c
o
o)



A
I
I
I
I

E
o_
o_

c
o

o
+
c
Q)
C)
c
o()
(D

E.

' . , , ? . . ,

E-*g:
o -

. eba
E; !
HE;
: E , e
. = o f

?E F
o 6  -

NEWBERRY: POLYTYPISM IN MOLYBDENITE 773

alteration; thus molybdenite deposition in these veins
occurs through some other mechanism, perhaps a de-
crease in temperature. Hydrothermal solutions are
now frequently higher in Re/Mo due to precipitation
of low-rhenium molybdenite during A-veinlet forma-
tion. In many cases molybdenum appears to be ex-
hausted in the porphyry system by the time this stage
occurs; in others molybdenum is not sufficiently con-
centrated to be deposited until this stage. Rhenium is
precipitated with molybdenum by the new deposition
mechanism during B-veinlet formation; the rhenium
content of the molybdenite appears to be largely an
inverse function of the amount of molybdenite de-
posited (le. the more molybdenite deposited, the
lower its rhenium content). This stage, on the whole,
is characterized by high rhenium/abundant 3R mo-
lybdenites. Bingham is a transitional deposit, charac-
teized by early A-veinlet associated low rhenium
2H, molybdenites, and later B-veinlet 

"so"b1gd 
high

rhenium/abundant 3R molybdenites.
D-veins, with their attendant hypogene hydrolytic

alteration, indicate the presence of low pH fluids;
such fluids are known to be capable of leaching rhe-
nium from molybdenite (Vlasov, 1966, p. 607-633).
The temperatures at this stage are also sufficiently
high (ca. 350'C) for recrystallization of the rhenium-
depleted molybdenite. Sample RTC-E2b illustrates
this process: molybdenite from an early B-veinlet, 9
cm from a cross-cutting D-vein, contains approxi-
mately l07o 3R.. Where the D-vein crosses the B-
veinlet, recrystallization of the molybdenite in the B-
veinlet has occurred and the molybdenite is 1007o
2H,. Similarly, those molybdenites from lthaca Peak,
San Manuel. and Silver Bell which are associated
with abundant hypogene sericite contain the pure
2H, polyype and are low in rhenium. Clark (1970)
also has shown that recrystallization of 3R molybde-
nite gives rise to 2H, molybdenite at Panasqueira,
Portugal.

Copper-bearing skarns show analogous features:
3R molybdenite is associated with prograde calc-sili-
cate minerals, and 2H, is associated with later cal-
cite-quartz-amphibole retrograde veins. In porphyry
molybdenum deposits the vast majority of the mo-
lybdenite is 2H,, contains minor rhenium (0.01-100
ppm) and is associated with K-silicate alteration
(MacKenzie, l97 O). 3R molybdenite, where found, is
associated with late-stage deposition, has higher rhe-
nium contents (Giles and Schilling,1972), and is not
associated with either K-silicate or hydrolytic altera-
tion (MacKerrzie, 197 O).

Supergene alteration processes which occur under

o
"/" 3R -+

Fig. 4. Diagrammatic representation of 3R/Re relations in
porphyry and skarn deposits during the various stages of molyb-
denite deposition and alteration.

changes taking place in the fluids during alteration
and molybdenite deposition.

Molybdenite deposited in A-type veinlets is associ-
ated with intense potassic alteration---+.e. conversion
ofhornblende to biotite, conversion ofplagioclase to
K-feldspar, and in some cases deposition of second-
ary K-feldspar. This process locally decreases the
K*/Na* ratio of the depositing fluid. Isuk (1976) has
demonstrated experimentally that MoS, solubility is
significantly greater in the KTSLOT-SiOr-HrO system
than in the sodic analogue or the non-alkali system.
This suggests that molybdenite is deposited in A-
veinlets due to a drop in the K*/Na* ratio of the al-
tering fluids. There is no evidence to indicate that
rhenium should be similarly less soluble under de-
creasing K*/Na* conditions (as pointed out earlier,
Re is probably deposited by a different mechanism
than is Mo), and thus molybdenites associated with
A-veinlets are low in rhenium. Such low-rhenium
molybdenites are of the 2H, polyype, as indicated in
Part I of this series. The absence of molybdenite de-
posited during this stage in several deposits is prob-
ably due to an insufficiency of molybdenum in the
hydrothermal system.

B-veinlets, on the other hand, have no associated
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conditions of low pH do not cause a 3R to 2H, con-
version, because insufficient kinetic energy is avail-
able at these low temperatures to cause recrys-
tallization. Thus, weathered 3R rrolybdenites might
or might not be rhenium-rich, depending on the ef-
fectiveness of rhenium leaching. In weathered sarr-
ples, therefore, present rhenium contents are not in-
dicative of the original rhenium content and thus of
the original 3R content.

Figure 4 sumnarizes the relations between miner-
alization/alteration stages, rhenium contents, and 3R
abundances. Note particularly how late hydrolytic
and supergene alteration affect the early close rela-
tionship between rhenium content and 3R abun-
dance. D-vein-associated hydrolytic alteration causes
recrystallization to 2H, and incomplete rhenium
leaching, whereas weathering causes leaching of rhe-
nium but no recrystallization.

Figure 5 indicates the distribution of various 3R/
Re combinations for a hypothetical porphyry copper
cross-section. Figure 5a is a hypothetical confgura-
tion of vein and alteration types; Figure 5b shows the
distribution of the various 3R/Re relationships that
result from the configuration of5a. It is clear that the
degree ofcorrelation between 3R abundance and Re
content at a given deposit depends rather critically
on the depths of weathering and exposure and the

l o r  Rs l  low 3R

high Rc/high 3R

vorioblc Rc/low 3R

abundance of hydrolytic alteration. Thus, by sam-
pling several deposits one would expect to see con-
flicting 3R/Re relationships unless one understood
the context of one's samples.

Perhaps the conflicting data of earlier workers can
be resolved in light of Figure 5. For example, Sutu-
lov (1976) indicates that "molybdenites found at
greater depths contain more rhenium than those at
the surface" (weathering of B-veinlet molybdenite?),
whereas Badalov et aI. (1971) suggest that 3R is con-
fined to shallower depths than 2H, (B-veinlet vs. A-
veinlet deposition?). Similarly, Chukhrov e/ al
(1968) note differences in polytypism of molybde-
nites from veins with gleisen envelopes vs. those
without alteration envelopes, which they ascribe to
differences in rates of cooling, 6u1 might instead be
caused by differences in alteration,/minslxlizaliot
style.

Conclusions

Analysis of approximately 130 porphyry coppet/
molybdenum and copper skarn deposit samples in-
dicates that relationships between 3R molybdenite
abundance and rhenium content can be explained by
the effects of initial rhenium contents, recrys-
talliz.ation, and rhenium leaching. Porphyry copper,
porphyry molybdenum, and copper skarn deposits

\./ o ,,",n.

--z lover limit of supcrgcnc leoching

/L

l t l
Fig. 5. Spatial distributions of 3R/Re relationships for a hypothetical porphyry copper deposit cross-section. Fig. 5a is a hypothetical

con-tguration of vein and alteration types, and Fig. 5b is the spatial distribution of 3R/Re relationships derived from the configuration
of5a.
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show an increase in 3R abundance with time during
the primary stages of molybdenite deposition. This
corresponds to the transition from A-veinlet deposi-
tion to B-veinlet deposition and is correlated with in-
creasing rhenium content in molybdenite. Early
stages are followed by an overprint of rhenium leach-
ing and recrystallization of 3R to 2H, during D-vein
deposition and hydrothermal remobilization. Finally,
leaching of rhenium without recrystallization of 3R
to 2II, takes place during weathering. Thus, the geo-
chemistry of rhenium and polytypism of molybdenite
are strongly tied into the geochemistry of hydro-
thermal and supergene alteration. Similar detailed
mineralogical and geochemical analysis of other mo-
lybdenum deposit types could lead to a better under-
standing of the origins of the 3R polytype in greisens,
pegmatites, and quartz veins.
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