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MEMO FOR : D . M . Smith

FROM: J . H . Courtright

Southwestern Exploration Division

November 24, 1980

WIND RIVER FM.- GOLD
Wyoming
(Research)

The attached xerox copy from Geological Survey Research 1978 states

that "substantial quantities of gold occurs in the roundstone conglomerates

which continue eastward with no diminution in grade ."

You may already be familiar with this occurrence ; if not, perhaps it

could be determined whether or not "substantial quantities" amounts to

anything approaching ore grade .

~. H . Courtright

JHC :jlh
encls
c .c . RLBrown

WLKurtz
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faulting in the Duluth Complex in Minnesota

. Preliminary results of large-scale .(1 :24,000)
mapping in tide Duluth Complex in Minnesota by
M. P. Foose and R . W . Cooper for the first time
gives evidence for the presence of a large number of
faults . Most of the faults appears to have only small
(<100 m) normal or strike-slip displacements, but
some faults, mostly with northeast-southwest trends,
represent major discontinuities of undetermined
size. The intense fracturing is similar in style to
tensional regimes such as the Basin and Range and
suggests a paleorift origin for the Duluth Complex .
The recognition of faulting is important in evaluat-
ing the continuity of nickle-copper ores in the com-
plex and in estimating the region's nickle-copper
resources . .

Potential economic significance of gahnite (zinc spinel) in
Colorado

During recent field investigations in Colorado,
D . M. Sheridan and W . H . Raymond found that
gahnite, a zinc spinel, occurs in and near many
Precambrian sulfide deposits in the Front Range,
Park Range, Wet Mountains, and Salida regions .
Although sphalerite, chalcopyrite, and lesser
amounts of silver-bearing galena are the principal
sulfide ore minerals in these deposits, a newly rec-
ognized concept identifies potential economic sig-
nificance of gahnite (Sheridan and Raymond, 1977) .
Gahnite may be sufficiently abundant at some of the
deposits to constitute an ore mineral. Samples of
gahnite-rich rocks from various mines and prospects
range in zinc content from 3 .5 to 19 percent, and the
pure mineral contains up to 27 percent Zn . More-
over, the geologic relations found in some localities
suggest that gahnite may be used as a significant
guide for prospecting, characterizing favorable lith-
ologic trends, even where cogenetic sulfides are
sparse or absent in outcrops .

Production of quartz-muscovite schist from Poncha Pass area
in Colorado

A wide extensive zone of Precambrian quartz-
muscovite schist is being mined in the Bonanza
northeast quadrangle northwest of Poncha Pass,
Colo. The schist is excavated from open cuts , trans-
ported to nearby Salida for crushing and screening,
and then shipped by rail to Denver for use in mak-
ing bottles ; previously it was used in gypsum board,
paint , and insulation material. R. E . Van Alstine
reports that the steep schist zone locally , is more
than 150 m thick and extends north front Highway

U .S. 285 for about 1.6 km. It is localized along one
of the faults that bound the cast side of the north
extension of the Rio Grande trough. In 1975 and
1.976 schist produced from . here was valued at
$100,000 each year (Colo . Div. Mines, 1976, p. 21,
23-,74, and 109 ; Colo. Div. Mines, 1977, p. 11, 53) .

Course of Eocene Wind River locates auriferous sedimentary
rocks in the Western Wind River Basin in Wyoming

The distribution of roundstone conglomerates in
the upper part of the Wind River Formation in the
western part of the Wind River Basin was found
by D. A. Seeland to coincide exactly with the course
of the Eocene Wind river as determined by a study
of crossbedding in the sandstones of the Wind River
Formation. This is most significant because analysis
of panned concentrates from these roundstone con-
glonierates indicates the presence of a substantia l
quantity of gold. The volume of conglomerate de-
creases eastward, but there is no eastward diminu-
tion of grade. Thus, if sandstones of this strati-
graphic horizon exist to the east and contain similar
gold values, then the course of the Eocene Wind
River should define the location of a substantial ad-
ditional volume of auriferous rocks .

Carbonatito dikes in Bear Lodge Mountains, Wyoming

Numerous carbonatite dikes were recognized by
:AT. H. Staatz in cores from deep drilling of alkalic
rocks in the southern Bear Lodge Mountains. These
intrusive rocks, which dome up the surrounding
sedimentary rocks, are principally trachyte and
phonolite. At depth they tend to be coarser grained
and become fine-grained syenite and nepheline sye-
nite. As many as 22 carbonatite dikes have been en-
countered in one hole. One carbonatite was subse-
quently found on the surface during detailed .
mapping. The dikes range in thickness from about
1 mni to 5 m. Calcite is the principal mineral . Other
minerals commonly found in many samples are bast-
naesite, ancylite, strontianite, pyrite, pyrrhotite,
sphalerite, and galena. In addition at least 14 other
minerals have been identified in various samples .
These carbonatites, like the massive carbonatite at
Kangankunde Hill, Malawi, are both rare-earth and
strontium-rich . Samples of the Bear Lodge carbon-
atites containing 2 to 5 percent rare-earths and 3 to
10 percent strontium are common .

Relationships of copper and gold deposits in the ophiolitic
Canyon Mountain Complex in Grant County, Oregon

Until recently, copper and gold veins in the
Canyon Mountain Complex in Oregon had been as-
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Xerox copies of two items of interest (Geological Survey Research 1978)

are attached .

(1) The Shultz "Granite" of the Globe-Miami District consists of a

three-phase quartz monzonite intrusive . All disseminated sulphide mineral-

ization is in, or adjacent to, the youngest phase ----- the most conspicuous-

ly porphyritic . A close relation between the development of porphyry textures

and the introduction of copper-iron sulphides is implied ----- "whatever

the nature of the ore-forming process ."

(2) Results of laboratory work on rocks from the Ray District conflict

with both the ortho-magmatic and meteoric water models of porphyry copper

genesis . A new model is proposed, which " . . . . .explains the failure to

discover petrologic and chemical distinctions between 'ore' and 'non-ore'

plutons ." Regional structure is given renewed emphasis in exploration .
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rocks ; and the data are best explained if the copperr
and most of the sulfur, chlorine, and water in the
magmas were used by the igneous minerals dur-
ing crystallization of the magmas. The stocks, and
by analogy any parental upper crustal magma, thus
were themselves unlikely to produce an ore fluid .
Furthermore, not only did the stocks contain little
copper and sulfur to supply to an ore fluid of cir-
culating meteoric water, but also copper was more
likely added to rather than extracted from the rocks
in the outer parts of a circulation cell . Incorporated
into the new model is the petrologic confirmation
that sulfur is essentially insoluble in siliceous silicate
melts, and it is postulated that sulfide minerals ac-
cumulate in a zone of partial melting around, but
not in, pockets of magma . Some of the magma is
mobilized and intruded into the upper crust. The
sulfides, however, remain in the zone of partial melt-
ing until local or regional cessation of melting allows
excess metamorphic and late magmatic water to be
present, which remobilizes and transports the sul-
fides to upper crustal sites : The new model explains
the time-space relationship of ore and magma . It also
explains the failure of considerable research to dis-
cover petrologic and chemical distinctions between
"ore" and "non-ore" plutons . The model places
renewed emphasis on regional structure in delineat-
ing favorable zones and localities' for discovery of
ore .

Geology of the Cuprite mining district of Esmeralda County
in Nevada

Studies by R . P. Ashley show that the Cuprite
mining district contains mineralization of two dif-
ferent types and ages . The younger is characterized
by intense acid-sulfate alteration that has converted
Cambrian siltstones and Tertiary tuffs, flows, and
volcanic sedimentary rocks to silicified, opalized,
and argillized rocks . Mineral production associated
with this alteration includes only minor amounts of
sulfur, silica, and clay . Potential for substantial dis-
coveries of commercial sulfur and clay is low, for
silica the potential is high, and for gold and mercury
it is low to moderate . Alunitic rock exists, but its
tonnage is too small and its mineralogy too unfavor-
able for exploitation by presently contemplated com-
mercial processes .

The older mineralization at Cuprite consists of
base-metal veins (mainly copper-lead) with minor
precious metal values (mainly silver) in unaltered
to locally hornfelsic Cambrian siltstones . This min-
eralization is probably Mesozoic in age, associated
with a buried pluton . These veins have little eco-

nomic potential, but minor potential exists for dis-
seminated copper mineralization at depth .

Molybdenum mineralization in the Battle Mountain mining
district of Lander County , Nevada

Numerous base and precious metal deposits in the
Battle Mountain mining district are related to Upper
Cretaceous and middle Tertiary granodiorites to
quartz monzonites emplaced into thick sequences of
Paleozoic sedimentary rocks . Molybdenum mineral-
ization occurs sporadically throughout the district,
but is especially concentrated in an elongate stock-
work system near Copper Basin that is being studied
jointly by T. G. Theodore and J. N. Batchelder
(USGS) and D. W. Blake and E . L. Kretschmer
(Duval Corporation) . This system is related to
numerous small Tertiary(?) quartz monzonite in-
trusions . Near Copper Basin the emplacement of
most intrusive rocks was controlled by two promi-
nent fracture sets, one striking N . 70° W. and the
other north-south . The molybdenite mineralization,
including very minor chalcopyrite, is related mostly
to the N. 70° W. set. In addition, other mineralized
fractures striking approximately N . 45° W. and
N . 45° E . acted as important conduits for mineraliz-
ing fluids. Many of the molybdenite-stockwork veins
and their selvages reflect locally intense potassic al-
teration, and the veins typically contain potassium
feldspar-biotite-calcite-molybdenite, and quartz-
molybdenite-calcite-potassium feldspar±white mi-
ca assemblages. The molybdenite-bearing veins con-
tain abundant liquid plus vapor fluid inclusions .
Preliminary fluid-inclusion studies of these veins
suggest the bulk of the molybdenite mineralization
occurred during circulation of nonboiling to slightly
boiling, moderately saline fluids that range mostly
between 8 and 12 weight percent NaCI equivalent .
Temperatures were approximately 300° to 400°C .
The values of 8-0 of the water calculated to be in
equilibrium with hydrothermal quartz from molyb-
denite-bearing veins are +5 .7 to +6.2, an unusually
restricted range suggesting significant isotopic ex-
change with the walirocks. Last, the molybdenite-
stockwork system has been intruded extensively by a
series of late north-south-striking, westward-dipping
quartz latite porphyry dikes associated with minor
lead and zinc mineralization .

West-northwesterly structural zone controlled gold mineraliza-
tion at Manhattan in Nevada

Geologic mapping by D . R. Shawe in the vicinity

of Manhattan shows a major west-northwest-trend-g ing zone of faults that was probably a primary con-
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TO : S. Von Fay

FROM : F . T . Graybeal

"Wrigglite", or swirly layered structure

'The papers on wrigglite from Mr . Williamson forwarded by you bring to
mind two additional occurrences of a similar texture . One is in the
Christmas mine in Arizona briefly discussed by Perry ( Econ . Geol . , 1969,
p . 261-262) as a swirly layered structure accentuated by thin magnetite
bands . The rock is a thinly layered serpentine-talc-garnet-olivine-
sulfide-magnetite skarn which occurs as an epigenetic replacement of the
fetid dolomite unit of the Martin Formation . Although this rock does not
to my knowledge host the F-Be-Sn-W assemblage, specimens of it I have seen
are identical to the pictures attached to Mr . Williamson's report .

The second occurrence at Mt . Haskin, British Columbia, located about
15 miles east of Cassiar, is a swirly layered magnetite skarn exposed in
a trench and in core from several drill holes . Although petrographic work
is not available, the rock occurs as a . replacement of Paleozoic limestone
adjacent to the contact of a granite porphyry stock . Drilling along this
contact by Della Mines Ltd . (one of Andy Robertson's companies) established
a reserve of roughly 20 million tons of 0 .12-0 .15% MoS2 in a chert along
with discontinuous zones of Pb-Zn-Cu-Ag in the skarn . Small amounts of
fluorite were mapped along this contact and, as of 1969, no analyses had
been made for Sn-W-Be . This area is a few miles northwest of Reed Mtn .
which I understand is now being reviewed by the Vancouver Office .

F . T . Graybeallti

FTG :Ib

cc : TCOsborne
JHCourtright
WLKurtz
REGale
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MEMORANDUM FOR : Messrs . W .
J .
E .
R .

_D .
W .
E .
D .
J .

L .
C .
P .
E .
D .
D .
W .
M .
H ._

Kurtz P . G . Vikre
Balla A. Giesecke
Bay ley
Gale
Harper
Payne
Perkins
Smith, Jr .
Courtright

Rare Earth Elements in
Volcanogenic Environments

The attached paper which was provided by Mr . Gray proposes
a technique which may permit recognition of productive volcano-_
genic environments from barren environments . This paper should
be of some interest to you and your staff regardless of your
involvement (or lack of it) in these environments . The interest .
in rare earth geochemistry has been increasing over the past
decade but to my knowledge this . represents the first real appli-
cation to a subject of interest to explorationists . I suspect
there will be forthcoming attempts to apply the concepts des-
cribed to other types of deposits . The paper is recommended read-
ing and please circulate it to all members of your staff .

F . T. Graybeal

Enclosure

cc : RLGray wo/encl .
HCWilliamson wo/encl .
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Grant 80 Rare Earth Elements in Felsic Volcanic Rocks
Associated with Cu-Zn Massive Sulphide Mineralization

I.U. Campbell', P. Coad2, J.M. Franklin3, M .P. Gorton', T .R. Hart', S.D.
Scott', J, Sowal and P .C . Thurs.ton4_
'De rtment of Geology, University of Toronto

Tens, if Canada Ltd .

'Economic Geology Division, Geological Survey of Canada .
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ABSTRACT
Massive sulphide deposits are closely associated with
feisc volcanism. This association is believed to be ge-
netic and forms the cornerstone for most exploration pro-
grams, but unfortunately not all felsic volcanic rocks con-
tain ore. It seems likely that ore-bearing felsic volcanic
rocks have a different genetic history from barren feisic
volcanic rocks and, if this .is so, these differences should
be reflected in their rare earth element (REE) geochemis-

A A preliminary study of REE in Archean felsic volcanic
rocks has shown that those associated with ore have flat .
REEpatterns with well developed Eu anomalies whereas
those from barren volcanic rocks have steep REE pat-
fer~s with wee-; or absent Eu anomalies. The felsic vol-
canic rocks associated with ore can be sudivided into
"types: those itic and talc-alkaline . Those at the Kam-
Ke a, Matagami and South Bay mines are tholeiitic
whereas those at the Sturgeon Lake and Golden Grove
deposits are talc-alkaline .

The well-developed Eu anomalies in the ore-related
fetsc volcanic rocks indicate that the melt has undergone
a high degree of fractional crystallization en route to the
sw'.zce, suggesting the existence of a subvolcanic
magma chamber below the ore body . We believe that
these subvolcanic sills are, an integral part of the ore-
-tariig process and are therefore required for the forma-
tionof massive sulphide deposits .

The characteristic REE patterns of the ore-associ-
ated feisic volcanic rocks should help mining companies
in selection of areas for massive sulphide exploration .

INTRODUCTION

Aa important characteristic of Archean Cu-Zn massive
suhide deposits is their close association with felsic vol-
canic rocks . This association is believed to be genetic
and forms the cornerstone for most exploration program-
mes. The presence of felsic volcanic rocks on an explora-
tion property does not guarantee success, however, as
most are barren . If some way can be found to distinguish

between barren and ore-bearing felsic volcanic rocks, or
.if certain . types can be eliminated as potential target
areas, exploration companies will be able to direct their
efforts where they are most likely to succeed .

Where Cu-Zn deposits are found in areas of cyclic
volcanism, they .occur in specific units . For example, at
Sturgeon Lake they are found at the top of cycles 1 a and
1 b (Franklin 1978) and at Uchi Lake in the uppermost of
three felsic horizons (Thurston, in press) . The implication
is that certain felsic volcanic rocks, by virtue of their ge-
netic history, are associated with massive Cu-Zn minerali-
zation. Although the genetic significance of REE patterns
is not always clear, we can be. confident that they are .
governed by fundamental partial melting and fractiona-
tion processes (Gast 1968 ; Shaw 1970) . There should
therefore be a distinct difference between the REE geo-
chemistry of barren and ore-bearing rocks .

500 ORE-BEARING FELSIC VOLCANICS
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Figure 1--Chondrite-normalized REE patterns for seven
ore-bearing felsic volcanic units . Data for Ma-
tagami Lake unit from MacGeehan and Ma-
cLean (1980).
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GRANT SO REE IN FELSIC VOLCANIC ROCKS

To test this hypothesis we have commenced a study
of t-he trace element geochemistry of ore-bearing felsic
volcanic rocks, paying special attention to immobile trace
elements such as Y, Ti, Zr and the REE . In this report we
present preliminary data from four ore-bearing units . The
results are encouraging and should be of interest to min-
ing companies .
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Figure 2-A. Chondrite-normalized REE patterns for six
barren felsic volcanic units from the Skead
area, .Abitibi "greenstone" belt. (From unpub-
lished data, Goodwin and Gorton). B. REE
patterns for six barren felsic volcanic units. 1
= Marda dacite (Taylor and Hallberg 1977) . 2

Middle Marker porphyry (Glikson 1976), 3
= Marda rhyolite (Taylor and Hallberg 1977),
4 = Rhyolite, cycle 4, Sturgeon Lake, 5 =
Hanging wall quartz-eye ash flow, Golden

' Grove, 6 = Onverwacht porphyry (Glikson
1976).
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Prior to the commencement of this study Thurston (in
press) demonstrated that the REE patterns of samples
from the ore-bearing horizon of the South Bay Mine were
distinctly and consistently different from those of the other
horizons . He found that the patterns from ore-bearing ho-
rizons were only slightly enriched in light rare earth ele-
ments (LREE) and had a pronounced Eu anomaly
whereas those from barren felsic volcanic rocks showed
strong LREE enrichment and Eu anomalies were weak or
absent. Thurston has also presented REE patterns of a
reconnaissance nature for ore-bearing volcanic rocks
from the Kam-Kotia area near Timmins, Ontario . These
patterns appear to be similar to those of the South Bay .
ore-bearing rhyolite .

RESULTS

The data from our . study, together with one pattern ob-
tained from the literature, are presented in Figure 1 . The
patterns from the ore-bearing felsic volcanic rocks are
characteristically flat (low La/Lu ratios) and have well de-
veloped Eu anomalies . REE patterns for barren fe!sic vol-
canic rocks from the Abitibi "greenstone" belt are pre-
sented in Figure 2a and for other "Dreenstone" belts in
Figure 2b. With one exception, they? show strong LREE
enrichment and Eu anomalies are weak or absent . The
exception is a rhyolite from the Marda area in Western
Australia. It has a flat REE pattern similar to those in Fig-
ure 1 and a well developed .Eu anomaly . Significantly,
several showings of Cu-Zn mineralization have been
found in the Marda area, but none has been shown to be
economic .

EFFECTS OF ALTERATION

The volcanic rocks which host massive Cu-Zn sulphide
deposits are invariably altered . MacGeehan and Ma-
cLean (1980) have suggested that the alteration associ-
ated with massive sulphide deposits can result in mobili-
zation of.so-called "immobile" trace elements such as Y,
Zr, Ti and REE . Before REE can be used as a guide to
area selection in massive sulphide exploration, some as-
sessment must be made-of their mobility . We have begun
such a study in the Sturgeon Lake area. Here Franklin et
a!. (1975) recognised two types of alteration : pervasive,
low intensity alteration extending up to 4 km from the ore
deposits, and more localized high-intensity alteration
which forms the alteration pipes below the ore bodies . .
We have collected samples from both alteration zones
and from the unaltered rhyolite . REE patterns from the low
intensity alteration zone, which is characterized by alkali
depletion, are identical to those from unaltered samples .
Samples from the mine rhyolite, collected from the altera-
tion pipe below the ore body, have variable REE patterns
and do show evidence of REE mobility . They.have a lower
REE content than unaltered rhyolites and most samples
show evidence of heavy rare earth element (HREE) en-
richment (Figure 3d) . Chloritized samples from Golden
Grove and Kidd Creek also show HREE enrichment .
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Figure 3-Chondrite-normalized REE patterns for rhyolites from Sturgeon Lake . A. 6eidelman Bay Complex; B. volcanic
cycles l a and 3; C. volcanic cycle 1b; D. samples from the alteration pipe below the Mattabi Mine .

SUBVOLCANIC .MAGMIA CHAMBERS

The flat REE patterns of ore-bearing horizons with their
characteristic Eu anomalies indicate that the parent mag-
mas have undergone extensive fractional crystallization,
implying the existence of magma chambers beneath the
ore deposits. This hypothesis is in agreement with current
theories for the origin of the Kuroko massive sulphides .
These deposits, like Archean massive sulphides , are typi-
c ily accompanied by extensive alteration zones . Calcu-
lations by Cathles (1978) and Urabe and Sato (1978) indi-
cate that the. heat released by the rhyolite dome during
vo!car:isrn can produce only a small fraction of the heat
necessary to drive the required hydrothermal . system .
They predict the existence beneath the ore deposits of a
shal!o.v-level magma chamber which they argue would
act as a heat engine.

Archean massive sulphide deposits, unlike the Ku-
roko deposits, are turned on their side,- exposing their
"plumbing" for inspection and sampling . Significantly,
most Archean massive sulphide deposits have subvol-
canic sills (high-level magma chambers) in their foot-
walls. Examples are found at Uchi Lake, Snow Lake, Stur-
geon Lake, Noranda, Kam-Kotia and Matagami . Two
examples are illustrated in Figures 4 and 5 .

We have tested this hypothesis by comparing the
trace and major element abundances of the ore-bearing
felsic volcanic rocks with those of the subvolcanic
magma chamber. Typical results from Sturgeon Lake and
Kam-Kotia are given in Figures 3 and 6 (REE) and in Ta-
bles 1 and 2 (major elements)'. It is clear from these re-
sults that these subvolcanic sills were the magma cham-
bers which fed the overlying volcanic sequence . We
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Figure 4-Simplified plan of the KKm-Kotia area showing
the relationship betweerr the volcanic rocks
and the subvolcanic magma chamber. Dips in
the area are steep and stratigraphic tops face
northeast.

believe this link is important and that the subvotcanic sills
_ form an essential part of the ore-forming system .

RESULTS FOR INDIVIDUAL
AREAS
1. STURGEON LAKE AREA
The geology of the Sturgeon 'lake area is described by
Franklin et al. (1975; Franklin 1978) . Three cycles of vol-
canism are recognized, a typical cycle having basaltic
andesite at its base and felsic pyroclastic rocks at the
top. The ore deposits are found at the top of cycles 1 a
and 1 b (see Figure 5) . The base of the sequence is . in-
truded by a subvolcanic sill, the Beide!man Bay Com-
plex, which geochemical evidence suggests is the
magma chamber which fed cycles 1 a . 1 b and 2 . The bar-
ren felsic volcanic rocks of cycle 3, however, had a differ-
ent source. Their REE patterns are steeper than those of
the Beidelman Bay Complex and they have no Eu anoma-
lies (Figure-3b) .
. Franklin (1978) has divided the Beidelman Bay Com-

plex into two zones : an outer quartz diorite margin or rim
and an inner trondhjemitic core . The outer dioritic margin
has a calc-alkaline REE pattern, no Eu anomaly and an
Si02 content of 65 percent . whereas the inner core has .
Si02 contents in the range of 74-78 percent. higher REE
contents and strong Eu anomalies (Figure 3a) . The inner
liquid has clearly developed from fractional crystallization
of a parent liquid represented by the outer dioritic margin .
This has two effects on the REE pattern, firstly it raises the
level of REE in the melt, producing a pattern parallel to
that in the original melt but at a higher level and, second-
ly, it results in the development of a Eu anomaly . Frac-
tional crystallization cannot be the result of crystal settiing
as the rate of separation of crystals from melt in a viscous
felsic magma is too slow to produce efficient fractiona-

01 234 l^ N
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.'. OR£BODIESVOLCANiCS BRECCIA I

Figure 5-Simplified plan of the Sturgeon Lake area
showing the relationship between the Beidel-
man Bay Complex (subvolcanic trondhjemite)
and the ore deposits. Dips in the area are
steep and stratigraphic tops face north.

ton. It is more likely that the intrusion has crystallized
from the outside in, the liquid being separated from the
growing crystals by a combination of diffusion and con-
vection . Most petrologists studying layered intrusions
now accept that fractional crystallization results from in
situu growth of the cumulus minerals at the sides and floor
of the magma chamber (Campbell 1973, 1978 ; McBirney
and Noyes 1979; Irvine 1980) and this would seem the
most viable mechanism to explain fractional crystalliza-
tion in granitoid magmas .

2. KAM-KOTIA AREA

The massive sulphides of the Kam-Kotia area are associ-
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Figure 6 -REE patterns for the Kam-Kotia subvolcanic
magma chamber and the ore-associated
rhyolites.
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Table 1-Major element abundances in rocks from Kam-Kotia Mine area

Sample No .

Si02

Ti02

A1203 .

FeO*

~ inO

Mfg0

Cal)

Na20
K20

P
2''5

Loss

TOTAL

1 2 3 4

49 .77 47 .20 51 .73 50 .94

1 .07 0 .76 1 .37 1 .13

14 .40 15 .05 13 .67 12 .40

10 .93 9 .14 12 .95 13 .37

0 .19 .0 .10 0 .23 0 .38

6 .43 8 .25 5 .87 7 .70

10 .17 . '8 .45 7 .79 3 .73

1 .53' 2 .76 3 .89 1 .31

0 .63 0 .22 0 .50 0 .26

0 .20 0 .03 0 .11 0 .14

2 .75 .6 . 77 2 .86 7 .01

1. H. CAMPBELL ET AL .

5 6 7 8 9

73 .17 71 .20 72 .32 73 .12 : 77 .58

0 .32 -0 .35 0 .53 0 .28 0 .27

10 .71 10 .36 . 11 .77 : 11 .62 11 .15

4 .50 5 .10 . 5 .59 3 .45 1 .41

0 .02 0 .08 0 .11 0 .01 0 .01

0 .04 0 .45 0 .22 0 .99 0 .18

1 .33 1 .55 4 .17 0 .47 0 .16

5 .51 5 .21 0 .63 2 .50 0 .67

0 .89 1 .57 2 .15- 4 .89 8 .16

0 .03 0 .03 0 .10 0 .04 - 0 .03

3 .58' 4 .62 2 .19 - 2:89' 0 .95

98.07 98 .73 100 .97 98 .37 100 .10 100 .52 99 .78 100 .26 100 .57

Sample Description : No. 1-2 gabbro, 2-3 basalt, 5-6 granodiorite, 7-9 rhyolite .

-'Total Fe as FeO

ated with a bimodal sequence of rhyolite and tholeiitic ba-
salt . This sequence is underlain by a large layered tholei-
itic sill which has fractionated with a strong Fe-enrich-
ment trend (Middleton 1974) . At the top of the sill is a
layer of granodiorite which is geochemicalty similar to the
overlying felsic volcanic rocks (Figure 6) . Although the
granodiorite is clearly related to the underlying gabbro it
is unlikely to be the product of simple fractional crystalli-
zation since Fe-enrichment in a tholeiite is typically ac-
companied by Si02 depletion (Wager and Brown 1968) .
One possible explanation for the granodiorite is that it
separated as an immiscible liquid during the final stages
of fractionation of the sill . Immiscible liquids are a com-
mon feature in Fe-rich tholeiites (McBirneyand Nakamura
1974 ; Gelinas et al. 1976) and it is possible that, during

the final stages of crystallization, the magma may have
split into two immiscible fractions; a fetsic liquid and an
Fe-rich tholeiite . Studies of the partitioning of REE be-
tween immiscible felsic and mafic melts have shown that
the REE preferentially enter the mafic liquid but that the
La/Lu ratio in the two liquids is the same (Hess 1980) . -
La/Lu ratios in the granodiorite are similar to those in the
felsic volcanic rocks and the underlying gabbros, but we
have not yet found Fe-rich tholeiites with-a REE content
greater than that of the granodiorite .

An alternative explanation is that the granodiorite
represents the Si02-rich top of the type of zoned magma
chamber envisaged by Hildreth (1979) . We suggest that
the felsic volcanic rocks of the Kam-Kotia area are the
eruptive equivalent of the granodiorite and that both de-
rive their flat REE patterns from their tho!eiitic parent .
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_ Table 2-Major element abundances in rocks from .Sturgeon Lake area .

Sample No . 1 2 3 4 5 6 7 8

Si02 61 .47 73 .88 . . 73 .95 73.60 74 .30 73 .62 70 .16 77 .36

Ti02 0 .75 0 .51 0 .30 0.68 0 .39 0 .50 0 .35 0 .19

A1203 15 .05 13 .54 11 .93 12 .88 11 .23 13 .29 . 11 .92 10 .95

FeO* 5 .74 2 .17 3 .14 "6 .32 5 .12 2,17 5 .41 1 .40

Mn0 0 .05 0 .03 0 .06 0.16 0 .09 0 .03 0 .10 0 .03

MgO 2 .26 1 .04 0 .72 1.54 3 .31 1 .24 1 .25 0 .74

CaO . 4 .07 2 .39 1 .46 0.24 0 .49 2 .36 2 .16 1 .53

Na20 4 .09 . 4 . .43 4 .93 0 .16 0 .15 2 .35 1 .09 0 .43

K20 1 .28 1 .19 0 .85 © . 46 1 .58 1 .18 1.84 3 .17

P205 0 .14 0 .06 0 .03 0.14 0 .04 0 .05 0 .03 . 0 ..00

Loss 4 .07 1 .20 1 .79 .2 .27 2 .66 2 .59 4 .14 3 .67

TOTAL 98 .97 100 .44 99 .16 98 .45 99 .36 99 .38 98 .45 99 .47

1 Beidelman Bay Complex , rim ; 2-3 Beidelman Bay Complex, core ;

4-7 cycle la ; 8 cycle lb .-

3. KIDD CREEK MINE AREA

We have analysed eleven rhyolite samples from the mine
area and three massive sulphide samples . All of the
rhyo!i ;es have flat REE patterns similar to the Uchi Lake
rhyolites but have much stronger Eu anomalies (Figure
7a). The patterns show significant variations in La/Lu and
La/Sm.ratios which could be due to, fractionation of an ac-
cessory phase in the magma chamber or mobility of the
PEE during alteration of the rhyolite. Two patterns (Figure
7b) . are HREE-enriched suggesting the introduction of
some HREE by the mineralizing solutions . Analyses of
two massive sulphide samples gave LREE-enriched pat-
terns (Figure 8) and hence failed to support this hypothe-
sis (see a!so Graf 1977) .

4 . UCHI LAKE

The ore at the South Bay Mine in the Uchi Lake area is
associated with rhyolite flows and a high-level quartz-
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feldspar porphyry intrusion . Both the porphyry and the
thyolites have the same flat REE patterns with well -devel-
oped Eu anomalies (Figure . 9) and are clearly cogenetic .
The porphyries are believed to be the feeder connecting
the rhyolites to an underlying subvolcanic magma cham-
ber. The existence of a subvolcanic chamber is consist-
ent with gravity studies (Thurston, personal comriwnica-
Von) .

We have studied the effects of alteration on REE pat-
terns by comparing analyses of unaltered rhyolites with
diyolites from the alteration pipe below the ore body . Dif-
ferences between altered and unaltered rhyolites are
negligible .

DISCUSSION
.MacGeehan and MacLean (1980) have argued that
talc-alkaline " rocks associated with massive sulphides
at Matagami . Quebec, are actually an altered tholeiitic
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Figure 7-REE patterns for rhyolites from Kidd Creek . A.
moderately altered rhyolites from the mine
area; B. highly altered rhyolites collected
within a few feet of massive ore.

sequence which, as a consequence of the alteration pro-
cess, have developed the chemical signature of ande-
sites. The Kam-Kotia sequence is similar to that de-
scribed by MacGeehan and tvlacLean . Both consist of
bimodal sequences of rhyolite and tholeiitic basalt under-
lain by large gabbroic sills and are clearly tholeiitic in
character. This conclusion, however, does not apply to
Sturgeon Lake.-Both the Beidelman Bay Complex and the
overlying volcanic rocks are talc-alkaline in both their
major and minor element geochemistry . Thus Cu-Zn mas-
sive sulphide mineralization can be associated with calc-

alkaline or tholeiitic felsic. volcanic rocks . Preliminary
studies of other massive sulphides suggest that the felsic
volcanic rocks associated wi :h the South Bay . Matagami. .
and possibly the Kidd Creek deposits are tholeiitic in
character whereas those associated with the Gorden
Grove (Western Australia) and Kuroko deposits are calc-
alkaline (Campbell et al. in press) .

Thurston (in press) has suggested that the high
HREE content of the ore-associated felsic volcanic rocks .
may be due to the introduction of HREE by the ore-bear-
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Figure 8-REE patterns for two samples of massive sul-
phide from the Kidd Creek Mine area .
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area .
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ing solutions . .. Our study has shown that .the distinctive
REE patterns of the ore-bearing felsic volcanic rocks are
not confined to the volcanic rocks adjacent to ores, but
persist over the entire length of the ore-bearing strati-
graphic unit . It seems unlikely that the ore-forming solu-
tions could have enriched such an extensive volume of
rock in the HREE . We believe that the REE geochemistry
of the ore-bearing felsic volcanic rocks is a primary fea-
ture which results from a partial melting process in the
crust or upper mantle and subsequent fractional crystalli-
zation .

The geochemical link between subvolcanic sills and
ore-bearing felsic volcanic rocks demonstrated in this
study suggests that subvolcanic sills are an integral part
of the ore-forming process . The simplest explanation is
that subvolcanic sills play a passive role in ore formation,
acting purely as the heat engine which drives the hy-
drothermal system. In this model, sea water converts
through the volcanic pile, producing extensive alteration
of the mineral assemblage and leaching out the base
metals which are subsequently re-deposited at the sea
floor by submarine hot spring activity . It this model is cor-
rect, the link between ore deposits and fractionated REE
patterns may be connected with the role of volatiles. Vola-
tiles concentrate during the final stages of fractionation of
a magma and, if the vapour pressure exceeds the confi-
ning pressure, explosive volcanism will result. Massive
sulphides are invariably associated with . pyroclastic
rocks, suggesting that the role of explosive volcanism, in
breaking up the volcanic pile and increasing its porosity,
may be an essential requirement for ore formation .
• There are two other possibilities which should also
be considered, both of which require the magma cham-
ber to play a more active role in ore formation . The first is
that hydrothermal fluids derive much of their base metal
content from the sill by passing through the top of the
cooling magma chamber immediately following solidifi-
cation of the pluton but while its temperature is still well in
excess of 300'C .

The second possibility is that the ore-forming solu-
tions are derived directly from a subvolcanic magma
chamber. Volatiles and . certain base metals (including
Cu, Zn and Pb) behave as incompatible elements during
silicate fractionation and concentrate in the residual liq-
uid . Eventually, during the final stages of fractional crys-
tallization, a hydrothermal fluid, rich in alkalies and cer-
tain base metals (Cu, Pb and Zn) and precious metals
(Au and Ag), will separate from the silicate liquid . If the
magma chamber leaks, this fluid may escape to the sea
floor and form an ore-deposit . Recent isotopic studies of
the Kuroko deposits in Japan (Ohmoto and Rye 1974 ; Pi-
sutha-Arnond and Ohomoto 1980) suggest that the solu-
tions which formed these ore-bodies may have contained
up to 20. percent magmatic water, the remainder being
sea water. Thus, if subvotcanic sills play an active role in
ore genesis, most of the water involved must still be sea
water which has either diffused into the magma chamber
or mixed with the magmatic fluids en route to the surface .
It should be noted that REE geochemistry cannot be used
to distinguish between the possible roles of subvolcanic
sills .

CONCLUSIONS

It must be stressed that the results presented in this re-
port are preliminary . Although a!I of the ore-bearing felsic
volcanic rocks studied to date show similar distinctive flat
REE patterns, it does not follow that all ore-bearing felsic
volcanic rocks will have this type of, REE zgeochemistry .
Further testing is needed to clarify this point. Neve the-
less it does appear that felsic.voicanic rocks with flat REE
patterns and pronounced Eu anomalies are prime explor-
ation targets and we hope this information will assist min-
ing companies in their search for massive sulphide de-
posits .
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I confess with some embarrassment that it has been so long
since I received the attached publication that I can't remember
who . sent it to me and therefore IL'm sending it out-to everyone ..
The subject is "Seafloor Hydrothermal Systems" but it focuses
directly on the black smokers at 21°N, possible smoker textures
in known massive sulfide ore deposits, and in one place ad-
vances the hereiral concept that rhyolitic rocks are not neces-
sary for the formation of the Noranda-type massive sulfide
deposits . In addition, there are some very interesting comments
on the origin, of lifee which, if correct, . may generate more
interest than the concept of plate tectonics has over the past
decade . Although this publication may not be relevant to your
exploration programs, it is very timely and interesting and I
hope you will circulate this paper to all of your staff .

F . T . Graybeal

Encl .
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W_`1' Southwestern Exploration Division

October 30, 1981

FILE MEMO

Deep . Fluid Penetration
and Ore Deposition

In the attached paper .on processes involved in the formation
of hydrothermal deposits in submarine environments, the authors
propose broader applications for exhalative type occurrences .
Their observations and conclusions include :

1) Fluids of primary magmatic origin are quantitatively
insignificant in geothermal systems .

2) Thermally driven fluid convection systems form deposits
rangingg from massive sulphides to chemically . enriched
sediments, or widely dispersed values (veins) . The latter
includes gold-bearingg carbonate and silicate facies iron
formation (Timmins, Red Lake) .

3) Such systems may include relatively immobile elements -
chromium, nickel, tungsten, tin, platinum . Some massive
chromite and/or nickel deposits, previously classified .
as magmatic, may be exhalative-hydrothermal in origin .

4) Exploration suggestions include locating ancient hot
spots beneath impermeable cap rocks .

J . H . Courtright

JHC/sk

cc : RLB
WLK/WDP
DMS
JCB
DDHarper
RE Gale
RSGray
JJMerz
HCWilliamson
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R. W. HUTCHINSON, W. S. FYFE, and R . KERRICH
Department of Geology, University of Western Ontario, London, Ontario, Canada N6A 5B7
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'~ Rocky Mountain C

ASARCO „' Exploration Division

April 24, 1978

Memorandum for: J.C . Balla RECEIVED
D . P . Cadwell .
J .V. Desvaux APR 27 1978
R .E . Gale EXPLORATION DEPT.
F .T . Graybeal
D.M . Smith, Jr .

Wrigglite (Ribbon Rock)

The attached papers on wrigglite (ribbon rock) from Mr . H .C . Williamson
are very interesting . These deposits appear to be quite large, but relatively
low grade occurrences of CaF2, Be, Sn and W03 .

The most common "ore" mineral at Iron Mountain, New Mexico is magnetite,
and it was drilled by a major iron company in the early '40's as possible
iron ore . It is, I believe, the largest known Be deposit in the U .S . The
fluorite (8-12%), at this occurrence, unfortunately carries Be as an impurity,
and in general metallurgy and separation is difficult, It is, however, in a
tin province . The Taylor Creek tin area is just to the north and west .

St e o fy

SVF : slr
_ cc: TCOsborne, w/o enclosures

JHCourtright, w/ enclosures
TCWilliamson, w/o enclosures
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ASARCO (AUSTRALIA) PTY . LTD .
190 HAY STREET EAST. PERTH .

WESTERN AUSTRALIA 6000
TELEPHONE : PERTH 325 9533

CABLES: "ASARCO PERTH"

PLEASE ADDRESS MAIL TO :
ASARCO (AUSTRALIA) PTY . LTD .
P .O. BOX 6010
HAY STREET EAST. PERTH 6000
WESTERN AUSTRALIA

April 19, 1978 .

Mr . S . Von Fay
Senior Geologist
DENVER OFFICE

Literature Search
"Wrigglite" (a magnetite
fluorite SnO W03 bearing
sediment) .*

Dear Mr . Von Fay . :

A recent discovery of a major disseminated . fluorite
cassiterite wolframite deposit by Comalco at the Shephards
& Murphy Mine, Mo'ina, Tasmania (41°29 .5' latitude, 146°04 .5'
longitude), has highlighted a distinctive rock called
"wrigglite" or "ribbon rock", as a. potential economic source
of fluorite, tin and tungsten (see File Memo, March 13,
1978, attached) .

We have recently obtained a copy of Mr . Askin's unpublished
thesis entitled "Wrigglite - An Unusual Fluorite Bearing
Skarn, Mt Garnet Region, North Queensland, Australia", and
we attach pertinent portions . Askin, the Comalco exploration
manager in Tasmania, states that Moina is the world's largest
fluorite-deposit (G . Purvis, pers . com .) . 'Askin was aware of
Lost River, Seward Peninsular, Alaska deposit containing 38
Mt of 16% Ca F2 and about 0 .1% Sn before moving to Tasmania
(Thesis, p . 37) . On this basis the Moina deposit is thought
to contain 40 to 50 Mt of 10% Ca F2, 0 .1% Sn and 0 .1% W03 .

Askin defines wrigglite as a fine-grained rhythmically bedded
contorted sediment cdmmonly consisting of layered magnetite
fluorite idocrase with minor helvite, cassiterite, cuspidine,
wolframite, scheelite, garnet and sulphide enriched zones of
sphalerite, pyrite, chalcopyrite, galena and bismuthinite .
Askin considers the Mt Garnet and Moina deposits, skarns,
spatially and temporally associated with greisenization in
the granite . However, field evidence and Purvis (pers . com .)
suggest that the Moina deposit is a stratiform occurrence • J
with no c lose relationship to gra e . The nearest margin of b('`' 7
the Dolcoath batholith occurs 3 km east of Moina . o„ - ~Dr

Mr . Askin's literature search has recognised nine wrigglite
occurrences throughout the world (Page 31, Fig . 28) . The
occurrences within the,free world are Lost River, Alaska ;
Iron Mountain, New Mexico ; Mt Garnet, Queensland ; and Moina,
Tasmania .

It is of interest that Askin recognised the Moina wrigglite
from personal discussion and initiated the acquisition of the
ground from the Tasmanian Department in 1974 (Thesis , p . 41) .
At the time of acquisition , Comalco ' s EL 7 /74 was within
Asarco 's EL 7/73 but the ground was a Mines Department Reserve
and excluded from EL 7/73 . Extensive zones of Moina Sandstone,
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the host for the Moina fluorite cassiterite and wolframite,
exist within EL 7/73 and-these occurrences should form a
prime target for exploration under the CRAE-ASARCO joint
venture .

The Moina discovery emphasises the need to be aware of the
potential of fine-grained banded magnetite rocks as possible
host for fluorite, tin and W03 deposits and re-emphasises
the instruction issued recently by Mr . Osborne to analyze
samples from new prospects for unexpected elements .

Yours sincerely,

H .C . Williamson

cc TCOsborne

Attachments : File Note dated March 13, 1978, by H .C .
Williamson, titled Fluorite - Shephards
& Murphy Mine, Moina, Tasmania .

P . Askin's report, pages 2 to 4 and 30 to
45, Figs . 1, 11, 16 and 28 .

Assay of samples of wrigglite from Moina .
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ElI.H NOTE :

Fluorite
Shephards & Murphy
Moina, Tasmania .

Recently, Mr . G . Purvis, CRAE Sheffield project
geologist at 13urnie, Tasmania, informed me that Comalco, an
aluminium company associated with the CRA group and holding
E .L . 7/74 adjoining our E .L . 7/73, has made a significant
fluorite discovery at Moina . The discovery was made by a
Mr . Askin of Coma].co who recognized. the disseminated
fluorite in a quartz magnetite sandstone outcropping at the
site of the mill of the Shephards &,Murphy mine at Moina .
An inspection of the discovery site was made on Saturday,
February 4, but dense forest and overgrown tracks prevent a
full examination of the district .

PREVIOUS INVESTIGATIONS

Mr . Askin has investigated disseminated fluorite
deposits in Eastern Australia and has recognized and reported
on a distinctive contorted and banded fluorite quartz
magnetite rock which he has called "wrigglite" (Askin un-
published M .Sc . Thesis) . Askin, now working out of
Devonport, Tasmania, recognized wrigglite on the hillside
behind the mill at Moina .

Asarco examined the Shephards & Murphy mine at Moina in
].971 while conducting a reconnaissance of Palaeozoic granites
of Tasmania for Cu and Mo . Four samples ( 13028-13031) were
collected from the Sh,ephards & Murphy mine and analysed for
Cu, Pb, Zn and Mo, but no further action was taken .

The Moina district was excluded from our original
application for E .L . 7/73 as the ground was held under a
special lease by the Tasmanian Mines Department but was sub-
sequently acquired by Comalco .

Extensive investigations have been made of the Moina
district and in particular the Shephard's & Murphy mines (see
Appendix A) and it is significant that the occurrence of
fluorite has remained undetected for so long .

PRESENT INVESTIGATIONS

The Moina Sandstone containing the fluorite is *well
exposed in the bench cut made for the mill and in recently
completed osteans south of the old mill site , and the Moina
Sandstone occurs . extensively in nor thern Tasmania .

't'he rock is a strongly contorted and handed fine to
li';f:C11.Ui ,j am ed sandstone with al.tecnl e bands of
quartz with pink fluorite and magnetite, each band varying
from 3 to 8 mm in width with some irregular cross cutting
%-~~i .r:s of quartz . A pet=r.oiraphi.c description i.s attic:hed .
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Purvis reports that Comalco have completed an
extensive drill programme (to within 500 metres of our E .L .)
and have outlined a significant disseminated fluorite
deposit carrying 10% fluorite and 0 .1% W and 0 .09% Sn .
(Purvis states that Comalco considers this the world's
largest fluorite deposit .)

CONCLUSIONS & RECOMMENDATION

The disseminated fluorite deposit is a stratigraphic
occurrence in the'Moina Sandstone containing sub economic
but possibly extractable tin and tungsten .

The extensions of the Moina Sandstone on E .L . 7/73
should be examined .

This unusual occurrence should not be neglected in
exploration for fluorite, tin and wolfram sources .

We are endeavouring to obtain a copy of Paul Askin's
M .Sc . Thesis from James Cook University in Townsville .

L

H .C . Williamson

Attachments
Appendix A - References

" B - Extract from Technical Report No . 28 by
Jack Salkoski, Asarco, April 1971 .

Petrographic Descr'iptioin . .
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APPENDIX A .

REFERENCES :

Twelvetrees (1909), Gunns Plains, Alma and other Mining
Fields . Bull 5, G.. Suv . Tasm .

Twelvetrees (1913), The Middlesex and Mt Clute Mining Field .
Bull 14, G . Suv . Tasm .

Reid (1919), The Mining Fields of Moina, Mt Claude and
Lorinna ; Bull 29, G . Suv . Tasm .

Jennings (1958), The Round Mountain District . Bull 85,
G . Suv . Tasm .

------ (1957), Moina Tin Tungsten deposits . Tech . Rep . 2,
Dept of Mines . Tasm .

Everard (1958), Petrological Notes, Mt Beulah Tech .
Rep . 3, Dept of Mines, Tasm .

Everard (1959), Petrological Notes, Sheffield Tech . Rep .
4, Dept of Mines, . Tasm . .

F .D . Bumstead Report for B .H.P . on E .L . 15/65 . 1969 .

G .I . Wilson Report for New Consol . Gold Fields Aust .
,Pty . Ltd . 1962 . Lic . 378 .

G . Loftus Hills Report on Moina Tin-Wolfram, Bismuth
Prospect (1952) .-

N . Cochrane Final Report on E .L . 15/65 for B .H .P .
(Oct . 1970). .
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37 - SHEFF IELD

APPENDIX B

The northern two thirds of this sheet consists of undulating

hills with good road access . The granite near Beul'ah and

Paradise is poorly exposed but has road access . Exposure of

Dalcoath granite is now partially covered by Lake Pethana .-

Topography in this southern portion is steeper and fores .tation

is heavier . Hydro-electric operations . have closed off areas

which were formerly accessible .

Once an active area for load deposits of Sn, W, Bi, Au,'Mo . The

S & M Mine was the largest in the area and produced W and Bi .

The All Nations and Squib Mines were also producers of W and Bi,

but on a smaller scale . All had reported. molybdenite in the

quartz vein loads but its economic importance was marginal . The

Squib Mine is still working at the present time .

on : All reported mineralisation is found in quartz veins . surrounding

the granite . The host rocks for these veins are quartzites and

quartz porphyry volcanics and reported to be hydrothermally

altered . Exposures of Dalcoath granite seen during the survey
were deeply weathered and contained occasional quartz veining

but no associated mineralisation . Samples taken from the S &

M Mine area 13028-13031 show some quite high Cu,' Zn values e .g .

910,- 220, 950 - 170, 880 - 130 ppm for Cu and Zn ., The 910

value is due to chalcopyrite in quartz veining . The 950 and

380 values are from disseminated sulphides in quartzite and
could be of interest, but can only be observed in a 20 foot

jlldozer cut . Other samples taken at . All Nations. mine showed

poor results although some mo .lybdenite was present in quartz

veins .

The areas around the S & M and All Nations mines has been under

considerable investigation . The area, prospected at the S & M

mine has been covered by a 100 ft . magnetometer grid and

contains several bulldozer cuts .

,~F 1

-=_
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Ra1•



1 J

1"tEY0l1T N0 . 3077 ' /r L C c~ . A-

31148 . : Veined Strongly Altered, .Laminated (?) Sediment / ~ '. .

It is possible that all the relatively quartz--rich bands in this i,

rock are veins . However several look distinctly like laminae and

these differ in appearance slightly from the more obvious veins. Y

The "laminae" consist of granular quartz grains (up to 0 .4mm in

size) with minor intersticial? microcline (partly kaolinised) as

well as occasional small sheaves of muscovite and erratically

r' .
disseminated fluorite (10%) . The "veins" are generally similar

except that the quartz is heavily granulated-and fluorite is more

abundant (30-40%) . There is some transition between the two types 7

and if the "laminae" are indeed sandstone layers,' then the veining

process has also tended to effect these layers . The "veins" and

"laminae" together make up around 50% of the rock .

The remaining layers and lenses consist of a murky mixture of

minerals . Magnetite is present in most layers as small erratic -

stringers of minute subhedra . However, several magnetite-rich layers

are present, one consisting of magnetite cut by mihute,•erratic

t
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wh ro. • r ~t . t 1

stri ngers of biotite and quartz , thed other . of fine to medium-

grained areas ( now quartz, bi.ot'ite, fluorite and muscovite ) set in a

t;rotinchnass of magnetite .

Other layers consist mainly of large grains` of garnet, commonly

partly replaced by fine di .opside, green hornblende and'biotite, and

cut by quartz/fluorite veinlets . Other layers consist simply of

a fine mixture of magnetite, biotite and fluorite with or without

hornblende, diopside etc .

Polished M ount : This showed up little of interest apart from the

fine magnetite subliedra, often aggregated into semi-massive areas .

However one medium-grained pyrite porphyroblasts, partly replaced

by limonite was noted .

Remarks :

This is'a complex sample but' it appears to be a calcium-rich or

calcium metasomatised and iron-rich meta-sediment which has been

heavily veined, the metamorphic grade being reasonably high but with

retrograde alteration (mainly biotite) . Economic- minerals were not .

positively identified .

L
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Drill core.fran Llahsram•deposit,' Pinnacles area . PDil at about 26 .50 m. . : .

Massive wrigglite to the right, veinlets of wrigglite in marble to the left .

Fig.16
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5 .3 Concl«~; tin

Me close spatial relationships of these altered rock types

.suggests that each was formed in r es1ponse to the 'same mineralizing

fluid
i .e . granite -+- greisen

marble --a- wrigglite

basalt - '- calc silicate rock and fluorite skarn

siltstone -~- hornfels
It follows that wrigglite and probably all, other skarn and ca.lc-

sili_cate rock types formed after consolidation of the granite, not

during granite emplacment . Marble fonied prior to its replacement

by sk a n, so maimorizati.on might have accompanied granite intrusion .

probably some of the hornfeises formed also during granite .

intrusion . It is possible that only the bleached zones in the

siltstone hornfels were formed at the stage of wrigglite foruntion .

r
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10U%N' .IYRIGQLITU OCCURRENCES IN 'INE WORLD

6.1 IN FMUCrION

At least nine wrigglite occurrences apart from those at Mt .
Garnet have been reported throughout the world . . In approximate
order of discovery the localities are'

1 . Pitkaranta, USSR .

2 . Lost River, Alaska, U.S .A .

3 . Iron Tbuntain, New Mexico, U .S .A .

4 . Kazakh, USSR. .

5 . Siberia, USSR .

6 . Southern China (People's Republic)

7 .--Central Asia, USSR .

8 . Far East (Siberia) USSR .

9. Moina, Tasmania, Australia

The locality of each of these is plotted on Fig . 28 . A summary
of the geology and nature of the wrigglites in each locality
follows .

6 .2 .1 PI :AiRANTA, USSR .

Introduction

In this area is the first described wrigglite.occurrence . . Me
area is on the east side of the Lodbga Sea, now part of the USSR .,
but at the time of the discovery, about 1903, was part of Finland .
The deposits were discovered by 0 . Prustedt, a Finnish mining
engineer and geologist . The occurrence is described in detail by
T ustedt (1907) and reviewed by Eskola (1951) .
Geology '

Me structure of the area is characterized by gneiss dames
of Precambrian age, .overlain by a sequence of metasediments :,
marble, cale-silicate rocks, azhibolite,'-dolonitic marble and

mica schists . This complex is sharply cut by Precambrian Rapakivi

f 'a.nite, with which fluorite-tin-base metal minerali :zation in the

axea is associated . Me geology of the mineralized field is shoen

on Fig . 29. '

The Rapakivi granite is characteristically a porphyritic

lr
Y
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tic granite, having accessory flporite, as much as 0 .36% F .
,• Icl,oocxa

,11 sis of a cariposite mixture of 54 sanples (in Eskola, 1963)

Appendix 3 . A granitic aplite, a' differentiate of the

'' v1 granite, often with much finely disseminated violet

fluorite, occurs in r ny places . It shows that the granite
r

Plo;,ably underlies the ore fields at shallow depth .
41 mineralization characterisitic of each of the areas on

29 is as follow :

n} Old Mining Field : Cassiterite and magnetite, chalcopyrite and

spbalerite, in cavernous diopside-grossularite/andradite skarn,

tisKich replaces marble .

b) Ristaus and New Mining Field : Serpentinization, and magnetite-

chalcopyrite-sphalerite--cassiterite mineralization of dolomitic

marble . The serpentinization is extensive .

c) Eopunvaara: Wrigglite pipes and veins in dolomite .

d) T.upikko :, Beryllium bearing idocrase and helvite within variegated

shams .

M)e Iiopunvaaram wrigglite occurrences :

Trustedt found wrigglite'in a marble quarry within 30 m of the

contact with Rapakivi gianite . He referred to them as ore pipes .

lbey resemble tree stems often branching, growing through the marble .

They have concentric structure and consist of alternating dark
layers mainly of uragnetite and light layers of idocrase and fluorite .

Occasionally greenish garnet occurs instead of idocrase and sane

sulphide minerals'acconpany the magnetite . Serpentine is ., .
occasionally found in the pipes indicating the serpentiniza .tion of

the dolomite preceded formation of tivrigglite . the sequence of

formation of the wrigglite- according to Trustedt is sho ii in
Fib 30.

Trustedt's paper contains nim)erous photographs and diagrams

`` of "ore Pipes" shvti-ng identical texture and structure to the Mt .
Garnet virigglites. T'

Me serpentinized dolomite in the area often has a concentric
I •tlm,c layered structure ; serpentine and dolomite alternate in
layers 1 inn to 5 r:m thick . Trustedt called this texture Eozoon
structure because the so called 'Tozoonil were once thought to be

1-- fo sils. photo!;,aphs of the material in Trustedt's paper look like

flan banded rhyolite, and have similar texture to the layered
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cuspidine skarn at Mt . Garnet, which my be therefore texturally'

analogous . In places there is apparently evidence that the . , '

serpentine is an alteration of diopside .

The Lupikko beryllium be-axing. skarns :

Various skaz-n types occur here, from massive types to

rhythmically layered veins of wrigglite type . The min granite

body outcrops about 3 km away, but is probably not far below

because a dyke .of aplite and tourmaline bearing pegmatite occurs in

the mine at Lupikko .
The aggregate size of the variegated skarn•bodies is small,

about 10 x 100 m. They were mined in various parts for iron or for

tin and base metals . The replaced rock is dolomitic ruble .

Serpentine is abundant, and fluorite and idocrase coma n . Helvite

occurs occasionally as tetrahedra together with idocrase . -Eskola

(1951) reports up to 1 .25% Be0•in the idocrase .

6 .2 .2 . LOST RIVER, ALASKA

Introduction
This wrigglite occurrence was found in 190 '7, soon after the

Pitkaranta occurrence by A . Knopf of the U .S. Geological Survey,

It is in the central . York Mountains , Western Seward Peninsula, and

iss described by Knopf ( 1908 ) . Later reports which deal in pore

detail with related mineralization of the area are Steidtmarni and

Cathcart (1922 ),- Sainsbury ( 19P4 a., .1964 , b, 1969), Brown ( 1973) .

Tire Lost River area is the site for the potentially largest

fluorite mine in the world - reserves of over 38 million tonnes
exceeding 16O1o CaF2 and about 0 .1% Sn have been blocked out by

drilling by the Lost River Mining Corporation (McOuat, 1973) ."<

Geology
In the central York Mountain, argil1aceous limestoned :and

limestones of Ordovician age are thrust northward over slates and

argillaceous limestone of pre-Ordovician age . : Late C`retac'eous F'

stocks of biotite granite cut the thrust plates . Dykes of granite,

rhyolite porphyry and l m rophyre were later injected . along normal

faults which' in part post--date the granite stocks . Ore deposits of

tin, beryllium and fluorite were formed shortly after, probably

from solutions derived from the granite at depth .

The minera!ization in the area: is of several inter-related .

types :
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n) C,C 1-ci do posits . Most deposits consist of cassiterite bearing

topaz grei sen fonr)ed by replacement of granites and lamprophyre

and rhyolite porphyry dykes'. The largest deposit is the

Gassiteri.te Tode , Zone 'l Fig . 31, Abich is greiseni.zed quartz

_ porphyry, 2 m to 4 m thick and about 3000 . .m long..

b) S deposits : These exist only within "about 300 metres of 4~~

granite ontacts . Skarn occurs in the lost River Tin Mine_ (the

G1ssiteri_te Lode), in the lower levels near a granite cupola :

'Me granite does not reach the surface. .Strain also occurs at

Tin Creek, Zone 4 Fig . 31, surrounding the granite bots, . The .
variation in skal"n types has not been described, but "banded

tactite" is mentioned in the drill logs by Sainsbury (1964) in

the Lost River TincMine, and wrigglite 'at Tin Creek has been

described in detail by Knopf . According to Steidtmann and

Cathcaxt (1922) skarn surrounding the other granite bosses in

the region consists chiefly of massive unlayered green

hornblende, pyroxene, idocrase and "minor fluorite .

;) Replacement veins, stockworks : ' Veins and veinlets chiefly of

fluorite, but usually containing high concentrations of

beryllium minerals, occur in several zones, mainly as "

replacements of limestone . Abst zones, .lie along the Rapid .River

Trust, (Zones 3, 4, 6, 7 Fig 31) .
The largest deposit is a stockwork surrounding the

Cassiterite Lode-this is the main zone, Zone 1, of the Lost

River Mining Corporation's fluorite reserves . It contains, only .

trace concentrations of beryllium .

The largest beryllium bearing stockkork is at Camp Creek,

(Zone 2 on Fig . 31) . Wost of the vein material contains BeO in

the range 0 .3 -1.75% . . About 1 million tonnes of +0 .2% BeO had

been indicated by private companies up to•1964 (calculated from
Sainsbury, 1969), but the zone or zones Kiiere these reserves

have been indicated is not stated ., The beryllium mineral is

rrainly very fine grained chrysoberyl . These veins are cosrmonly

finely layered and texturally resenble wrigglites .
-_? f`f• li_i`e cx:Currences

'nee nain locality for vxigglites is Tin Creek ; however he

c.~l :w urk veins often show wri.gglite lice tex -uret

tn_ I;nopf (1908) refers to the wrij;glite mineralizati .on here
D
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.^ ,~ as "orbicular contact metarnoiplv_sn" . The wrigglite 'occurs chiefly

. ; `. pipe-like sha es composed of "an alternating succession of black

and \ bite bands, con ronly a mi11meter or .so in breadth", (Knopf,

The mineral composition' in order of abundance ' is fluorite,

hornblende, idocrase, plagioclase (Ab3An7)and magnetite . The light
layers ccrosist of mutual inter 'o"ths of fluorite and plagioclase,

t; and the dark layers fluorite with, hornblende and/or idocrase and

cannonly so. ma Lnetite . Sainsbury (1969) reports that there is as

rjch as 0 .450 BeO in the rock . It is present as heilvite grains up

to 2 nm in diameter, conmonly in the magnetite layers . The idocrase

has a tendency to form radial groups of short stout colurims . The

w central part of the pipes contains coarser calcite-idocrase-

fluorite-hornblende or fluorite-idocrase-hornblende . The pipes
interfere with one another to sane extent causing wrinkling of the

otherwise relatively even layering. Pipes extend outward from

a s~ trically'layered veins, which have wrigglite texture and which

cut through the mane ri ..zed limestone . These-veins are not of quite

the saw composition as the pipes .. They consist. of fluorite, calcic

'` plagioclase (Ab1An2) with pyroxene, green mica, hornblende and

minor arsenopyrite, cassiterite and scheelite .

The geology of the Tin Creek area is shown on Fig .32 .

Limestone surrounding the granite boss has been mamorized and all
Y=

sk rn occurs either at : the granite contact, or nearby along
fractures. "' . r .

` Wrigglite textures in stochtivork veins : The best described example

of a stockvork deposit is'Zone 1, surrounding the Cassiterite Lode .

~' A diagrammatic representation of this stockwork is shown in Fig . 33.

The Cassiterite lode, which is 2 ;to 3 meters thick and extends for
about 3000 meters along strike, is a porphyry in which tin ore is

localized, especially in brecciated greisenized parts .

The veins making up the stock work vary in thickness, fran

microscopic size up to 30 a-n They vary in . mineralogy and contain .
fluorite, amphibole, plagioclase, zinrni-aldite, topaz, and tourmaline

as the main constitu nts . The most abundant types of veins in the

stock work are dark green delicately layered veins, referred to as
ta.ctite veins by Brown (1973),' and delicately layered white veins .

130th are similar texturally to vrigglites'and . have layers about 1 mnP

thick, but the mineralogy of each is different . The' tactite veins

{

i
.4

,a ;
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Consist o f green fluorite, magnetite, and pyroxc e . Minor cassiterite° `°. . . ` . '

z -° curs in the tactite vein; sane is an exsolved phase within

' n; netite• Locally pyrite and pyrrhotite "replace the magnetite

` tiinor even . . . . . . selectively replace one, or tyro bands within a

}' ti-banded vein" (Brown, 1973), T be white veins consist of white

fluorite and sericite. °`
u : .. - In the beryllium bearing stoeh~4nrhs (e . g . Caiv Greek, Zorie 2)

the veins are finely layered, consisting of in erfectly rhythmic

1 _ 2 am layers of fluorite, and fluorite intergrown with diaspore,

rd.ca, touni'aline and very fine grained chrysoberyl . (Sainsbury,

1969)
6 .2 .3 IRON P.90UN'rAIN, I 49 MEXIb) ). U .S .A .

Introduction
fi This occurrence 'of wrigglite was first described in detail

by Jabns in 1944 . He was part of a team from the US Geological

4 Survey examining' the possibility of the existence of beryllium
mineralization in the pyrometasomatic rocks which had been

previously known in the area . Jahns refers to the wrigglite as

"ribbon rock". -

Y A thick section of Carboniferous. limestone is intricately cut

by Kibcene plugs, sills and dykes of rhyolite and aplitic granite.

Contact metamorphism consists of n inn rization of -the limestone

` and ' formation of hornfels from the iibre argillaceous beds .

l.Setasana.tism has produced talc-silicate rocks and, tmo types . of

sk<arns . Me talc-silicates, quartz_pyroxene-clinozoisite-plagioclase

rocks, were formed from less pure calcareous rocks . The skarns are
a

wrigglites and massive-bedded rna.gnetite-andradite"rocks•
'Me n zetite-andradite skai-n contains hedenbergite and'

henatite in local abundance, and other minerals in minor amounts

including fluorite, sche-elite, powellite, willemite and iron and

ha=-,e metal sulphides . It occurs as replacements of marble in bodies

I' ing in size 'up to millions of tonnes . The bodies are generally

tabular conforming crudely to the bedding of the adjacent
R` sedimentary rock . They do not always occur adjacent to the igneous

intrusions .
"Ri.blion r(- •k '

7%Vo di r;ta.nctive types of wrigglites occur* a dark beiyl3J1 .an

E
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is Coloured variety with less magnetite .' i

~ r~ tYr has uav3' magnetite laminae 0 .2r ^r,Y~
~, . ' ~

11 iun rich
4- _uc=y r " }V " thinner intervening layer aggregates of

' ar t ?` .x1 locally quartz . . Irregular masses of adularia

lY layered Parts of the rock . The helvite '

to uyber Coloured crystals and crystalline

ling garnet . The rock occurs in areas of

pipelike masses, and thin tabular masses of
-4 CA~to several metres thick .

d lighter coloured variety has less n petite

'Me light coloured layers contain colourless

n biotite and-chlorite, and pale

, $tc~ pri mt is idocrase . There is also minor

to and danalite _ (both almost identical in
write) dio side clinozo~site, quartz,

t y ru~ ite. Cr stalline pods and druses with concentric

surrounding them are co mn ; they and the .' .rock"'kr'1 ti{4

*. .,riding layers consist chiefly of fluorite with ,minor

~. to t~r1 vite, quartz and feispar . The rock occurs as

:4 li1rrg t 4cu1sur bodies, trending parallel with the strike of the

I t has a tendency to occur between- massive

garnet- the nearest intrusive contact as shaven in Fig .

s s f'4 jam' ' contains many photographs of the "ribbon rocks" . "
• ti tx:ALtxAl1y, identical to the Mt . Garnet wrigglites .

icrcnce to this in English is Beus ( 1966) . It is r
iA English by Zaseda.telev (1973 ) : Zasedatele'v does'

~+" ' t=4 lrition of' the v i.gglites he describes, but, Bees g~
the work of Zasedatelev on beryliferous skarns in -

a d/ acriptions tally perfectly with Zasedatelev's
} r; ''= lr• All the follci i data is either from Beus or

(pct location within' the KaJakh Republic is not .

Z od of } ..fiddle and Upper Devonian

piclastic rocks, w inich have been n-etarsorphosed }
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zY folded and inti tided by alas)-cite granites . TheN,a steep granite '

f. ; fluorite as an accessory mineral, and, especially in areas aContains .
clos e to skarn mineralization, the marginal parts are greisenized .~~ .

~.mite is cut by veins of pegmatite, aplite, and quartz, which '
tie ^

:•
_ } b

in places contains wolframite . The sedimentary rocks are 7I'
dnantly sandy, sandy-clayey, and tuffaceous, now metamorphosed ;'

,t Y
N ions types of hornfels . Conglomerates and marble occur in

r
Ink ers andlenses

. A zone of metason-a.tized 'roars about 100 m thick and 5 - 6 km

y long extends parallel to the strike of the sedimentary rocks .

S;ai,-ns are arranged in conformable lens-shaped bodies, with sharp or
gradational contacts . Me most prevalent sham types are, in order

of abundance ; Y
1) Fluorite - garnet rocks containing idocrase . r
2) Micaceous - fluorite- magnetite rocks containing chrysobexyl f
3) Lticaceous-fluorite - magnetite, rocks containing felspar .
4) Garnet-fluorite - magnetite rocks containing idocrase

y Gradations between these types and varieties of these types are

'" cannon.

The fluorite-garnet skarn is usually someabat massive and

granular; in places it is layered . The garnet is chiefly
"- grossularite and less comnonly andradite . locally abundant are

heratite, idocrase, felspar (orthoclase, albite) and sulphides i
r. ,

(sphalerite, chalcopyrite,'galena; nolybdenite) .
,

tThe micaceous-fluorite-magnetite* skarns containing chrysoberyl
are fine grained rocks with thin layered structure . The width of

, ; the layers is most comronly about a few tenths of a millimetre. !
The' dark layers are composed of magnetite . and hematite and light

layers of fluorite, mica and chrysobeiyl : The chrysoberyl occurs
f• as very fine grained plates of the order of hundredths of a i
? Millimetre thick and 0 .05 to 0.1*nTh long . The Be content of the ~:

F
sham is from 0 .14 to 0 .25% . . Spherical and lens shaped geode-like

cavities generally up to a few centimetres across are common - ;f
~ . they contain mostly violet fluorite and a little mica., and in places

rt minerals foreign to the enclosing rock, such as scheelite,
cm-ssiterite, beryl, helvite, phenacite, epidote, and"sulphides . The

sTa layering in the skarn is conformable with the edges of the geodes :
"' The mi_caceous--fluorite-inn petite s}-gins, containing felspar

i° have a coarser and more distinct lamination . The mica. is a
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mnTUscovite and the fe] .spar mostly orthoclase ., With

content of Mica, felspar content decreases and topaz

The beryllium content is insignificant .

. r ne garnet-fluorite-magnetite rocks with idocrase are dark grey

Steely laminated . Me dark layers consist of magnetite and

ite and the light layers of idocrase . The idocrase occurs asn

a 11 i~~ at 'g. cola nns . Geodes 'similar to those above are carrion -

ire filled predominantly with garnet and fluorite. The
beiylliwn-bearing with a Be0 content reported to be up

~'. to % ? c,50 5V1 in Bees probably a typographical .error) •
The average chemical ccnhosition of the .wrigglites is shown in

'` amble 3, together with the composition of Mt . Garnet wrigglites for

FE Lrison.
" ? Zasedatelev's paper contains a photo of . the finely banded . . . .

~~ 5, which he lists as "collanolphic segregations" . They are
,; n. . . . . identical in texture to the Mt . Garnet wrigglites- the layering is

rhythmic but inl erfect and "unconformities" in the layering

lu-c conspicuous .

6 .2.5 SIBERIA, USSR .

Introduction
The presence of wrigglites in Siberia is first reported in

English in a paper by Getmanskaya (1972) .- 'Ibe exact location-is
not stated . It is described only as. "a Siberian polymetallic

. district, where the late fluorine mineralization is widespread' and
-` cc mon". Shcherba (1970)' shows a locality of beryllium bearing ., . .
x greisens in Siberia- this locality is possibly the one referred to .

by Getmanskaya . It is plotted on Fig . 28 .

The following descriptionsq of the geology and minerali at on
are necessarily vague because of the sketchy nature of Getmanskaya's
paper . .

The
ogy

area is made up of regionally(?) metamorphosed Lower I

Paleozoic sedimentary rocks and a sequence of Jurassic and Tertiary

' sedimentary rocks . Dolanite and dolccnitic limestones are common .

` 'three intrusive rrngrnatic can-pleaes of -Permian, Triassic and Jurassic

` -ges, occur . The carhlexes range from quartz diorites to

leucocratic granites : each ec nplex is mineralized, with a reported

incrc'-ise in intensity of mineralization with decreasing age, 'nee
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lli:um1sea is a beiy metall cnic province ..j ,
Greiseni ation is cla-tracteristic in each carplex . The greisens

:5 are apparently vein-like, and consist of quart-topaz-muscovite or,

F q L-r,uscovite, both with accessory beryl. v.

l ; At least one ore deposit, which is mined presumably for lead,,

berylliumn, occurs in the district .- it occurs at ar, and
-,considerable" distance from a granite, nu s if belonging to the

5•0ngest ccuplex, and lies in a- body of . Lower Paleozoic metamorphosed

r limstone, dolccnitic limestone and mica schistsh which have been-, .

-q intensely fractured and intruded by veins of leucocratic granites

' and a stock of quartz diorite . . PresaTubly a granite massif lies at

s shallow depth below the deposit . -The ore zone is a system of

rein/veinlets with an overall lens-like or pipe-•like outline, and

with a vertical span of 300 m. The cerrposition of the veins and

%vinlets is very variable but partly dependent on depth and the .

nature of enclosing rock . Fluorite is ubiquitous in the veins, and

other ininerals are chlorite, sericite, tourmaline, .albite, epidote,

sulphides (chiefly pyrite, axsenopyrite, sphalerite and galena) ;

and beryllium minerals . . Me nature of beryllium mineralization

depends on the host rock - it -is bertrandite, phenacite, beryl, . .

cuclase in granite or . in schist- host rock; phenacite and helvite in

basic aluminosilicate rocks like 'skarn and diorite ; and phenacite

and chrysoberyl in the dolomitic limestone and dolomite host rocks .

Apparently none of, the veins exhibit. wrigglite textures as at- Lost

:, River with the possible exception of some parts of the chlorite-
sericite-fluorite veins ahich are "festoon banded", and medium or

' coarse grained. Skaxn- occurs in the ore zone --- it is ccn7posed of

diopside-garnet or idocrase-garnet but is apparently massive and

not layered .
Wrigglites, however, occur in the exocontact zone of the ,

granites of the youngest canplex . They, occur amid bedded dolanitic
r_-

liuTIstanes, calcareous shales and micaceous'shales . They are J'

"fine grained with an odd kind of- thinly banded structure" and are
c ;x cd of fluorite-idocrase-p etite . Shall crystals of .

chrysoberyl and rarely helvite are present . The idocrase is

i beryllium bearing . No other details of the wrigglites are given .

6 .2 .6 SQUjjjn-C QIINA (P] LE'S IEpUII11C) .

.. bus (1 P.33), refers to a rare beryllium mineral,t . .
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,~.t ) described by Chinese . investigators from the
A1 ~' 4, cite ( 8 he's I pubic . The only relevantpeopw of the C11:

ssociation with chrysoberyl and spj»el in thin-""._ is in a
-f

)Cere C1 the cxo-contact zone of a mass ofta latic ks in
F 1n3cd M beryllium bearing granites in contact with'a limestone

s clearly scans to be a wr igglite locality, . butL ~~• s . _
to this deposit-could be found .

`/+Y other referencesD4fi ASIA '' USSR . '
2 .7
C

1966 , p . 52) lists an occurrence in "Central !Asia"usD
s

e
petite-fluorite skaarns with helvite, danalite, 'i.docrase,

but be does not describe the deposit in the text . It is
rn tee,

a v,'rigglite occurrence . No references in English :
ibl= y,

describing the deposit could be located, "

6,2,8 FAR EAST -(SIBERIA) USSR .

Introduction
' Sainsbury (1969) refers to a paper, written in Russian, by

Govorov (1958) (Specific features of mineralogy and genesis ofMJI.r ~ ..
tin_berylliun-fluorite deposits of ,the Far East . Akad . NTauk. SSSR

Z~ : Ser . Geol . no . 1 :62-73), Shcherba (197Q, ~, 243, 244)

Mentions the same deposits. The mineralized' area is possibly
. .

adjacent to Alaska, over the Bering Sea., where the geology is

r ' similar to the Lost River area . ,

Geology
The only details which Shcherba gives about the geology and

mineralization are contained in a table, reproduced here as Table-5 .

Thinly layered ; textures in veins and skarns are mentioned, and so it

is clear that wrigglites occur in the'area .

6 .2 .9 1.IOINA, TAS' IANIA a

Introduction
\'iTigglite was first recognized in this area following a

personal discussion with J . Paul McKibben . He recognized that

rocks with similar texture b the Mt . Garnet wrigglites occur1ed in

drill cores at Moina, Northern Ta.9nani4 . .-His company, . Consolidated

' Goldfields of Australia, had been searching in,that area for tin

ores several years ago . The presence of wrigglite ww-as subsequently

conf ijm' ed in surf ace outcrops and in the cores 'by staff of the

Conmonwoalth Aluminium Corporation Ltd . The area is now being

investigated for-its potential for fluorite ores . Details of the
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' ' a,tent and nature of the wrigglites aree not yet known . The regional
lay leas however been, described by Jennings, (1-005) • : .

A sequence of Ordovician rocks'- conglci,nerate, ' sandstone and

limestone - folded into E-W trending folds, lies over a Precambrian ' ;
_ 1n tas altaiy basarnnt . 'No petrolo;ically distinct granite "'

3ies, .the Dove and Dalcoath Granites, of Devonian .age, intrude
these rocks . The Dalcoath Granite is "tin bearing", and apparently

most mineralization in the district is associated with it .
The nnst cannon mineral deposits contain tin -tungsten-bisnuth r

• and there are lesser gold, silver,, lead and zinc de-posits . Mines
in the area were small . The largest was the Shepherd and Murphy
1Une which in .the late 1800's produced about 550 tonnes of Sri 240
tames of {1'0 and 70 tonnes of Bi • If all mineralization in the {

; ;

3

&rCa is associated with the Dalcoath granite a distinct zoning ... '
occurs with gold, silver and base metals mare distant from the `
granite, as illustrated :hi Fig. 35

Near the Dalcoath granite, the limestone has been contact ::'
rtan rphosed and metascxnatised to garnet-pyroxene skarn and _ '
~rlgglite .

Wrigglate occurs at the Shepherd and Murphy M ne . Here the
orebodies are six roughly parallel quartz veins up to 50 cm in
dddtb, 400 m long and about . 100 in deep . They are steeply. dipping,
cutting sandstone and limestone. The veins carry 'olframite;
cnssiterite and bis uthinite, in a gangue of quartz with minor
fluorite, topaz and beryl . Where the veins cut` limestone, massive

¢
t3' and %Irigglite occur,

- Much of the wrigglite is very fine grained and almost black .
It re., ±les basalt at, first glance, and has possibly previously

`
,

ewfu-sed with Tertiary basalt which covers much of the area .
€; 1110 fine layered texture shows . best on weathered surfaces .
' ttc at1on of the mineralogy of the arigglite is,difficult 1

tit:e of its fine grain-size . ' The main. -constituents are irognetite,
LL i ,1 tr r-1 to, and idocraSe(?) (bi_ax :.i.a1, low birefringence, colourless-

P""!1-ties agree with idocrase, but it could also be epidote, or
~~riggli.te f1c,n this area assays fran 5 to 10 ;o F .
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'Q IAP'f1B 7

_ s. - c 1Yim SIMILAR MX[IJFIIS TO CMIGQLI'I S

tg - . j ely layered textures .Are cu mon in 'rocks . Apart from those
`' U flow banding or sedimentary layering . or undisputed c .

ax textures include :' tification, the rock types with simil

jasperoids. b) parts of so -called •epithennal gold-silver .

its c) an occurrence of magnetite at Vancouver Island .d) .a

al nple of layered skarn at Calcifer,,North Queensland . Score
p~ :c~ can each of these are

~~ A~1te . Jasperoids These rock types are the most obviously

y '. Solar in appearance to,the hand-specimen appearance of • .

: .. •trjgglites. Li-ndgren- and Loughlin (1919) describe such rocks
ix-am the Tintic riming district U : S . A . , and were anDngst the

4 first to postulate that . the origin of the layers was due to
JAescgang type diffusion .

w b) ' npithermal gold-silver deposits These small conplex vein-like
orebodies are rend ed for their rich gold and silver content

-rind are thought to form close to the surface where . rising
hydrothexmal solutions are rapidly chilled by circulating
meteoric waters . 'Colloform' textures are camionly reported .
Kieft and Oen (1973) report that in telluride-bearing gold- .
silver ores of Sali,da, Indonesia "not all banding is due . to
encrustation. The sulfide-rich bands often show 'a microscopic
internal banding due to variation in grain size and the
concentration of sulfides and carbonates in thin, often
rhythmically spaced diffusion zones" . The author has seen what

r

can only be diffusion layers in epitherrnal gold ore specimens
Iran Placer, Mindanao, ' Philippines :, concentric layers rich in
Pyrite occur inwards- from fractures within severely argillized .
ancdesite, as this sketch,Fig . 36, illustrates

pyritic

layers b' , t
~~ joints

(natural size)

:.; Fig.36
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c) Mipetite , Vancouver Island Stevenson and Jeffery (1964)
describe 'collofoim' magnetite'in a contact metasomatic iron
deposit fran this locality. It .takes radiating botryoi.dal
fornis, nodular masses, Within- pipelike orebodies in limestoneti

close to a dioritic stock . It may be simi lar in both appearance
$` and genesis to wriggglites .

d) Skaz-rl at Ca.lcif er North Queensland (about 40 km south 'of
Townsville) 'I11e author noticed a specimen of layered skarn,

•. ;
.

collected by a student, in a laboratory at .J .C .U.N .Q's Geology
'r Department, and subsequently visited the collection site The.

rock consists of contorted dark layers of disseminated very
' . fine grained chalcopyrite ; ? bornite and ? chalcocite in matrix '

of fine grained i%hite calc-silicate mineral (possibly pyroxene) .
It occurs only . very locally within a vein like zone of skarn
about 4 m across in a limestone quarry . Granodiorite outcrops
nearby . Skaa-n types with textures' like this seem to be rare
throughout the itorld .

In all the cases quoted here the layering-is relatively sinTle,
' mineralogcalli Y ccnp»'ed• to cvrigglite, but in each case the layering

can be explained' by diffusion processes .

r

7
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~~Ot111AB STIES -OF, nM' 'OCCURRFN( 'Oh 11 IGGLITE IN TIC VD IUD
FA

SainsburY (1964) considered that several geological association's

wei e f avo able for the occurrence . of beryllium deposits of the

River Type • These associations are :
Lost
„~. , deposits with biotite granite

2 . I,umstone near granite
3 . Abundant fluorite'in or near the tin deposits

cassiterite . . . etc .
4 . ToPa, greiseiis containing

Beryllium
in o'r's around the granites, or of beryllium minerals

5. . Bezy .
in the granites or associated tin deposits ."

•ale 6 lists all the samilarities .of wrigglites . From this

table it is apparent that Sainsbury's association are also favourable

for the occurrence of NNTigglite
. The only modification which sears

's list is the emphasis on tin deposits .
to be necessary to Sainsbury
The Iron Mountain area is not noted for its tin occurrences, yet

%rigglite occurs there . That the area is
.a metallogenetic province

of fluorite plus tin and/or tungsten and/or beryllium, is the best

criterion .
Sainsbury also lists specific localities in the world which he

believed to be favourable for such deposits
. Possibly the most

likely place to find wrigglite ris
. Tailand (not listed by ' Sainsbury)

and Malaya, where fluorite and, tin deposits in limestones are .

abundant .
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93305 10 <10 180 <1 950 <0.05 301 4 .8X

93306 30 <10 180 <1 500 <0 .05 193 4 .4% /~

' ALL RESULTS PPM EXCEPT WHERE NOTED • .




