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Abstract 
The Western A Lode (WAL), an extension of the zinc - rich A lode at Broken 

Hill, NSW, shows a gradation between mnganese silicate - rich sulphide ores and 
the pelitic inetasedinients of the wallrocks. This sequence can be subdivided 
petrographically into four broad zones, approximately syinrrBtric about the centre 
of the lode. Passing from the pelitic wallrocks these zones are: a sillimanite 
gneiss, a gahnite - rich zone, a garnet quartzite and an amphibole - pyroxenoid 
zone. This latter zone may be further subdivided into amphibole and pyroxenoid 
subzones. 

Sulphides occur throughout the WAL sequence, and commonly are concentrated 
in the gahnite - rich zone and in the lower garnet quartzite, stratigraphically 
immediately below the lower amphibole subzone, but the principal concentration is 
in the pyroxenoid subzone. Distinct geochemical trends parallel the mineralogical 
variations: approaching the centre of the WAL from the wallrocks there is a distinct 
increase in Ca, Mn, P, S and base metals, and a corresponding decrease in Al, Ti, 
K and Mg/^^ + Fe. Scjne minerals reflect these trends in their composition: 
biotite shows a decrease in Al, and garnet a decrease in Mg and an increase in 
Ca and Mn towards the lode centre. 

The sillimanite gneiss is considered to have been deposited as an 
argillaceous sediment in an anoxic basin. The other WAL rocktypes are 
consistent with having originally contained accessory to dominant Mn/Fe/Ca 
carbonate, silica and sulphides, chemically precipitated from exhaled 
hydrothermal solutions. These chemical sediments gradually overwhelmed the 
detrital input, but became overwhelmed again by detrital sediments as 
the exhalation waned. 

]ytetamorphism of the lode to lower granulite facies resulted in almost 
complete decarbonation and dehydration, and partial de sulphur i sat ion, and was 
followed by extensive but variable retrogression. The prograde and retrograde 
metamorphic events have both contributed to a complex range of mineral 
assemblages, compositions and textures with minor sulphide remobilization. 
They have also instigated sulphide - silicate reactions, especially 
between gahnite, sphalerite, staurolite and phyllosilicates. 



C h a p t e r 1 . I n t r o d u c t i o n and Prev ious Work. 

1.1 The Nature of this Investigation. 

The Broken Hill silver-lead-zinc deposit occurs in high grade 

metamorphic rocks of the Lower Proterozoic Willyama Complex, in the 

Barrier Ranges of far western New South Wales (Fig's 1.1, 1.2, anrl 

1.3). The deposit comprises a number of distinct ore-bearing lenses, 

of which the A-lode is economically one of the most important (Fig. 

1.4). The western A-lode (WAU (Figs. 1.4 and 1.5), has, so far, been 

left largely untouched in mining operations. It occurs mainly in the 

New Broken Hill Consolidated (NBHC) and Zinc Corporation (ZC) mines. 

The main components of the lode are quartz, garnet, sphalerite and 

pyrrhotite, with galena, pyroxmangite, biotite, feldspar, gahnite and 

amphiboles locally abundant, but generally the distribution of 

minerals in the lode is extremely heterogenous particularly for the 

sulphides. The structure is very complex and highly deformed, but 

mesoscopic layering is sometimes present. 

The origin of the Broken HilL ore deposit has been the sublet of 

controversy for some time but it is now generally agreed to have been 

deposited as a chemical sediment and subsequently isochemically 

metamorphosed (Johnson & KUnger, 1975; Stanton, 1976a, b, c, d; 

Pl imer , 1 9 7 9 ) The original nature of some rock-types, e .g. 

quartz-gahnite rocks, pegmatoids, and garnet-rich rocks, is still 

poorly understood, despite intensive study by many workers (e.g. 

Stanton, 1976a, b, c, d; Spry, 1978; Billington, 1979; and Plimer, 

1979). A number of peculiarities about the ore bodies have not been 

satisfactorily explained, such as the complete lack of pyrite, the 
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Drill Sections 

A LODE Fig. 1.5 Longitudinal Projection of A lode and Western A lode onto a plane 100 ia 
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rx,ure 1.6: Z.C. and N.B.H.,. nl-.o.ing drill sections used. 



TABLE 1,1 A comparison of mineral assemblages used to define 
metamorphic zones in the Broken Hill Block (from Elliott, 1979). 

Binns (1964) Phillips et al. (1976) 

ZaSTE MAFIC 
BOCKS 

PELITIC 
RXKS 

zom MAFIC PELITIC 
POCKS PDCKS 

A Amphibolite 
with green 
or blue-green 
hornblende 

Sillimanite-
muscovite 

1 Hornblende- Andalusite-
Plagioclase inuscovite 

B Amphibolite 
with brown 
or brown-green 
hornblende 

Sillimanite-
orthoclase 

As above Sillimanite-
muscovite + 
garnet 

Hornblende-
or thopyroxene-
clinopyroxene 
granulite 

As above Hornblende-
Plagioclase 

Sillimanite-
rauscovite 

+orthopyroxene (+ garnet, 
cordierite) 

Orthopyroxene-
clinopyroxene-
(+ hornblene, 
garnet) 



high zinc content of many non-sulphide phases (gahnite, staurolite, 

ilmenite, biotite, etc.), and the unusual compositions of some 

rock-types. 

This study endeavours principally to elucidate the mineralogical 

variation in tlie Western A-lode. 

An attempt is made to determine from the lode's mineralogy: 

i) w h e t h e r the variability is principally sedimentological or 

deform a tional in character; 

i i ) t h e e f f e c t o f r e t r o g r e s s i o n on t h e l o d e ; 

iii) constraints on the genesis of the ores and wallrocks. 

This investigation will assist the mining companies by: 

i) defining mineralogical criteria which may be useful in helping 

outline the WAL. 

ii) provide information regarding the distribution of various 

sulphides within the WAL. 

1.2 General Geology 

The metamorphosed stratabound Broken Hill ore deposit occurs in the 

Broken Hill Group of the Lower Proterozoic Willyama Sup-^rgroup 

(formerly Willyama Complex; Willis et al. 1983). Ihe suites defined in 

the Willyama Supergroup by WHlis, 1983, from earliest to latest, are: 

i) Clevedalfi Migmatites. 

il) Thorndale Composite Gneiss, 

iii) Thackaringa Group: quartz of eldspathic gneisses and quartz-albite 

rocks. 

iv) Broken Hill Group: pelitic metasedira ents, basic gneisses, 

garnetiferous quartzofeldspathic rocks and lode rocks , 

v) S u n d o w n Group : pelitic to psammitic metasediments . 



vi) Paragon Group: graphitic metasediments and quartzites . 

Stevens et aL (1980) suggested that this stratigraphic sequence, 

lacking obvious unconformities, represents a variation from immature 

sandy sediments (suites 1-3) to more shaley sediments (suite 4), 

shaley and mature sandy sediments (suite 5), and shallow water siLty 

to clayey sediments (suites 6 - 7 ) . Volcanism reached a maximum 

intensity in suites 3-4 and then virtually ceased with deposition of 

the principal stratiform ore-bearing rocks. Stevens e t al. (1980) 

postulated that the sequence represents deposition with decreasing 

d e p t h and i n c r e a s i n g m a t u r i t y in a s h e l f e n v i r o n m e n t . 

This complex of highly deformed metasediments and metavolcanics has 

been subjected to varying grades of metamorphism ,the peak of which 

has been dated at about 1700 Ma (Pigeon, 1967; Shaw, 1968; Reynolds, 

1971) with deposition of the original rocks postulated at 1800 Ma ago 

(Shaw, 196 8). A more recent com pari tive study of various isotopic 

dating methods by Gulson (1983) dated the two metamorphic peaks at 

1580 and 1660 Ma. 

The metamorphic history is complex and Binns (1962, 1964) defined 

four major deformations. The structural analysis of Laing et al. 

(197 8), however, seems more generally accepted at present, and they 

recognised Ml and M2 as two prograde deformations of similar grade, 

and M3 as a retrograde deformation. They suggested that these may be 

all part of the one orogeny, the "Olarian Orogeny", witli M3 probably 

commencing soon after M2, and continuing until about the emplacement 

of the Mundi Mundi granite at about 1500 Ma (Pigeon, 1967). The range 

in metamorphic conditions, according to phiuips (1980) is from 500'' , 

3kbar, %20 = 1, to 800^ , 6kbar and ^H20 = 0.5 +_0.2. (Table 1.2). 

Partial melting is often well developed, with migmatites being 



Table 1.2 Siunraary of esfimated metamorphic conditions at Broken Hill (adapted from 
Elliott, 1979) 

HIGH GRADE METAMORPHISM 

Re fe rence Me tamorphism 
event after 
Laing 1977 

T°C 

Binns, 1964 

Chenhall, 19 7 3 

Hewins, 1975 

S. Lee 
(pers. comm., 
1976) 

Scott ^t £l. 
19 7 7 

Laing, 1977 

Laing, 1977 

Phillips, 
1978, 1980 

Elliott, 1979 

1 - 2 

1-2 

1 - 2 

' 1 - 2 

1 - 2 

1-2 

5-10 

3-5 

7.8 a\ 
max. 

750-800 

680-800 

780-843 

700-800 

650-800 

5.2 - 6.9 650-750 

5.5 - 7.0 600-750 

A.9 - 5.5 710-770 

5.5 - 7.0 650-800 

»2° 
Method of Calculation 

' H,9 

iloO 

HoO 

HnO 

HnO 

HoO= 

Reaction curves 

Reaction curves 

Mg-Fe partitioning between 
orthopyroxene and 
clinopyroxene 

Mg-Fe partitioning between 
cordierite and garnet. 
Partitioning of FeS, 
between sphalerite and 
hexagonal pyrrhotite 
Reaction curves 

Reaction curves 

Reaction curves, Opx-
garnet, & cordierite-
g a m e t partitioning, 
melting & dehydration 
reactions. 
Reaction curves, geobaro-
metry & geothermometry 
studies listed above. 

0.25 + 0.1 

H-,0 

REGIONAL RETROGRADE METAMORPHISM 

Chenhall, 19 7 3 
Laing, 1977 
Elliott. 19 79 

6.0 - 4.5 600-480 
6.0 - 3.0 750-450 
5.5 - 3.0 650-450 

1' = P H^O T 
variable 
but hi^h 

Reaction curves 
Reaction curves 

Reaction curves. 



common in the higher-grade metamorphic facies (Corbett and PhiUips 

(1981)). Phillips and Wall (1981) found evidence that C02-induced 

crustal dehydration preceded the formation of the granuUte facies 

terrain, and like Stevens et al. (1980) thought the high thermal 

gradient to result from upweULng of basic magma or mantle material. 

There is a general trend of increasing metamorphic grade from 

northwest to southeast, first described by Binns (1962, 1964), and 

more accurately defined by Phillips (1978 & 1980) (Fig. 1.1 and Table 

1.1). The latter author mapped four metamorphic zones, showing that 

the isograds were both folded and faulted by later retrograde 

deformational events, and considered that the Broken Hill ore bodies 

had been subjected to metamorphism of the two - pyroxene zone of the 

granuHte facies. 

The Complex is transected by numerous M3 retrograde shear zones 

(RSZ) as described by Vernon and Ransom (1971), Corbett and Phillips 

(1981) and Etheridge and Cooper (1981). These also increase in 

metamorphic grade to the southeast and, as noted by Chenhall (1^73), 

and Corbett and Phillips (1981), the presence of kyanite and 

stauroHte in some RSZ is indicative of comparatively high pressure. 

Kyanite is unknown in the WiUyama Complex outside of the two-pyroxene 

zone (Corbett and Phillips, 1981). Fine-grained muscovite, b i o t i t e , 

garnet and sillimanite are typical minerals of the RSZ. Widespread 

incipient migmatization was t±iought by Corbett and Phillips to be 

accompanied by incipient retrogression in surrounding rocks, but the 

RSZ seem unrelated to migmatites (Etheridge and Cooper, 1981). The 

la t ter workers explain the retrogression in RSZ as being due to 

meteoric fluids penetrating down to about 10 km !, and exceptionally 

large amounts of fluid (1,000-10,000 x rock volume) were postulated to 



account for the large amount of muscovite/sericite, and loss of 

silica. Isotopic evidence shows that the RSZ probably represent a long 

series of deformational events during and following M3, from about 

1490 to about 4 60 Ma (Etheridge and C o o p e r , 1 9 8 1 ) . 

Stevens et al. (1980) postulated a rift-environment origin for the 

ore deposit, associated with hotspots and, although neither modern 

continental or island arc settings are strictly compatible, favoured a 

frontal - arc basin setting similar to the Green Tuff region of Japan. 

Willis et al. (1983) similarly inferred a setting within an active 

rift zone in a subsiding extensional shelf-like environment, but noted 

the lack of evidence for pre-existing continental crust to the east, 

and the absence of coarse pyroclastics and conglomerates in the 

sequence. They suggest that the Broken HiU Block lay towards the 

continental margin, and postulate a broad, marine, ensialic back-arc 

basin behind a continental margin as a possible setting. 

1.3 Geology of the Mines Area 

1.3.1 Litholpgy 

Carruthers and Pratten (1961), recognized a sequence of rocks in 

these Broken Hill Mines area which they termed the "Mine Sequence" 

(Fig. 1.3). This has been discussed in detail by Johnson and KUngner, 

(1975), Laing et al. (1978) and Laing, (1980). In their recent 

subdivision of the Willy am a Supergroup, Willis et al. (1983) placed 

most of the Mine Sequence within the Broken Hill Group, and the major 

mineralisation within the Hores Gneiss, Pumamoota Sub-group. Johnson 

and Gow (1975) have shown that most other major Broken Hill-type 

mineralization in the Willyama Complex is associated with this 



sequence. It should be noted however, that the Pinnacles Mine (the 

second largest deposit within the Willyama Complex c.f. Turner, 1927) 

and numerous small stratiform deposits, occur within the Thackaringa 

Group, slightly older than the Broken Hill Group, and are of Broken 

H i l l - t y p e ( B a r n e s , 1 9 8 0 ; L e y h & L a r s e n , 1 9 8 3 ) . 

The Mine Sequence consists principally of a range of pelitic to 

psammitic and feldspathic gneisses, commonly migmatized. Concordant 

iron-rich amphibolite horizons are common, but minor, units. An 

essentially massive, coarse-grained, leucocratic, quartz o-feldspathic 

gneiss has been termed the "Granite Gneiss" (Carruthers and Pratten, 

1961), "Felsic Gneiss" (PUmer, 1979) and Rasp Ridge Gneiss (Willis et 

al. 1983) . Several units of a distinctive garnet-plagioclase-

orthoclase-biotite gneiss, within the Hores Gneiss (Willis et al. 

1983) are termed the "Potosi Gneiss" (Carruthers & Pratten, 1961) and 

h a v e a c l o s e r e l a t i o n s h i p t o t h e o r e b o d i e s . 

The M i n e S e q u e n c e p r o b a b l y o r i g i n a t e d as a m i x e d 

volcano-sedimentary succession (Johnson and Klingner, 1975). Plimer 

(1979), using field relationships, relict textures and structures, and 

geochemical data, showed that the felsic gneiss, Potosi Gneiss and 

amphibolites are probably of igneous origin. The progenitors were 

suggested to be an altered acid pyroclastics, a rhyodacitic tuff, and 

a basaltic tuff, respectively. Willis et al. (1983), suggested that 

the associated metasediments were derived by subaerial weathering, 

e r o s i o n and r e d e p o s i t i o n of t h i s v o l c a n i c m a t e r i a l . 

The orebodies consist of a series of lenses, conformable with the 

general stratigraphy, known as the "lode horizon" (Carruthers and 

Pratten, 1961) ( Figures 1.3 and 1.4). These lodes have a complex and 

variable composition (Tables 1.3 and 1.4), and are separated by a 



TABLE 1.3 PRINCIPAL ORE LENSES AT ZC/NBHC MINES 

Lead 

Lcxies 

3 lens 

2 lens 

(stratigraphic top/structural base) 

1 lens upper 

Zinc 1 lens lower 

Lcx3es A lode 

B lode (stratigraphic base/structural top) 



TABLE 1.4 PRINCIPAL GANGUE MIMERALOGY AND TYPICAL MINING GRADES OF 

THE BROKEN HILL OREBODIES (adapted from Johnson and 

Klingner, 1976; PlLmer, 1979). 

Orebody Gangue Typical mining grade 

Pb g/t Ag %Zn 

3 lens rhodonite, fluorite, quartz, 

(NE end) garnet, gahnite, apatite 

pyroxmangite, amphiboles. 

15 300 13 

3 lens quartz, fluorite, rhodonite, 

(SW end) garnet. 

11 200 15 

2 lens calcite, rhodonite, bustamite, 

manganoan hedenbergite, tephroite, 

quartz, garnet, orthoclase, micas. 

14 100 11 

1 lens quartz, calcite, bustamite. 

orthoclase, apatite, gahnite. 

50 20 

A lode rhodonite, pyroxmangite, quartz, 

manganoan hedenbergite, garnet, 

gahnite, calcite, apatite, 

orthoclase. 

40 10 

B lode quartz, orthoclase, garnet, apatite. 5 40 17 



siiiceous sillimanite gneiss which commonly shows some interlayering 

and gradation with lode rocks, and may contain layers rich in quartz, 

garnet, sulphides and/or other lode-indicative minerals. Feldspathic 

and/or migmatitic layers are common. 

Quartz, sulphides, garnet, gahnite, calcite, fluorite, pyroxenoids, 

pyroxenes, orthoclase, plagioclase, fluorapatite, amphiboles and micas 

are all locally abundant, and most are widely distributed throughout 

the lodes. Most of these can be major phases, sometimes loca l ly 

forming almost monominerallic rocks. Many different loc^e rock types 

were described and classified by Spry (1973) and Billington (1979), 

the most persistent being "quartz-gahnite", which occurs along about 

300 km strike-length (Plimer (1979) and Fig 1.2), but "garnet 

quartzite" is also common. These rocktypes were thought by Spry (1978) 

to have formed from zinc and manganese oxide rich sediments 

respectively. The lode horizon has great lateral continuity despite 

the discontinuous nature of component rock bodies, and occurs in 

n e a r l y al l par t s o f the Willyama Complex (Stevens, 1980). 

"Banded Iron Formation" (BIF) is a term given by Carruthers and 

Pratten (1961) to wel l - layered horizons consisting principally of 

garnet, quartz, magnetite and apatite with sulphides and gahnite as 

common accessor i es . Eight such horizons have been recognized. 

1.3.2 Stratigraphy and Environment of Deposition of the Orebodies 

There are six principal lodes at Broken HiU (Tables 1.3 and 1.4) 

and also some weak stringer mineralization stratigraphically below the 

B lode at ZC, which has been referred to as "C lode" (Spry, 1978). 

Typical cross-sections of the lodes in the ZC-NBHC area are shown in 

Figures 1.3 and 1.4. 



The reference lines and coordinates used in these sections are an 

arbitary but well established system unique to Broken Hill and 

developed by the Broken Hill mining companies. The base line is 

defined as 0 = 10,000 metres below sea level, and ground level at 

Broken HiU is thus at about 10,280 metres on these coordinates. The 

mine levels are about 50 metres apart. 

The felsic gneiss lies stratigraphicalLy above the orebodies, while 

units of Potosi Gneiss may lie above, below and stratigraphically 

equivalent to the ore lenses in the east (Hawkins, 1968a; Plimer, 

1979). The Birs lie above or in stratigraphically equivalent horizons 

on opposite sides of Potosi Gneiss bodies to the sulphides lenses 

(Plimer, 1979). In general, thinning of Potosi Gneiss bodies is 

related to the deposition of the major sulphide bodies (MacKenzie and 

Gow, 1970). The latter authors suggested that ridges of Potosi Gneiss 

separated the reducing environment of sulphide deposition from the 

oxidizing environment of BIF deposition. Eight principal BIF's (1-3 

metres thick) are present in the mine area, but only four show 

significant continuity, with the principal horizon extending for 15 

km. 

Facies variations in the Willyama Complex are very common (Thomas, 

1960), and especially so within the mines sequence (Hawkins, 1968; 

Plimer, 197 9). The ore lenses occur within relatively homogenous 

sillimanite gneiss, but influxes of chemical sediments (now largely 

represented by quartz, garnet and sulphide-rich rocks) produced 

extremely rapid facies variations. Billington (1979) suggested that 

changes from oxide to silicate to sulphide facies occurred during 

deposition. 

Penecontemporaneous faulting probably occurred during deposition of 



the Broken Hill Group sediments and Leyh (1982) indicated that 

retrograde shear zones may have been active during sedimentation in an 

area 18 km NE of Broken HilL Evidence of the latter also exists near 

the main NBHC shaft and in the southern extensions of the orebody 

(Johnson and Klingner, 1975), and may result in a dramatic cut-off in 

sulphide thickness (T. Jackson, pers. comm.). The orebody lies near 

the intersection of two major Hneaments, and lies parallel to the 

Darling Lineament (O'DriscoU, 1968, 1983). 

Despite some structural attenuation, the orebodies have a 

length/breadth ratio of about 8:1. MacKenzie (1968) and Johnson and 

Klingner (1975) postulated a long, narrow, fault-bounded sea-floor 

depression and Plimer (1979) additionally envisaged distal volcanic 

centres. 

Stevens et al. (1980) thought the mine sequence to have been 

deposited following a period of rifting-induced volcanism in a deep, 

b u t s h a l l o w i n g , b a s i n w i t h l o w d e t r i t a l i n f l u x . 

1 . 3 . 3 S t r u c t u r e in t h e r e g i o n o f t h e O r e b o d i e s 

The structure of the mines area is very complex and is stilL in 

some dispute witti different structural models having been proposed by 

Hobbs (1966), Johnson and Klingner (1975), Hodgson (1975a) and Laing 

et aL (1978). The model of Laing et al. is perhaps the one most 

generally favoured, and these workers were the fiist to prove that the 

orebodies have been overturned and recognized an earlier deformation 

event to that which produced the prominent structures of the Broken 

Hill area. Aspects of this model are s h o w n in Figure 1 . 7 . 

The first generation of folding is represented by very large scale, 

commonly recumbent, folds throughout the area, and the orebodies occur 
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on the overturned limb of one of these. This folding (Fl) was 

synchronous with the first high-grade metamorphism (Ml); the second 

high grade metamorphism (M2) was associated with large scale tight F2 

folding. The third major deformation (F3), responsible for small scale 

folds and crenulations in the orebody, was synchronous with retrograde 

metamorphism {M3). F2 and F3 folds are frequently coaxial (Johnson and 

KHngner, 1975). 

Shearing is common in the area, and the principal retrograde shear 

zones are shown in Figures 1.3 and 1.7. These commonly are oriented 

NNE, o f t en parallel to S3. Incipient retrogression outside these 

zones is very common, and frequently seems related spatially, and 

perhaps also genet i ca l ly , to migmatization (Corbett and Phillips, 

1981). 

The orebodies are apparently thickened in F3 fo]d hinges in the 

NBHC and ZC mines, and Laing et al. (1978) suggested that some 

movement of sulphides into F2 and F3 fold hinges may have occurred. 

Hopwood (1978) showed tliat intrafolial folds were common in orebodies, 

and are perhaps due to syntectonic hydrotiiermal activity, related to 

metamorphism or mineralization. Vokes (1968, 1971) described how 

sulphides can be mobilized to a few metres under high grade regional 

metamorphism, and such mobilization at Broken Hill was described by 

Maiden (1975). The consistency of stratigraphic relations was used by 

Matthias (1973), Stanton (1976) and pUmer (1979) as evidence for the 

overall insignificance of such movement or transposition. The orebody 

t h e r e f o r e s e e m s to have had an o r i g i n a l l i n e a r s h a p e . 

1.3.4 Wallrock Alteration 

Wallrock alteration at Broken Hill is generally assumed to be minor 



and insignificant (Johnson and Klingner, 1975) and PHmer (1975 and 

1979), Stanton (1976d) and Elliott (1979) describe geochemical 

variations that indicate that premetamorphic hydrothermal alteration 

probably did occur on a small scale, PlLmer (1979) suggested that the 

g e o c h e m i c a l variations principally represent premetamorphic 

sericitization shown mainly by areas of high K, Si and Rb. 

Sericite-schist zones bordering sulphides were suspected of being an 

alteration feature, but probably just indicate differential movement 

of sulphide ore with respect to the surrounding rocks (PlLmer, 1979). 

1.3.5 Metamorphism and synmetamorphic metasomatism in the lodes 

The orebodies have been metamorphosed to the 2-pyroxene zone of 

lower granuUte facies (Phillips, 1980) during Ml and M2, along with 

the enclosing rocks (Maiden, 1975). Partial melting of silicates and 

sulphides was probably contemporaneous (Plimer, 1976a and Lawrence, 

1967). 

Most geologists have assumed that essentially isochemical 

metamorphism occurred in these rocks, as sedimentary structures and 

chemical stratigraphy have been preserved - locally at least 

(Matthias, 1974, Glen and Laing, 1975, Stanton and Williams, 1978 and 

Plimer, 1977 and 1979). There is, however, considerable evidence for 

aUochemical reactions in many rocktypes. Garnet and/or biotite-rich 

rims on amphibolite dykes (Stillwell and Edwards, 1956; Segnit, 1961; 

Plimer, 1979), and garnet-rich alteration rims to orebodies (Jones, 

1968 ; Maiden, 1972 ; Spry, 1978 ; Billington, 1979) are common, 

indicating significant element mobility. The abundance of anhydrous 

silicates, including garnets, pyroxenes, pyroxenoids and siHLmanite, 

indicate the loss of volatiles, principally H2 0 and C02 (Plimer, 



1979). Ahmad and Wilson (1982) proposed hydrogen metasomatism to 

explain fibroHte formation and movement of U and B in sillimanite 

gneisses at Broken Hill. Quartz-rich veins have also been interpreted 

to be indicative of metasomatism (Dewar, 1968; Phillips, 1980). 

Desulphurization has been proposed by Wall et aL (1976) and PUmer 

(1977a) to account for the lack of pyrite and abundance of gahnite in 

these lodes, but Spry (1978) and Plimer (1977b) found no evidence for 

sulphur loss, and suggested that the lodes were originally 

sulphur-poor. Wall and England (1979) showed that sphalerite should 

re-equilibrate at high temperature and pressure with Fe-Mg-Al 

silicates, producing gahnite in equilibrium with H2S-rich fluid. 

Saxby (1981) thought that the rarity of graphite at Broken Hill 

(Ramdohr, 1950) resulted from synmetamorphic oxidation by H20 or 

Fe203. Synmetamorphic oxidation and reduction seems, however, poorly 

understood at present (Mueller, 1967, Klein, 1973, Speer, 1981 and 

Haase, 1982). Methane leaks out of the Broken Hill ore ( I. Plimer, 

pers. comm.) and thus may be an important component of intergranular 

fluids and may have been derived from original graphite (Saxby, 1981). 

The low permeability of various rocktypes may preclude metamorphic 

equilibration (Rumble et al. 1982), and may explain the lack of 

e l e m e n t mobility in BIF's (Stanton and Williams, 1978 ) . 

1.3.6 Retrogression of the Orebodies 

Despite the early recognition of the presence and significance of 

the RSZ (The Geological Suboommitee of the late Scientific Society of 

Broken Hill, 1910; Andrews, 1922) little detailed study of the effects 

of retrogression on the lodes has been undertaken. Scott et al. (1977) 

suggested that the sulphides had undergone post-metamorphic or 



retrograde re-equilibration. This is most important for pyrrhotite, 

which exhibits several breakdown reactions from the original hexagonal 

pyrrhotite, including exsolution of troilite, and formation of 

monoclinic pyrrhotite, pyrite and marcasite. Spry (1978) noted some 

retrograde zoning in garnet, gahnite and loellLngite, and breakdown of 

loeUingite to arsenopyrite. 

The retrogression appears to have significantly mobilized a number 

of elements, some on quite a large scale. Silver, lead, copper, iron, 

manganese, mercury, arsenic and antimony are among the most important 

of these and their mobilization into RSZ apparently resulted from an 

influx of aqueous fluid (Ryall, 1979a; Plimer, 1980c). Jones (1968), 

thought that tiie garnet sandstones resulted from large scale manganese 

metasomatism related to the RSZ. 

1 . 3 . 7 Z o n i n g a n d V a r i a b i l i t y in t h e O r e b o d i e s 

The lode horizon appears to be quite continuous throughout the 

Willyama Complex (Johnson and Klingner, 1975) but, as described above, 

can have a very variable lithology. A number of attempts have been 

made to study the variation within this formation, and especially 

within the sulphide-rich rocks, mostly involved relating any apparent 

zoning to various origins. 

Burrell (1943), Garretty (1943), Gustafson et al. (1950), Hawkins 

(1968a) and Stanton and Richards (1961) described the variations in 

base metal ratios in the lodes. Each lode has comparatively constant 

and characteristic ratios, enabling distinction of lodes even in close 

contact. King and O'DriscoU (1953), King and Thompson (1953) and 

Carruthers (1965) cited these ratios in support of a syngenetic 

origin, but they could not provide a satisfactory explanation for 



t±ieir variation. 

Plimer (1968) studied the variability of the lodes, and concluded 

that the complexity was due to both original depositional variability, 

and s e v e r a l types of tectonic mineral redistribution . 

Burford (1972) studied the B lode, and found evidence for a weakly 

defined lateral zoning, as indicated by variations in Cu, Pb, Zn, Ag 

and Bi, all opposite in trend to other volcanogenic deposits, and 

which he thought to indicate overturning of this orebody. The 

copper-rich zone on the hanging wall was also noted by Hawkins (1968). 

Mackenzie (1968) noted that a pyrrhotite-rich zone envelops the 

l e a d l o d e s b u t c o u l d f ind no e x p l a n a t i o n for i t . 

Stanton (1976a, b, c, d) and Stanton et al. (1978) discussed the 

geochemical variation within the lodes and the BIF's and the 

interrelations of various components. A general zonation was not found 

in the sulphide lodes but the BIF's show consistent zoning down to 

fine bands. This latter fact was used as evidence for isochemical 

metamorphism and for lack of any mobilization in the area, although 

Rutland et al. (1979) thought this conclusion very debatable, the BIF 

being an unusual lithology. Stanton (1976a,b,c,d) thought of the BIF 

as an oxide facies variant of the sulphide lodes, deposited in the 

closing stages of ore deposition. 

Plimer (1975) detected a minor alteration zone, potassium-rich and 

sericitized, about the ore deposit, and he ascribed this to retrograde 

alteration. Fluid ascent along sulphide-silicate boundaries was 

thought to be re^onsihle. 

Stanton (1976c) compared the vertical distribution of the major 

metal in these lodes with other stratiform sulphide orebodies, where 

Cu-Zn-Pb-Ag is the usual order of deposition. The opposite trend 



appears in the Broken Hill orebodies, both within each lode and over 

the whole lode sequence, and this he interpreted as indicating 

inversion of the lodes, a hypothesis supported by the structural work 

of L a i n g et a l . ( 1 9 7 8 ) and now g e n e r a l l y a c c e p t e d . 

pHmer (1977 and 1979) reconsidered the alteration zone and showed 

that most aspects of it could have been due to pre-metamorphic 

hydrothermal alteration. Similarities were shown between this 

alteration zone and those near known submarine exhalative ore 

deposits. In the latter paper PlLmer proposed that elemental zoning 

(Fig. 1.8) witliin and between the lodes is related to this alteration. 

Elliott (197 9) discussed these geochemical haloes in greater detail 

and found them to be stratigraphically controlled originating . from 

primary chemical precipitation as well as hydrothermal alteration. 

Billington (1979) discussed variations within the orebodies and 

associated quartzites, which suggested variation from oxide to 

silicate to sulphide facies. 

Ryall (1979a) noted a general increase in mercury towards the 

stratLgraphic tops of most lodes, but no relation between lodes. This 

vertical variation is consistent with other stratiform ore deposits 

(Ryall, 1979b), but is complicated by mobilization due to partial 

melting, plastic flow and retrograde shear zones. It was shown that a 

much greater number of samples would be required for adequate 

determination of distribution of any components. Most studies of 

geological and geochemical variability at Broken Hill have similarly 

b e e n on a b r o a d s c a l e , w i t h i n d e f i n i t e r e s u l t s . 

1 . 4 M e t h o d s of I n v e s t i g a t i o n u s e d in t h i s s t u d y . 

The Western A lode is not exposed on the surface and at present has 
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only minor exposures in underground workings. There has, however, been 

extensive diamond drilling of the lode, as 23mm diameter core. Most 

sampling was thus done on this core, aided by several trips 

underground. 

Significant sections of selected drill holes were logged, and the 

resulting cross-sections are described in Chapter 2. The results are 

generally similar to the NBHC core logs, despite some incompatibility 

ill style due mainly to more detailed logging with somewhat different 

aims. 

Samples have been taken at various intervals, depending on 

lithology and mineralogy, in order to obtain representative samples of 

major units or rocktypes, as well as of many anomalous units and 

unusual assemblages. Sampling sometimes was needed at 10 cm intervals 

or less due to the extremely patchy nature of much of the lode. 

Logging likewise was initially attempted at 1 m intervals, 

determining average mineralogical compositions, but has reverted to 

logging of rocktypes, from 10 cm thickness upwards. This fine-scale 

logging has still not produced a well defined correlation between 

holes, although some trends are obvious. Several hundred samples have 

thus been gathered, and polished thin sections were made of most, for 

the study of sulphides and oxides as well as silicates, and for 

microprobe analysis. 

Mineral phases were analysed by X-ray Diffractometry to positively 

confirm their identity. This proved to be a necessity for many of the 

pyroxenoids. 

About 500 Electron Microprobe analyses were conducted on most 

important silicate and oxide phases. 

NBHC has provided access to their analytical data, which usually 



com prised Pb, Zn, Ag and Cu with occasional Fe, As and Bi analyses. 

Whole-rock and some trace element analyses were also provided by NBHC 

for selected sections of one drillhole. A large number of whole-rock 

analyses of most common units around the lodes are available from 

other sources, so this aspect was not stressed in this thesis; 

particular aspects of whole rock chemical variation have been 

described in great detail by Stanton (1972), PHmer (1979) and Elliott 

(1979). 



C h a p t e r 2 . S t r a t i g r a p h y & S t r u c t u r e 

2.1 Introduction 

The WAL is a western extension of the A lode (Tables 1.3, 1.4; Fig 

1.4 ), being overturned and dipping steeply to the Northwest. The A 

lode proper is similar in nature and complexity to the WAL but, due to 

sulphide concentration in an F2 fold hinge, has a higher economic 

grade. Examples of the mineral distributions on which the lode is 

s u b d i v i d e d for this s t u d y a r e s h o w n on F i g . 2 . 1 0 . 

Relogging of WAL drillcore has produced good evidence for broad 

zoning into several distinct horizons (Fig. 2.1 - 2.6). The boundaries 

between the various zones are often difficult to define however, due 

to frequent intercalation, intergradation and shearing. Microscopic 

investigation was necessary to define most bour^daries, although the 

major parts of most zones are easily identified mesoscopically. The 

various zones are discussed below. 

2.2 Sillimanite Gneiss 

The lode is enclosed within a pelitic gneiss, locally termed the 

sillimanite gneiss . This is principally a siliceous biotite-

sillimanite gneiss, but may include minor lenses of garnet, quartz, 

biotite and feldspar-rich gneisses and quartzites, rarely more than a 

few metres thick. Minor patches of lode rocks, e.g. garnet quartzite 

or gahnite-rich rock , often sulphide-bearing , may occur . 

Quartzo-feldspathic zones are probably principally anatectic, and are 

described in section 3.4.4. 

The gneiss is commonly retrogressed, resulting in a sericite gneiss 

or sericite schist where this has b e e n most e x t e n s i v e . 
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2.3 Gahnite-rich Zone 

This subdivision is normally the uppermost zone in the VN'AL 

stratigraphy. Gahnite is not uncommon in the garnet quartzites or 

s i l l imanite gneisses, but is volume trie ally insignificant there. This 

zone is definec3 to average more than 5 vol.% of gahnite, which is not 

always visible in hand specimen. This zone has a high variability, 

comprising lithologies varying from gneisses to ga rnet quar tz i t e s , 

with abundant , but erratically distributed, sulphides and gahnite. 

Quartzo-feldspatliic rocks may occur, but are minor. Spinels (gahnite 

and hercynite), biotite, garnet (almandine), quartz, pyrrhotite, and 

galena are the most common phases. 

Coarse-grained blue quartz gahnite veins are common in this zone, 

and these may also contain b io t i te or ga rne t (seldom b o t h ) . 

This zone has a variable size and gahnite content, apparently 

related to the sulphide content and as it is insignificant in some 

sulphide-poor areas it has not been shown on all sections. It normally 

separates the gneiss from the garnet quartzites but may occasionally 

l ie within e ither l i tho logy . Baner jee (1974) described a similar 

gahnite-rich selvage (also containing quartz-gahnite veins) between 

z inc - r i ch sulphide ore and aluminous wallrocks in the Geco Mine, 

Canada, as being of metamorphic origin. 

2.4 Upper Garnet Quartzite 

Stratigraphically below the major gahnite-rich zone are quartzites 

of wide ly v a r i a b l e composition ( the ' quar tz i te e n v e l o p e ' of 

Billington, 1979). In the WAL they are principally garnet quartzites 

w i th v a r i a b l e su l ph ide and b i o t i t e c o n t e n t s , b u t m i n o r 

gahnite-bearing, and staurolite-bearing horizons may occur. A zone of 



quartzofeldspathic rocks + sillimanite gneiss j- quartz - gahnite 

rocks, all commonly extensively sericitized, is widespread but cross 

cutting in this zone (Figure 2.4), and is related to shearing and 

pegmatite intrusion. Blue and white quartz veins, breccias (garnet 

quartzite in quartz veins) and coarse-grained garnet - sulphide -

quartz patches are probably related to the "re mobilized garnet 

quartzites" of Spry (1978) and occur throughout the garnet-rich 

litliologies. Quartz and sulphides tend to show a general antipathetic 

relation to garnet and biotite, giving rise to the "biotite - garnet 

quartzites" and "sulphide quartzites" of Billington (1979), the latter 

lithology teing most common near the base, and the former near the top 

of this zone (Fig. 2.7). 

2.5 E>yroxenoid-Amphibole Zone 

This zone lies approximately in the central, most sulphide-rich, 

part of the lode and is defined to include all pyroxenoid and most 

of the significant amphibole occurrences (>5 vol.%) of the -̂-JAL. The 

major minerals include pyroxmangite, rhodonite, spessartine, quartz, 

amphiboles, sphalerite, pyrrhotite and galena. Bustamite, frequently 

mentioned in N .B .H .C . mine logs , is a m isid entif ic otion of 

cummingtonite - group amphiboles or other pyroxenoids. CUnopyroxenes 

(principally manganoan hede nber gite) are locally abundant . 

The p y r o x m a n g i t e usually occurs in irregularly - shaped 

coarse-grained, almost mono miner allic pods several metres across, 

(similar structures in the Broken Hill lodes were described by Maiden 

(1975) as boudins). Amphibole - rich garnet quartzites tend to 

envelope these pyroxenoid - rich rocks with little overlap, and thus 

amphibole and pyroxenoid s u b z o n e s may b e r e c o g n i s e d . 



S u l p h i d e - r i c h q u a r t z i t e s a r e common in this zone, and grade into 
pyroxmangite and/or g<3rnet-rich rocks. 

" G a r n e t Sandstone" (a local term for a f ine - grained spessartine -
rich rock, c . f . Andrews,1922), is p r e s e n t in smal l p a t c h e s t h r o u g h o u t , 
b u t r a r e l y o u t s i d e , t h i s z o n e . Jones (1968) and Hodgson (1975c) 
considered these rocktypes to be m e t a s o m a t i c in o r ig in , however the 
genesis is unclear . 

G a r n e t q u a r t z i t e s , a m p h i b o l e - g a r n e t q u a r t z i t e s and, r a r e l y , 
b i o t i t e - g a r n e t q u a r t z i t e s occur t o w a r d s the o u t e r p a r t s of t h i s 
z o n e . F l u o r a p a t i t e - r i c h q u a r t z i t e s a r e m i n o r b u t i n t r i g u i n g 
l i t h o l o g i e s o f t e n p r e s e n t in t h i s z o n e . T h e s e l i t h o l i g i e s c a n b e 
e i t h e r m a s s i v e o r l a y e r e d , a n d p r e s u m a b l y i n d i c a t e o r i g i n a l 
sedimentary phosphate accumulations. 

2.6 Lower Garnet Quartzite 
S t r a t i g r a p h i c a l l y th i s is t h e lowermost , and most westerly, zone of 

t h e WAL. I t c lose ly r e sembles t h e upper g a r n e t q u a r t z i t e , b u t i s 
u s u a l l y c o n s i d e r a b l y t h i c k e r , w i th b i o t i t e p e r h a p s l e s s common. 
Gahnite may be locally abundant near the s t r a t i g r a p h i c ba se , bu t t h e 
gahnite - r ich zone is discontinuous. 

A f r a c t u r e zone, up to 5m thick may occur here,and grades from vughs 
filled with unconsolidated sandy and c l ayey m a t e r i a l , t h rough c h l o r i t e 
+ c a l c i t e v e i n s t o c h l o r i t i z e d g a r n e t q u a r t z i t e s . 

2.7 Sillimanite Gneiss 
T h i s g n e i s s , s t r a t i g r a p h i c a l l y u n d e r l y i n g t h e l o d e s , a p p e a r s 

s imi la r t o t h e over ly ing gneiss , bu t l i t t l e d a t a i s a v a i l a b l e on i t 
due to insuff ic ient drillhole intersections. 



Chapter 3. Petrography 

3.1 Intrcxiuc±iQn 

The WAL has undergone a complex metamorphic history, as described 

for the general area in Chapter 1. The present textures are usually at 

least partly retrograde in nature but there seems evidence for greater 

retrogression in gahnite-bearing and amphibole-bearing rocks than in 

other rocktypes. The major mineralogical constituents and grainsizes 

are shown in Tables 3.1 and 3.2. The rocktypes described below are 

related to, but not necessarily equivalent to, the zones described in 

Chapter 2, which usually comprise many different lithologies. 

3.2 Textures 

Throughout most of the lode rocks there is a tendency towards a 

granoblastic texture due to contemporaneous recrystallization of 

silicates, sulphides and oxides at high metamorphic grade (Lawrence, 

1973). Lawrence (1973) showed that polygonization in sulphides may 

also occur during recrystallisation following retrograde metamorphism 

and shearing and is particularly evident at Broken Hill. This tendency 

towards polygonization, dependent on relative surface energies (Spry, 

1969) has also been described in these rocks by Stanton (19 6 4). 

A linear fabric may be present, due to alignment of prismatic 

minerals such as sillimanite and amphibole with fold axes or shear 

directions. Pyroxmangite may also rarely show a weak alignment in 

r e c r y s t a l l i s e d f r a c t u r e s in p y r o x e n o i d b o d i e s . 

A strong planar fabric is occasionally present within schistose 

biotite or muscovite-rich horizons and is common in RSZ, due to 

sericitization. Gneissic biotite and/or sillimanite-rich layers are 



Table 3.1: Approximate Grainsize Ranges (mm) 

Mineral 
Quartz 
Garnet 
Biotite 
Sillimanite 
Staurolite 
Gahnite 
Muscovite 
Orthoclase 
Plagioclase 
Chlorite 
Gumming ton ite 

series 
Actinolite 
Rhodonite/ 

Pyroxmangite 
Manganoan 

Hedenbergite 
Fluorapatite 
Ilmenite 
Sphalerite 
Galena 
Pyrrhotite 
Ghalcopyrite 
Arsenopyrite/ 

Loellingite 

Prograde 
O.S - 2 
0.1 - 1 
0.1 - 5 
0.2 - 2 

0.1 - 2.5 

0.5 - 10 
0.1 - 1 

1 - 1 5 

1 - 1 0 
0.1 - 0.5 
0.01 - 0.2 
0.1 - 10 
0.1 - 10 
0.1 - 10 
0.1 - 2 

0.2 - 5 

Remobilized/Pegmatitic 
0.5 - 20 
0.5 - 20 

0.5 - 15 
0.1 - 1 
10 - 100 
0.1 - 0.5 

5 - 5 0 

0.2 
0.2 
0.2 
0.2 

50 
50 
50 
5 

Retrograde 
0.1 - 0.5 
0.1 - 0.5 
0.1 - 1 
0.02 - 0.4 
0.1 - 4 

0.01 - 1.5 

0.01 - 1.5 

0.1 - 10 
0.1 - 2 

<0.02 
<0.1 
<0.2 

0 . 2 - 2 



Table 3.2: AVERAGE MJDMJ COMPOSITIONS OF IMPORTANT ROCK TYPES 

(Visual estimates from polished thin sections) 

Rock type 

No. of thin sections used 

Sillimanite 
Gneiss 

Gahnite-rich 
rocks 

27 

Garnet Amphibole-Garnet 
Quartzite Quartzite 

31 20 

Pyroxenoid 
-rich rocks 

23 

Sulphide 
Quartzite 

13 

Quartz 
Garnet 
Biotite 
Sillimanite 
Staurolite 
Gahnite 
Muscovite 
Orthoclase 
Cummingtonite series 
Pyroxenoids 
Mn-Hedenbergite 
Sphalerite 
Galena 
Pyrrhotite 

48 (21*) 
20 (10) 

14 (6) 
3 (5) 
3 (4) 
tr 
12 (2) 
tr 

36 (27) 
9 (10) 
11 (16) 
1 
4 (10) 
22 (20) 

4 (11) 
3 (9) 

tr 
Arsenopyrite/Loellingite 

1 
2 (3) 
7 (8) 
2 (4) 

65 (23) 
26 (16) 
5 (6) 
tr 
tr 
tr 
1 
tr 
tr 

1 
tr 
1 
tr 

48 (31) 
30 (25) 
tr 

13 (11) 

5 (8) 
tr 
4 (8) 
tr 

23 (22) 
13 (14) 
tr 

5 (10) 
45 (30) 
6 (15) 
3 (5) 
1 
3 (6) 
tr 

59 (17) 
9 (9) 
4 (6) 
tr 

1 
3 (5) 

tr 
tr 

12 (10) 
1 
11 (13) 
1 

to cr\ a> 

* Standard Deviation 



often present in the sillimanite gneiss, gahnite-rich zone, drt-fi garnet 

quartzites. 

Local remobilization is indicated by quartz - rich veins and 

pegmatite veins (which can be either quartzofeldspathic or sulphide 

rich). Late stage shearing is indicated by microfaulting in garnet and 

gahnite (Fig. 3.1), as well as by amphibole-rich and sericite-rich 

veins. 

3.3 Petrography of Principal Rock types. 

3.3.1 PeHtes (Sillimanite Gneiss). 

The principal prograde assemblage in this lithology is quartz-

sillimanite- biotite - garnet - orthoclase. Orthoclase, and rarely 

minor plagioclase, occur in quartzo-feldspathic segregations which 

grade into pegmatites. Orthoclase is also commonly present as 

poikiloblastic porphyro blasts or 'augen', especially stratigraphically 

immediately belov; the WAL. Sillimanite, garnet, biotite, and quartz -

rich layers are all locally abundant. 

Chloritic alteration of biotite is common, but such replacement 

rarely goes to completion. Sericitisation along grain boundaries and 

cleavages is common in sillimanite and feldspars, and rare about 

garnet and biotite. 

3.3.2 Gahnite-rich rocks. 

This zone is complex and variable, but the stable prograde 

assemblage is usually quartz - gahnite - biotite +_ garnet +_ 

sillimanite ^ galena + pyrrhotite. Similar rock types have been 

described from Broken Hill by Segnit (1961). Sillimanite segregations 



27a. 

Fig. 3.1 Microfaulted gamet in quartz (4502/62.8). 
PPL. 

0.5 mm 

0.5 mm 

Fig. 3.2 Exsolution of ilmenite and rutile in 
and about biotite (4502/36.4) 
Q = quartz, B = biotite, G = gamet, 
I = ilmenite. PPL. 
Rutile closely reseinbles iliiienite in 
this photograph. 



and garnet layers occur and, with biotite, define a weak foliation. 

Quartzo-feldspathic segregations are locally present, but commonly 

transect this foliation. Gahnite-quartz veins, similar to those 

d e s c r i b e d by B a n e r j e e ( 19 7 4 ) , are l o c a l l y a b u n d a n t . 

Biotite is commonly present as a selvage about gahnite, although 

not normally appearing to replace it, and they may be genetically 

related. Where intergrown with fine staurolite about gahnite (c.f. 

Sections 4.7 and 4.10), it may however be a reaction product. Most 

biotite is partly chloritized, and may show exsolution lamellae or 

coronas of rutile and ilmenite (Figure 3.2). This corona may be 

partly incorporated within the biotite grain, indicating retrograde 

recrystal 1 ization. It resembles the coronas produced by partial fusion 

of biotite, but lacks the glass, magnetite, and anhydrous silicates 

usually formed from such breakdown (Le Maitre, 1973; Busch et al., 

1974; Brown, 1979). 

Staurolite commonly replaces gahnite, as described in sections 4.7 

and 4.10, but is usually in textural equilibrium with muscovite, 

garnet, biotite and sillimanite, indicating complete retrograde 

recrystallisation of these rocks. 

3.3.3 Garnet Quartzite 

The general prograde assemblage of this rocktype is quartz - garnet 

- biotite +_sphalerite + galena +_pyrrhotite + sillimanite + gahnite +_ 

amphibole but is commonly almost pure quartz and garnet. Where biotite 

and/or gahnite are abundant, these rock types may grade into the 

gneissic or gahnite-rich units, or with incresing sulphides into 

sulphide quartzites. Amphiboles (mainly of the cummingtonite group, 

but also actinolites) are rare, and are usually restricted to near the 



amphibole subzones. They do not coexist v;ith siUimanite or gahnite 

but rarely coexist with biotite. Small anhedral grains of monazite, 

rutile and allanite are local accessories and euhedral ilmenite is 

frec^uently abundant. Minor scheelitG has be-en recently noted in garnet 

quartzites from the A-lode (D. Milton, pers. comm.) but was not found 

in this study. 

Macro and meso-bands, down to about 2mm thick, are defined mainly 

by variations in contents of quartz , garnet , biotite and /or 

sulphides, and are not uncommon. 

Retrogression has not greatly affected this rocktype, except for 

partial chloritiza tion of biotite, locally a b u n d a n t s t a u r o l i t e 

(sometimes as fine cross-cutting veinlets) in the outer parts of this 

zone (Figure 3.3), and minor amphiboles present in the inner parts of 

this zone. 

3.3.4 Pyroxenoid-rich rocks 

The common prograde assemblage is quartz - garnet - pyroxmangite -

rhodonite - sphalerite - pyrrhotite - galena +_ chalcopyrite +_ 

manganoan hedenbergite + flaorapatite ^ loellingite + biotite. By 

definition the pyroxenoids are restricted to, and biotite practically 

absent from, the pyroxenoid subzone which may, in places, be almost 

m ono m iner allic. 

The pyroxenoids in the WAL are pyroxmangite and rhodonite, both 

(Mn, Fe, Ca)Si03 , which are present in approximately equivalent 

amounts (see Appendix for analyses). Any pyroxmangite discussed below 

may, in part, be rhodonite, as they are very difficult to distinguish 

(see Section 4.9). Manganoan clinopyroxenes, near hedenbergite in 

composition , but with s i g n i f i c a n t but v a r i a b l e j o h a n n s e n i t e 



29a. 

Fig. 3.3 Staurolite (St) vein in quartzite 
with garnet (G). (4918/85.3). PPL. 

0.5 
mm 

Fig. 3.4 Intergrowth of rhodonite (R) and 
pyroxmangite (P). (2/9A). XPL. 

0.5 
mm 



(CaMnSi2 0g), diopside and kanoite (MnMgSi2 0g) components, are locally 

common and, being closely associated with the pyroxenoids are, for 

s i m p l i c i t y , c o m m o n l y i n c l u d e d as s u c h in t h i s t h e s i s . 

The pyroxenoids commonly occur in massive granoblastic aggregates, 

sometimes quite pure but usually with some interstitial sulphides, 

garnet and quartz. Intergrowths of rhodonite , pyroxmangite and 

hedenbergite are quite common (Figures 3.4 & 3.5). Occasional 

subplanar zones of finer pyroxmangite seem to represent healed 

fractures in massive pyroxenoids. 

Fine to coarse-grained amphiboles* (cummingtonite and actinoUte 

groups) are common as a direct replacement of pyroxmangite (Figures 

3.6 & 3.7), preferentially along grain boundaries and cleavages, but 

are not always directly associated. 

Pyrosmalite and manganpyrosmalite are less common retrograde 

alteration products of pyroxmangite, usually closely associated with 

very fine to coarse, apparently remobilised, galena (Figures 3.8 & 

3.9). 'sturtite' , a poorly de f ined , non - c rys ta l l ine , n e o t o c i t e - l i k e 

phase (Hodge-Smith, 1930; Portnov et aL 1978; Clark et aL 1978), is 

a much l a t e r s t a g e a l t e r a t i o n p r o d u c t o f p y r o x m a n g i t e . 

Manganoan stilpnomelane is another uncommon retrograde phase found 

intergrown with sulphides within massive pyroxenoids (Figure 3.10). 

Allanite, sphene and biotite are other rare accessories in this zone. 

3.3.5 Amphibole-ricb units 

The amphiboles are uncommon within garnet quartzites and pyroxenoid 

- rich rocks, but are most abundant in the selvage (amphibole 

sub zones) between these two lithologies. The amphibole frequently 

occurs as patches, veins and small aggregates in garnet quartzites. 

* Dannemorite (Mn2Fe5Si802 2 (OH) 2) is usually the dominant end-member 
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R H 

Fig. 3.5 Intergrowth of rhodonite (R) and 
hedenbergite (H) (4478/68.1) XPL. 

0.5 
mm 

0.5 
mm 

Fig. 3.6 Dannemorite (D) replacing pyroxenoid (P) 
along grain boundaries, fractures and 
cleavages, with quartz (Q), garnet (G) 
and sulphides (S). (4634/73.0). XPL. 
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0.5 
mm 

Fig, 3.7 Dannemorite (D) replacing pyroxenoid 
(P) along fractures and cleavages, with 
coarse dannemorite and garnet (G). (2/lB) 
XPL. 
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0.5 
mm 

Fig. 3.8 Ragged pyrosmalite (Ps) crystal 
replacing pyroxenoid (P) with garnet 
(G) and sulphides (S). (2/9B). XPL. 
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Fig. 3.9 Alteration of pyroxenoid (P) to 
pyrosmalite (Ps) with a fine-graded 
selvage of manganpyrosmalite (M) and 
galena (Gn). (2/9BA). XPL. 

0.5 
mm 

Fig. 3.10 Manganoan stilpnomelane (S) in 
pyrrhotite (Po) with rhodonite (R) 
(4483/116.1). PPL. 

0.2 
mm 



Garnet, biotite and rarely chlorite occur locally in equilibrium with 

the amphiboles but pyroxenoids are rare, and are usually highly 

altered, within this rock type. Amphiboles may occur in 'tension 

gashes' as fibrous aggregates with sulphides, which probably indicate 

late stage metasomatic activity related to shearing and fracturing 

(Figure 3.11). These a^ociated sulphides are predominately sphalerite 

and pyrrhotite, but include minor galena and chalcopyrite. Small 

amphibole selvages separating garnet - rich and quartz - rich 

lithologies could also represent zones of shearing. Some irregularly 

shaped amphibole-sulphide (mainly sphalerite and pyrrhotite) 

a g g r e g a t e s in quartz are possible replacements of original 

pyroxmangite grains (Fig.3.13). Some amphiboles appear to have also 

replaced sulphides (predominantly sphalerite and pyrrhotite) (Figures 

3.14 & 3.15). Some exhibit several generations of formation (Figures 

3 .16 - 3.18), as is shown by a variation in colour, grainsize or 

number of inclusions. 

3.3.6 Sulphide Quartzite 

These lithologies comprise the major sulphide bearing rocks of the 

A lodes and are most common in, or near, the amphibole - pyroxenoid 

zone. The most economically viable sections of the lode are thus 

dependant on the abundance of these sulphide quartzites. The major 

assemblage is quartz - sphalerite - galena - pyrrhotite + garnet + 

arsenopyrite / loellingite. They show signs of re mobilisation into 

coarse grained veins and "pegmatites", as described by Lawrence (1967) 

and Maiden (1975),and are extremely inhomogenous. They grade into 

garnet quartzites, amphibole - rich or pyroxenoid - rich units, with 

increasing garnet, amphibole and pyroxenoid contents respectively. 



31a. 

Cpy 

Cpy & Po 

1 cm, 

Fig. 3.1L Vein of cummingtonite/dannemorite (K), with chalcopyrite (Cpy) 
and pyrrhotite (Po), in coarse grained, remobilised garnet (G) and 
quartz (Q). 

1 cm, 

Fig. 3.12. Quartz vein (Q) with remobilised sulphides (S) and coarse grained 
garnet-rich selvages, in garnet quartzite (GQ) , with sulphide— 
garnet quartzite (SGQ). 
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Fig. 3.13 Aggregate of dannemorite in quartz, 
(2/4A). XPL. 

0.5 
mm 

• • • • - .• / « 

0.5 
ram 

Fig. 3.14 Dannemorite (D) replacing sphalerite (S) 
with garnet (G). (2/3A). PPL. 
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Fig. 3.15 Sphalerite (S) intergrown with 
dannemorite (D). {2/3k), PPL. 

0.25 
mm 

D2 D1 

0.5 
ram 

Fig. 3.16 2 generations of dannemorite (D1 and D2) 
with garnet (G) and quartz (Q). (4502/65.lA) 
XPL. 



31d. 

0.5 
mm 

Fig. 3.17 2 generations of dannemorite (Dl and D2) 
with quartz (Q) and sphalerite (S). 
(4502/65.IB). XPL. 

A2 A1 

0.25 
ram 

Fig. 3.18 2 generations of actinolite (A1 and A2) 
with sulphide inclusions and a pleochroic 
halo about allanite (top centre). (4478/85.8) 
PPL. 



These rocktypes shov; good polygonal textures, indicative of 

annealing after high-grade metamorphism. Stanton (1964) and Lawrence 

(197 3) have discussed the textures of the Broken Hill sulphide 

minerals, of which these are quite typical, in s o m e deta i l . 

3.4 Petrography of Minor Rocktypes 

3.4.1 Introduction 

Although few geologists still favour an epigenetic, hydrothermal 

origin for the orebodies (Johnson and Klingner, 1975) a limited amount 

of metasomatism is known to have occurred in close spatial association 

with them (Segnit, 1968; Hodgson, 1975; Phillips, 1978; Plimer, 1979). 

Many of the following minor rock types may result from such local 

metasomatism. 

Pegmatoid rocktyp^ are a common, but minor, phase in these rocks. 

They appear to be principally anatectic in origin, but s o m e 

metasomatism was probably involved in their formation (PHmer, 1976a). 

Retrogressive lithologies, probably also partly metasomatic, are 

also discussed here. 

3.4.2 Quartz-rich veins 

Small veins rich in quartz (generally bluish, but sometimes white) 

are common throughout the lodes. They are mentioned by Dewar (1968), 

who found them to grade into the pegmatites and described them as 

metasomatic. These veins may be pure quartz, but commonly contain 

coarse sulphides + gahnite + garnet. Quartz-gahnite veins (PhiUips, 

1980) and "remobilised garnet quartzites" (Spry, 1978) are varieties. 

Blue and white quartz veins cutting garnet quartzites may result in 



coarse garnet at the vein edges (Figure 3.12) (a phenomenon discussed 

by Walther and Orville, 1982) but these veins do not appear to have 

remobilised material to any great extent. Blue quartz is common in 

most lode rocks at Broken Hill, and was thought by some geologists to 

represent original chert ( D. Milton, pers. comm.). Dewar (1968) 

however, shov;ed blue quartz veins to be remobilised some distance from 

lode rocks, and found them to transect the stratigraphy. The blue and 

w h i t e f o r m s o f q u a r t z a r e d i s c u s s e d in s e c t i o n 4 . 2 . 

3.4.3 Garnet Sandstone 

'Garnet Sandstone' (see also section 2.5) consists of between 50 

-95 vol.% garnet, with quartz, sulphides and amphiboles, and grades 

into garnet quartzite. This rocktype is not nearly as well developed 

in they WAL as in the lead lodes, where its abundance is related to 

the higher Ca and Mn there, and where it is correspondingly richer in 

Ca and Mn (Spry, 1978). ScheeUte was not noted in garnet sandstones 

from the WAL, despite its abundance in garnet sandstones of the lead 

lodes and minor presence in the A lode garnet quartzites ( D. Milton, 

pers. comm.). 

Banding is usually absent, but quartz veins may be present. The 

rock is frequently quite friable. The lithology is restricted within, 

or close to , the sulphide - pyroxenoid - araphibole zone and varies 

from 5 cm to 1 m thick. 

3.4.4 Quartzo-feldspathic rocks 

This rock type, also termed lode pegmatite by mine geologists, 

migmatite or pegmatoid rock, is present in most drillholes in this 

lode. It most frequently occurs in the sillimanite gneiss and gahnite 



rich rocks, but may occur in the garnet quartzites. Plimer (1976a) 

described similar lithologies, including veins, lenses, concordant and 

irregular masses, as being anatectic in origin, although BiUington 

(1979) considered that they derived, in part, from acid pyroclastics. Phillips 

(1978) considered that this anatectic fluid resulted from biotite 

breakdown, perhaps instigated by an influx of CO 2 - rich fluid 

(Phillips and Wall,1982) and Plimer (1976a) suggested that the 

sulphides may form an impermeable barrier to these pegmatite fluids, 

localizing the pegmatite into "stratigraphic" horizons. Dewar (1968) 

and Hodgson (1975b) found that some of the pegmatites graded into 

quartz veins, but there is no evidence for this in the WAL. 

The pegmatites found in this study show cross-cutting relationships 

to the WAL and thus it is postulated that the pegmatites derive from 

anatexis in the garnet - quartzite and sillimanite gneiss, the 

anatectic fluid being somewhat localized by the relatively impermeable 

sulphide-rich rocks. 

3.4.5 Apatite - rich Rocks. 

These unusual rock types are occasionally found as small bodies 

within the pyroxenoid-amphibole zone. They are quite variable in 

composition but a common assemblage is quartz - garnet - fLuorapatite 

+ pyroxenoids + biotite + galena, and they closely resemble garnet 

quartzites. 

Their genesis is uncertain, but Stanton (1976e) found a strong 

correlation between P and S in the Broken Hill lodes. Fluorapatite is 

quite common throughout the WAL (Birch et al. 1983), and is considered 

to represent sedimentary apatite accumulations derived from 

phosphate-rich ore - bearing fluids. 



3.4.6 Remobilised Sulphides 

This is a minor, but important and widespread, rock type throughout 

the WAL. It is usually coarse grained, and has galena - sphalerite -

pyrrhotite - quartz + garnet jf pyroxraangite + chalcopyrite as a common 

assemblage. 

Macroscopic structures and textures indicate that this rocktype 

derived from metamorphic re mobilization (principally mechanical but 

aided by fluid activity) of disseminated sulphides similar to the 

process described by Rui and Bakke (1973). 

3.5 Petrography of Retrograde Lithologies 

The e f f ec t of retrogression is highly dependent on the nature and 

composition of the various rock types. Small shear zones may be 

present throughout the lode, but seldom completely obliterate the 

original mineral assemblage or texture- They grade from chlorite 

ca l c i te 4; pyirite in joints, to highly sericitized or amphibolitized 

zones up to 3 m thick (section 3.3.5). Attempts by mine geologists and 

the author to define the limits of a RSZ in the western part of the 

WAL, and relate it to the mineralogical zones defined here, proved 

inconclusive. Retrogression is quite pervasive through the WAL, 

however, and can be identified in practically all major rocktypes, as 

described above. 

The pegmatites are extensively sheared and sericitized, and are 

commonly c losely related to shear zones. Partial melts could 

conceivably exploit such intermittently active zones of weakness, or 

alternatively, shearing could be promoted by the locally high fH20 

(Griggs, 1967) present during cooling and crystallization of the 



p e g m a t i t e s . Various breccias , often associated with these 

quartzo-feldspathic rocktypes, were thought by Billington (1979) to 

have a sedimentary or pyroclastic origin but no evidence was found in 

this study for such an origin, and they seem more likely to be 

syn-deformational, formed by brittle deformation and metasomatism 

during shearing. 

Gahnite rich rocks may be almost completely retrogressed to quartz 

- sericite - chlorite over a few metres. Large thicknesses of 

a mphibole-rich rock appear to originate from retrogressed 

pyroxmangite, and some gradations can be seen on a macroscopic scale. 

The patchy retrogression with partial replacement of prograde 

minerals is typical of retrograde metamorphism (Yardley, 1981a) and is 

due to widely variable fH20. 



Chapter 4 . Mineralogy. 

4.1 Introduc±ion. 

The mineralogy of the majDr gangue minerals in the WAL was studied 

by t ransmi t ted and r e f l e c t e d l i g h t microscopy, e l e c t r o n microprobe 

a n a l y s i s , and x - r a y d i f f r a c t i o n . Methods of chemica l analysis a re 

descr ibed in Appendix I , t h e m i c r o p r o b e a n a l y s e s a r e l i s t e d in 

A p p e n d i x I I , a n d a v e r a g e a n a l y s e s a r e l i s t e d in T a b l e 4 . 1 . 
2+ All Fe determined in the microprobe analyses was calculated as Fe . , 

3+ 2+ 3+ a s Fe was assumed to be negligible. Fe /Fe varies from about 20 

to 60 in WAL garnets, if the assumptions described in Section 4 .3 are 
2+ 3+ 

considered t o be val id. Fe /Fe was shown by Plimer (1977b) to 

average 19 in metasediments between the Broken Hill lodes , 12.9 in 

wallrock metasediments , 8.7 in wall rock biotites and 11.5 in wall rock 

garnets. 

Al l p e r c e n t a g e s a r e quoted as weight p e r c e n t unless otherwise 

stated. 

4.2 Quartz. 

Q u a r t z i s t h e most a b u n d a n t mineral present in the WAL and 

surrounding r o c k t y p e s . I t can be subdivided i n t o b l u e and w h i t e 

varieties by appearance in hand specimen. 

Most of the coarser, prograde quartz tends toward an opalescent blue 

co lour , with a waxy or greasy l u s t r e . The blue colour can only be 

observed in ref lected l ight but , in thin s e c t i o n , undulose e x t i n c t i o n 

and microf rac tur ing a r e seen t o be very abundant . A f i n e , diffuse 

cross - hatching is commonly seen, indicating a mosaic structure to be 

p r e s e n t , with domains of about 10 to 50 microns (Figure 4.1). Ttiis 



Table 4 .1 Average analyses of various mineral phases in the WAL 

Mineral 

No. analyses 

Ilmenite Chlorite *Green Muscovite/ Paragonite Pyrosmalite Manganpyrosmalite Greenalite ?Berthierine Sturtite/ 
Biotite Phengite Hisingerite 

4 

Stilpnomelane 

2 

SiOz .01 23.38 33.24 47.64 45.88 34.34 32.05 29.35 28.09 40.34 45.68 
TiOz 51.95 .03 .09 .17 .01 .00 .00 .00 .00 .01 .03 
AI2O3 .00 22.11 18.26 32.81 36.67 .02 .03 8.91 16.13 .10 4.66 
FeO 44.55 32.95 26.15 2.88 2.42 28.24 22.64 35.90 33.44 22.40 30.73 
MnO 2.70 .34 .25 .09 .18 23.27 26.88 .90 .74 18.89 9.88 
MgO 0.41 7.80 5.62 .77 .17 .46 .25 3.97 6.84 .31 1.12 
CaO .00 .01 .00 .01 .18 .08 .14 .53 .16 0.43 .00 
NaaO .00 .01 .10 .12 6.51 .04 .00 .02 .03 4.62 .04 
K2O .00 .01 8.80 10.53 1.39 .01 .00 .10 .07 .12 4.15 
ZnO .12 .24 .00 .16 .10 .01 .01 .05 .13 .03 .04 

Total 99.74 86.89 93.83 95.17 93.52 86.47 82.01 79.73 *85.63 87.24 96.33 

Si .003 5.208 5.367 6.387 6.058 6.083 6.026 1.837 1.588 .969 11.908 
Ti .991 .004 .011 .018 .001 .000 .000 .000 .000 .000 .007 
A1 .000 5.818 3.476 5.169 5.709 .003 .007 .657 1.075 .003 1.431 
Fe .945 6.180 3.532 .333 .265 4.185 3.545 1.879 1.581 .458 6.699 
Mn .058 .068 .035 .010 .020 3.494 4.290 .048 .035 .379 2.182 
Mg .016 2.551 1.353 .154 .034 .122 .071 .370 .576 .013 .434 
Ca .000 .003 .001 .002 .026 .016 .029 .035 .010 .011 .000 
Na .000 .002 .032 .032 1.692 .006 .001 .003 .003 .096 .021 
K .000 .002 1.813 1.816 .236 .001 .000 .008 .005 .002 1.381 
Zn .001 .039 .000 .016 .010 .001 .002 .002 .005 .001 .008 

0 3 28 22 22 22 20 20 7 7 3 36 

No. atcnis 5.014 47.875 37.992 35.935 36.051 33.908 33.970 11.840 11.879 4.932 60.071 

* Includes 0.74% Cl̂ O, , 0.58% F2O, 0.166 atoms CI, 0.208 atOBS F 

u» 
DJ 



Table 4 . 1 (Cont.) 

Mineral *Fluorapatite Sphene Calcite Almandine Spessartine Biotite Sillimanlte Orthoclase Anorthlte Gahnite 

No. analyses 2 5 2 14 14 14 5 5 5 26 

SiOz .74 30.82 .04 36.81 37.02 37.35 37.33 63.57 43.44 .02 
Ti02 .00 33.92 .00 .01 .04 1.42 .12 .00 .03 .04 
AljOj .00 2.45 .01 20.34 20.37 14.43 61.83 19.57 35.39 56.55 
FeO .00 2.24 1.28 33.65 12.73 18.71 .37 .02 .02 12.12 
MnO .56 .74 6.22 4.99 24.16 .82 .01 .00 .06 .18 

.32 .27 .11 2.65 .38 11.83 .00 .00 .08 1.30 
CaO 52.03 27.61 47.65 .75 5.04 .01 .01 .04 19.96 .00 
NazO .20 .10 .01 .01 .05 .12 .01 0.45 .38 .39 
K2O .00 .01 .00 .00 .01 9.30 .00 15.59 .05 .00 
ZnO .00 .01 .01 .05 .03 .12 .02 , .00 >p .00 28.82 

Total 92.98 98.17 55.33 98.66 99.82 94.11 99.70 100.99 99.41 99.41 

Si .062 1.028 .001 3.017 3.016 5.765 1.012 2.946 2.028 .001 
Ti .000 .848 .000 .001 .003 .165 .001 .000 .001 .001 
A1 .000 .096 .000 1.962 1.957 2.629 1.974 1.069 1.946 1.985 
Pe .000 .044 .019 2.286 .868 2.417 .008 .000 .001 .302 
Mn .042 .020 .091 .343 1.669 .107 .000 .000 .003 .005 
Mg .042 .013 .003 .324 .046 2.722 .000 .000 .006 .058 
Ca 4.744 .983 .886 .063 .439 .001 .000 .002 .978 .000 
Na .051 .008 .000 .002 .007 .036 .000 .041 .035 .011 
K .000 .000 .000 .000 .001 1.833 .000 .922 .003 .000 
Zn .000 .000 .000 .003 .002 .014 .000 .000 .000 .634 

0 12 5 1 12 12 22 5 8 8 4 

No, atans 19.773 8.040 1.999 20.002 20.007 37.689 7.995 12.980 13.001 6.995 

u> 
cr 

* ( includes 38.97% PjOj, 0.06% CI, 2.809 atxms P, 0.010 atoms CI) 

**- ( includes 1.75% PbO) 



Table 4 .1 (Cent.) 

Mineral *Hercynite Cummingtonite 
& Dannemorite 

Actinolite Tirodite Low - Mg 
Pyroxmangite 

Magnesian 
Pyroxmangite 

Rhodonite Hedenbergite Kanoite Staiirolite 

No. analyses 5 12 7 5 6 5 10 11 6 8 

SiOz .03 48.33 50.44 52.48 47.48 49.05 46.54 49.54 49.60 27.90 
TiOz .00 .02 .09 .01 .01 .01 .01 .01 .01 .31 
AI2O3 57.45 .10 1.22 .20 .01 .01 .01 .11 .09 51.84 
FeO 22.19 29.46 21.65 17.41 21.14 17.81 16.94 17.70 17.79 11.29 
MnO .14 9.31 2.60 10.39 26.13 27.16 27.80 8.22 19.62 .13 

1.44 6.07 8.92 12.93 1.44 2.88 .65 4.88 10.00 1.38 
CaO .00 1.37 10.66 3.30 3.78 4 .31 6.82 18.19 2.61 .00 
NazO .00 .03 .06 .07 .02 .01 .01 .04 .04 .10 
KjO .01 .01 .12 .02 .00 .00 .01 .01 .01 .00 
ZnO 18.02 .14 .23 .21 .20 .22 .20 

> 

.11 .27 3.54 

Total 99.40 94.86 95.98 97.03 100.21 101.45 99.00 98.79 100.03 96.49 

Si .001 7.915 7.808 7.949 1.009 1.014 1.002 2.008 1.999 7.909 
Ti .000 .002 .010 .001 .000 .000 .000 .000 .000 0.067 
A1 1.985 .020 .216 .037 .000 .000 .000 .005 .005 17.326 
Fe .546 4.094 2.824 2.205 .376 .308 .305 .604 .600 2.676 
Mn .004 1.291 .347 1.335 .471 .476 .507 .283 .670 .032 
Mg .063 1.457 2.034 2.919 .046 .089 .021 .290 .601 .583 
Ca .000 .239 1.767 .537 .086 .095 .158 .793 .113 .000 
Na .000 .006 .009 .010 .000 .000 .000 .001 .001 .055 
K .000 .001 .012 .002 .000 .000 .000 .000 .000 .000 
Zn .390 .028 .026 .023 .003 .003 .003 .003 .008 .745 

0 4 23 23 23 3 3 3 6 6 46 

No. atoms 6.989 38.053 38.053 38.019 4.991 4.986 4.997 4.988 9.997 75.393 

* inclu3es 0.12% CrzOj (0.003 atoms Cr) 

(jj cf 
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Fig. 4.1 Blue quartz, showing a fine cross-
hatching, and some recrystallisation 
(top right). XPL. 

0 .2 
Iran 

0.5 
mm 

Fig. 4.2 Blue quartz (with inclusions) 
recrystallised along grain boundaries 
(4502/20.4). 



could be related to fine twinning resulting from inversion of a to 3 

quartz during cooling (similar textures were observed by the author in 

some volcanic quartz). Various inclusions are commonly abundant but 

are usually difficult to identify due to their size - usually less 

than 5 microns and often less than 1 micron, but also up to 250 

microns. These appear to include rutile, sulphides (principally 

pyrrhotite and sphalerite), biotite, amphiboles, gahnite, garnet, 

sericite and, most abundantly, fluid inclusions. Stringers or planar 

zones of inclusions, often sulphides, probably represent Boehm 

lameUae (Dietrich, 1971), and are locally common. These lamellae are 

due to movement of material into small . fractures or cleavages in 

quartz, followed by the healing of these structures. The blue quartz 

commonly shows signs of retrograde recrystallization along fractures 

and grain b o u n d a r i e s to wh ite q u a r t z ( F i g u r e 4 . 2 ) . 

White quartz is finer grained (Table 3.1), less strained, and has 

fewer inclusions. It varies from milky to clear, depending upon the 

abundance of fluid incusions. 

Wise (1981) attributed the colour of blue quartz to three principal 

causes : 

I. Scattering of light by closely spaced microfractures. 

II. Scattering or partial reflection from inclusions, 

m. ColDuratLon by titanium. 

i) Jayaraman (1939) showed that the size of the domains produced by 

microfracturing must be of similar orders of magnitude to the 

wavelength of Ught (ie. 0.2 to 0.5 microns) in order to produce 

scattering or partial reflection of light (the Tyndall effect). 

ii) Colloidal sized inclusions of rutile, tourmaline, ilmenite, 

magnetite, zoisite, apatite and bubbles have all been cited as 



possible causes of colouration by scattering or partial reflection of 

light (Dietrich, 1971). Rutile is usually one of the most abundant 

inclusions, and has been noted in much blue quartz from Broken Hill by 

Ramdohr (1950), Stillwell (1957) , Segnit (1961) and Spry (1978) 

although little blue quartz studied by the author contained rutile. 

Some white quartz wcis also found to contain fine rutile and other 

s i m i l a r i n c l u s i o n s to t h o s e f o u n d in b l u e q u a r t z . 

iii) At high temperatures quartz may contain considerable titanium 

in solid solution (Ramdohr, 1950), and this is largely exsolved on 

cooling, often as reticulated needles of rutile (Wise, 1981). Plimer 

(pers. comm. to Billington (1979)) and the author failed to detect Ti 

in quartz by electron microprobe analysis. Fe , in contrast, is 

variable but can be up to 0.1% FeO in blue quartz, suggesting the 

possibility of blue colouration by Fe2+ - Fe3+ charge transfer, as in 

blue kyanite (Faye & Nickel, 1969), and blue siLlimanite (Rossman et 

aL 1982). 

As no evidence exists for Ti in the lattice, and inclusions are not 

ubiquitous, an origin either frem scattering of light by 

microfractures, or from an Pe-doped colour centre, is feasible. 

4.3 Garnet 

The garnets in and around tlie WAL are basically soUd solutions of 

almandine and spessartine, with relatively small grossular and pyrope 

contents (Figs. 4.3 & 4.4 & Table 4.1). Average analyses indicate a 

small A1 deficiency and, assuming : i) that this is not a systematic 

error in calculation, ii) that stoichiometry should be perfect, iii) 

that this deficiency is all due to Fe3+ substitution for Al, then 
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Fig. 4.3 Composition of Garnets. Triangles represent samples 
from the pyroxenoid subzone, asterisks the amphibole 
subzone, circles the garnet quartzite, squares the 
gahnite zone and crosses the sillimanite gneiss. 
Molecular %. 

GARNETS 



39b 
Fig. 4.4 Composition of Garnets. Triangles represent samples 

from the pyroxenoid subzone, asterisks the amphibole 
subzone, circles the garnet quartzite, squares the 
gahnite zone and crosses the sillimanite gneiss. 
Molecular %. 

GRRNETS 



2 + 3 -f 

Fe /Fe could be calculated as c.60 in almandine and 20 in 

spessartine, Mn̂ "*" was assumed to be negligible, as Mn has a lower 

oxidation potential than Fe, and thus the calderite (Mn3Fe2(SiO^)3) 

component was ignored. Using the method of Rickwood (1968), almandine 

was found to be the marpr component of most WAL garnets, comprising up 

to 90 mQl%, but spessartine can be up to 68 mol%, grossular up to 23 

mol% and pyrope up to 18 mol%. Figures 4.3 and 4.4 indicate almost 

constant ratios of Mn/Ca and Mg/Fe. A small schorlomite component, 

indicated by a minor Ti content, is locally present, but Cr and the 

uvarovite component was not detected in the few samples tested. A 

small amount of Zn, up to .14 wgt% ZnO is present in some garnets. 

Zoning is a common feature of these garnets and an example of the 

chemical variation is shown in Fig. 4.5. Mn is nearly always enriched 

in the garnet rims, while Mg shows a corresponding depletion. Mg-rich 

rims were found only once. Ca and Fe are more variable, but most 

commonly show depletion in garnet rims. This zoning, with high Mn 

rims, is typical of that termed reverse, retrograde growth, or 

diffusion zoning, and is commonly found in garnets of high metamorphic 

grades (Bethune et al. 1975 ; Tracy, 1982). It usually indicates 

homogenization of original garnet growth zoning (normal zoning, 

(Hollister, 1966)), followed by later diffusion of components between 

the garnet rim and ac^cent minerals (Grant & Wieblen, 1971; Tracy, 

1982). In the WAL this reverse zoning appears to be better developed 

in amphibole - bearing rocks, and was probably formed by Mn -

metasomatism and/or partial retrograde re-equilibration of garnets 

with amphiboles. 

The garnets vary from pinkish orange to purplish pink in hand 

specimen and pale pink to colourless in thin section. Some garnets 
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Fig. 4.5 Composition zoning in a garnet from the amphibole 
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exhibit colour zoning, but microprobe analysis failed to indicate 

consistent chemical correlation with this and so variations in 

oxidation states or trace elements may be involved. 

The cores of medium to large garnets are commonly highly 

poikiloblastic, with a less poikiloblastic overgrowth formed more 

slowly than the cores (Spry, 1969). These garnets usually show sHght 

reverse zoning, and this may indicate either: i) the overgrowth formed 

during retrogression or ii) the overgrowth formed during the second 

of the two high grade metamorphic events, with homogenization and 

later overprinting of reverse zoning during retrograde 

r e-eq uiUbra tlon. 

The presence of fine ilmenite inclusions within some garnet is 

indicative of replacement of Ti-rich biotite (Figure 4 . 32 ) . 

The garnets are usually euhedral to subhedral, but may be quite 

amoeboid in texture when highly poikiloblastic, and fracturing and 

micro faulting, due to retrograde shearing, is common (Figure 3.1). 

m contrast to most other ferromagnesian phases of the lode, garnet 

very rarely shows any alteration, but instances of breakdown to 

chlorite and minor replacement by amphiboles and sericite were noted. 

4.4 Biotites 

Plots of trioctahedral micas indicate that they nearly all fall 

within the field of biotite, as defined in Deer et al (1966), although 

some are phlogopite (Figure 4.6). Some, including the phlogopites, 

fall slightly outside the normal range, showing less than 2 Al / 

formula unit (22 oxygens), but most have a high siderophyllite 

(K2Fe«+Al6Siit02c (OH) I,) content. An average biotite analysis is shown 

in Table 4.1 . The manganese and zinc contents (indicative of a 



Pig. 4.6 The relation between Fe/Fe + Mg and A1 Catoms/22 oxygeri) in biotites, showing 
the biotite field as defined by Deer et al. C1966). Crosses represent biotites 
from the sillimanite gneiss, squares are from the gahnite zone, circles the garnet 
quartzite, asterisks the amphibole subzone, triangles the pyroxenoid subzone and 
the five-pointed stars are green biotite. 
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hendricksite (K2 (Zn,Mn) 6Al2Si«,02o (CH) ODirponent (Frondel & Ito, 1966)) 

are usually very low (up to 2.4% MnO and 0.33% ZnO). The Fe and A1 

contents show a positive cx>rrelation (Figs. 4.6 and 4.7), in cx)ntrast to 

whole-rock trends (Section 5.2.1). This could be due, in part, to 

instability of the annite conpDnent (Wones et al. 1977), but 

sulphurization of biotite, discussed further in Section 5.3.2, appears 

more inportant. Most biotite with Al <2.5 is Mg-rich and coexists with 

anphiboles, into which Fe may be preferentially partitioned. 

Ti02 is variable, ranging from 0 to 3.2% Ti02, and this is reflected 

strongly in the colour and pleochroism. Ti-rich biotites are deep 

red-brown and strongly pleochroic, while Ti-poor biotites are pale 

yellow-brown, or rarely green, with slight pleochroism (green biotite is 

distinguished from chlorite by its higher birefringence). The Ti content 

is closely related to Fe/^ + Fe (Figure 4.8), in contrast to the whole-

rock trends (Section 5.2.1), and is discussed further in Section 5.3.2. 

Halogens were not routinely determined by the microprobe analysis 

programme used but the result of a few selected separate analyses are 

shown in Table 4.2. Fluorine is usually quite high, up to 3.0% F, while 

CI is usually much lower, but the rare green biotites contain up to 

0.8% CI. 

The low alkali contents of most of these biotites may be due to either 

volatilization under the electron beam, or perhaps sone mixed layering of 

chlorite in biotite (Mohr & Newton, 1983). One such low alkali biotite 

contains 1.4 atoms of K per 22 oxygen and 1.3 wgt.% ZnO and still appears 

homogenous. Bachinski & Simpson (1984) found that this is not uncommon 

in even quite pure and homogenous Si-deficient biotite, due to 

substitution of divalent cations for K. 

Ilmenite and rutile are very common as exsolution products in, and as 

coronas about, biotite grains (Figure 3.2) and they result from 
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Fig. 4.7 Relation between Mg, (Fe & Mn) and A1 in trioctahedral 
micas, showing the compositional limits from Foster 
(1960), Biotites from the sillimanite gneiss are represented 
as crosses, from the gahnite-rich zone as squares, the 
garnet quartzite as circles, the amphibole subzone as 
asterisks and the pyroxenoid subzone as triangles. 
Green (retrograde) biotites are represented by diamonds. 
Molecular %. 
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Fig. 4.8 The relation between Fe/Fe + Mg and Ti02 in biotites. Biotite from sillimani^e gneiss is indicated 
by crosses, from the gahnite zone by squares, from the garnet quartzites by circles, from the 
amphibole subzone by asterisks, and from the pyroxenoid zone by triangles. 
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Table 4,2 : Fluorine and chlorine in various phases 

SAMPLE MINERAL % F % CI 

4502 / 52.9 

4502 / 47.1 

4502 / 65.1A 

4545 / 42.8 

2 / 9BA 

4502 / 65.1A 

4502 / 47.IC 

Biotite 1 

2 

3 

4 

5 

6 

Biotite 1 

(green) 2 

Biotite 1 

2 

Biotite 1 

2 

Actinolite 1 

2 
Actinolite 1 

2 
Dannemorite 1 

2 

Dannenorite 1 

(cx5arse) 2 

(fine) 1 

2 

Muscovite 1 

2 

0.790 

0.697 

0.833 

0.812 

1.469 

1.446 

0.233 

0.216 

0 * 

0.045 

2.951 

2.951 

0.638 

0.846 

0.122 

0 
0 

0.031 

0 
0 
0 
0 
0 
1.63 

0.182 

0.215 

0.168 

0.187 

0.626 

0.617 

0.764 

0.769 

0.068 

0.077 

0.354 

0.354 

0 

0.111 

0.063 

0.033 

0.059 

0.038 

0 
0.072 

0 

0.076 

0 

0 

* 0 = below limits of detection 



r e t r o g r a d e r e c r y s t a l l i z a t i o n of b i o t i t e ( the b i o t i t e l a t t i c e can 

accomodate more H at higher t e m p e r a t u r e : Serdyuchenko, 1948). The 

corona i s commonly incorporated within the new biotite grain (Figure 

3.2) or, not uncommonly, is some distance (<0.1mm.) from the p resen t 

b io t i t e g ra in . The coronas a re not considered to represent prograde 

breakdown, which probably did occur t o some extent (Phillips, 1980) as 

the o the r l ikely breakdown phases: magnet i te , amphiboles, pyroxenes 

and olivines (Le Maitre, 1979; Busch e t a l . , 1974; Brown, 1979) were 

not observed in the associa t ion. This f ine ilmenite may however be 

incorporated into g a r n e t , indicating some prograde b i o t i t e breakdown 

i.e. gametLzatLon of biotite (Figure 4.32). 

Retrograde chlorite commonly in t e r l eaves with, or par t ly envelops, 

many b i o t i t e s and the enveloping chlor i te may con ta in f ine galena 

inclusions (F igure 4 .9 ) , i n d i c a t i n g some s u l p h i d e r e m o b i l i z a t i o n 

during retrogression. 

4.5 SUlimanite 

An a n a l y s i s of s i l l i m a n i t e (Table 4 .1) , i n d i c a t e s a small but 

s ign i f i can t Fe con ten t (0.18% FeO). This could be presen t as Fe3+ 

s u b s t i t u t i n g f o r Al (Pl imer, 1977a ) . Sill imanite f r equen t ly shows 

partial replacement by senci te . As well as coarse prisms, some minor 

f i b r o l i t i c s i l l iman i t e is also p re sen t , indica t ive of Al mobility in 

la te stage fluids (Ahmad & WLlson,1981). 

4.6 Feldspars. 

Five f e ld spa r s from the WAL were analysed by electron microprobe 

(Table 4.1), and th ree were found to be o r t h o c l a s e (OrgsAbv t o 

C)r97Ab2Ani ) w h i l e t w o w e r e a n o r t h i t e ( An97Aba ) • 
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0.2 
mm 

Fig. 4.9 Chlorite (C) and galena (Gn) replacing 
biotite (B). (4502/25.4). PPL. 

Fig. 4.10 Fine galena (Gn) inclusions in 
orthoclase, with a core of coarser 
galena about garnet (G) and 
clinozoisite (Cz). (4502/46.7B). 
PPL. 

0.5 
mm 



The structural states of five alkali feldspars were determined by 

the high resolution X-ray diffraction method of Wright (1968), to 

range between orthoclase and intermediate microcline (Figure 4.11). 

The values of 20, and thus the position of feldspars on this diagram, 

are probably affected by substitution of Pb for K in the feldspar 

lattice. Optical examination revealed no evidence for the presence 

of the 'tartan twinning' characteristic of microclines and it is 

considered that most alkaH feldspar from Broken Hill should be called 

orthoclase. 

Plimer (1976a) found the green alkali feldspar from Broken Hill to 

be intermediate microcline, in contrast to (!̂ ech et al. (1971) who 

identified only orthoclase, Phillips (1978, 1980), who showed that the 

Broken HiH area was above the orthoclase isograd, and Fitzgerald and 

McLaren (1982) who, using transmission electron microscopy, found 

Broken Hill orthoclase to have only minor microcline inversion 

lamellae. Binns (1964), however, noted the occurrence of microcline in 

r e t r o g r e s s e d r o c k s a b o v e t h e o r t h o c l a s e i s o g r a d . 

The feldspars range in colour firom white to green to dark grey, or 

rarely pinkish. Lead is usually present, up to 1.2 % PbO ((^ech et al. 

1971; Plimer, 1976a), and was thought by 6ech et aL (1971) to cause 

the green amazonite - like colouration common in hand specimens of 

Broken Hill alkali feldspar. Partial sulphurization of the lead during 

crystallization from anatectic melts is thought by G . Moh (pers. 

comm.) to cause a common fine graphic intergrowth of galena in 

orthoclase (Plate 4.10), giving the orthoclase a grey colour. Myriads 

of minute galena inclusions are centred about coarse galena 

pyrrhotite +_ sphalerite +_epidote / clinozoisite +_ gahnite +_ sericite, 

indicating either complex sulphide - silicate reactions during late -
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Fig. 4.11 Plot of structural states of WAL potash feldspars (circles), showing some 

near-end members feldspars from Wright (1968) (crosses) for comparison. The 

arrows indicate solid solution towards albite. 



stage crystallization, or perhaps simply a nucleation effec±. Graphic 

intergrowths of orthoclase with quartz are also common, and gahnite, 

g a r n e t and b i o t i t e a r e l o c a l l y a b u n d a n t as i n c l u s i o n s . 

Replacement of orthoclase by sericite along grain boundaries and 

cleavage planes is very common, but replacement by myrmekite, noted 

with other. Broken Hill orthoclases (Phillips e t al. 1972), was not 

found in the WAL. Coarse muscovite - quartz - galena jh sphalerite 

aggregates locally replace orthoclase. 

The anorthite is colourless to white and is commonly seridtized. It 

is unusually Ca-rich, and may have originated from breakdown of calcite 

in c l a y , or perhaps from an original c a l c i c zeol i te such as 

laumontLte (see Section 6 . 2 . 2 ) . 

4.7 Spinels. 

The spinel is a green to greenish-black colour in hand specimen and 

a light to medium green colour in thin s e c t i o n . It is usually 

poikiloblastic, and is sometimes amoeboid in texture but may also be 

euhedral, especially when fine grained. It may contain inclusions of 

quartz, biotite, sulphides or rarely sillmanite and may have a biotite 

rim in apparent equilibrium. 

Most analyses of the spinels from the WAL plot well within the 

gahnite field (Zn>Fe), but some are zincian hercynite (Fig. 4.12 and 
0 

Table 4.1) . The zincian hercynite has a cell dimension of 8.119 A 

(refined from XRD powder data). The magnetite, galaxite (MnAlz Oit) and 

spinel (MgAl20^) components are low. Magnetite and jacobsite have been 

noted from Broken Hill by Segnit (1977) and Bottrill (pers. comm. 

(1981) in Birch et aL 1982), but have not been identified in the WAL. 

Microprobe analysis indicates that chemical zoning is common in 
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Fig. 4.12 The Composition of Zincian Spinels (Gahnites and Hercynite) 
Molecular %. 
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these spinels and, as with garnet, may have normal and reverse trends, 

the normal zoning indicated by zinc-poor rims and reverse zoning by 

zinc-rich rims (Spry, 1978)• Reverse zoning is more prominent where 

the spinel has been partly replaced by retrograde phases (e.g. 

staurolite), as zinc is preferentially retained in gahnite during 

retrogressive breakdown (Bottrill, 1983a). A similar process occurs 

in other regions during the breakdown of zincian staurolite, as few 

other cQramon rock-forming minerals can normally accomodate significant 

zinc (Kwak, 1974), so Mg and Pe are preferentially partitioned into 

other phases while Zn accumulates in staurolite. Some of the Fe in 

the gahnite rims has been sulphurized, perhaps also during retrograde 

re-equilibration, causing an outer zone rich in fine pyrrhotite 

(Figure 4.18). Similar partial sulphurization during retrogression 

affects leollingite (Section 4.12). 

The gahnite shows almost ubiquitous, but highly variable, 

alteration to muscovite, chlorite, staurolite, paragonite, biotite or 

berthierine ((Fe,Mg) 2-3 (Si,Al) 2O5 (CH) ̂ ). (Figures 4.13 - 4.17). 

Some of the most likely reactions are: 

+ + 
3ZnAl20^ + 6Si02 + 2K + 4H = 2KAl3Si30i 0 (Oi) 2 + 3Zn (4.1) 

gahnite quartz muscovite 

SB̂ AlzOtt + 6Si02 + 2k''" + 4h'̂  = 2KAl3Si30i 0 (OH) 2 + (4.1a) 

hercynite quartz muscovite 

3ZnAl20^ + 6Si02 + 2Na''" + 4H"̂  = 2NaAl3Si30j ̂  (OH) 2 + BZn̂ "*" (4.1b) 

gahnite quartz paragonite 
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Fig. 4.13 Alteration of gahnite (J) to sericite 
(Se) with a sphalerite (SI) rim. 
(4502/91.6). PPL. 

C B J SC 

Fig. 4.14 Alteration of biotite (B) and 
gahnite (J) to chlorite (C), with 
sphalerite (SI) and garnet (G). 
(2/13C). PPL. 

0.25 
mm 
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mm 

Fig. 4.15 Staurolite (St) alteration rim about 
gahnite ( J ) , with garnet (G), b i o t i t e 
(B) and quartz (Q). (4500/2502). PXPL. 

0.5 
mm 

Fig. 4.16 Oriented 
replacement of gahnite (J) by 
staurol i te (St ) . (4500/2502). PXPL. 
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r 1 
Fig. 4.17 Gahnite (J) partly replaced by a 

single crystal of staurolite (St). 
(4500/28.0). XPL. 

0.2 
ram 
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\ \ \ l\ 

0.2 
mm 

Fig. 4.18 Fine pyrrhotite (Po) inclusions in 
gahnite (J) adjacent to coarse 
pyrrhotite, with ilmenite (I) and 
chalcopyrite (Cp). (1/3). Reflected 
light, XPL. 



+ + 2 , 
3ZnAl20^ + 6Si02 + 2K + 4H + 3FeS = 2KAl3Si30i o (OH) 2 + 3ZnS + 3Fe 
gahnite quartz pyrrhotite muscovite sphalerite 

(4.1c) 

3FeAl20^ + 5.5Si02 + I3H2O -f SFê "̂  = FesAlgSis.5O20 (OH) 1 e + IOH"̂  (4.2) 

hercynite quartz chamosite/berthierine 

2FeAl20«, + K2Fe6Al2Si6O2 0(OH) + 7H2O = Fe8Al6Si5.502o (OH) 16 + 

hercynite annite chamosite/berthierine 

.5Si02 + 2K''" + 20H" 

quartz (4.2a) 

8.7(Fe,Zn)Al20£, + H2O = (fte,Zn) ̂ Ali7^aSigO^g (OH) 2 + 4.7FeO (4.3) 

hercynite staurolite 

8.7FeAl20z, + 3.2KFe2Al3Si20i 0 (OH) 2 + 14.1Si02 + I.4H2O = 

hercynite siderophyllite quartz 

1.4Fe^All7.3Si80^6(0H)2 + 3.2KFe3AlSi30i 0 (OH) 2 (4.3a) 

staurolite annite 

4FeAl204 + 4.7Al2Si05 + H2O + 3.4Si02 = Fe.,Ali7 ̂ gSiaO^s (C3i) 2 (4.3b) 

hercynite sillimanite quartz staurolite 

3FeAl20^ + 4Si02 + Fê "̂  + 2K'̂  + 40H" = 2KFe2Al3Si20i 0 (OH) 2 (4.4) 

hercynite quartz siderophyllite 

These reactions are seldom simple, as they represent only a part of 

the retrograde re-equilibration of the mineral assemblages, which 



have riot always behaved as closed systems. The compositions shown in 

reactions 4.1 - 4.4 generally represent end-member components, but the 

Al/Si/0 ratios approximate the compositions found in the WAL. The 

spinel is represented by hercynite in most of these reactions as that 

component was less stable than the gahnite component during the 

retrogression as described above. 

Gahnite a p p e a r s p a r t i c u l a r l y unstable in associat ion with 

pyrrhotite, which is partly replaced by sphalerite. Complete breakdown 

of gahnite has occurred in some areas, resulting in rounded aggregates 

of ser i c i te and chlorite (Figure 4 .19) , although small gahnite 

inclusions in unfractured crystals of nearby garnet or quartz may 

remain unaltered. Fine sphalerite is common in the fine sericite -

chlorite alteration rim around gahnite, especially when in contact 

with, or close to, pyrrhotite grains. Some staurolite replaces the 

gahnite topotactically (Figure 4.16). 

Sundblad (198 2) suggested that the breakdown of iron s i l i cates 

rather than sphalerite produces most iron - rich gahnite, and as the 

WAL gahnite is very iron - rich, grading to hercynite, this was a 

major factor in its formation. The wide Zn / Fe range suggests that 

reaction of sphalerite with aluminosilicates was an additional factor 

(Wall & England, 1979). 

4.8 Amphiboles. 

Quite a wide variety of amphibole compositions occur within the WAL 

- most witliin the cummingtonite series and some within the actinolite 

s e r i e s ( F i g s . 4 . 2 1 , 4 . 2 2 a n d 4 . 2 2 a ; T a b l e 4 . 1 ) . 

The cummingtonite series amphiboles are pale pinkish-brown in hand 

specimen, resembling bustamite and often described by mine geologists 



49a 

0.2 
mm 

Fig. 4.19 Aggregates of sericite (Se) biotite 
(B) and sphalerite (SI), pseudomorphous 
after gahnite. (4502/47.0). PPL. 

0.2 
mm 

Fig. 4.20 Fine exsolution of kanoite (Kn) in 
tirodite (T), with Mn-biotite (B) 
and pyroxmangite (P). (4526/90.6). 
XPL. 
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Fig. 4 .21 Composition of Amphiboles, showing the compositional 

fields for cummingtonite group as defined by Leake 

C1978). Stars represent cummingtonite group minerals, 

and triangles actinolite group minerals. Molecular %. 

Dotted lines join coexisting phases. 

AMPHIBOLES 
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Fig. 4.22 Compositions of Araphiboles, showing the compositional 
fields for the actinolite group as defined by Leake 
(1978). Triangles represent actinolite group minerals, 
stars represent cummingtonite group minerals Cthose in 
the actinolite field are tirodites), and circled stars 
are fine aggregates, perhaps mixtures. Dotted lines 
join coexisting phases. Molecular %. 

BMPHIBOLES 
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Fig. 4.22a. Composition of Amptiiboles Cshowing theoretical 
maximum limit o^ CCa + Mn) CRobirison et al., 1982) 
Triangles represent actinolite group minerals and 
stars represent cummingtonite group minerals. 
Molecular %. 

PIMPHIBOLES 

Ca + Mn 



as such, and they are colourless in thin section. Actinolite group 

minerals are pale green to greenish-black in hand specimen, and are 

colourless to deep green in thin section. Multiple twinning is almost 

ubiquitous in cummingtonite series minerals, but is uncommon in 

actinolites. Tirodite is pale olive green in handspecimen and is 

almost colourless in thin section. It sometimes shows a bluish 

'schillerization', due to diffraction of light by very fine exsolution 

lamellae. 

The actinolite series amphiboles range from actinolite to 

ferroactinoHte (Fe/(Fe + Mg) = 0.35 to 0.75) and are usually Mn - rich 

(up to 6.4 % MnO) and contain up to 3.3% AI2O3. Some analyses approach 

the actinolitic hornblende compositional field of Leake (1978) . 

Robinson et al. (198 2) indicate that in amphiboles, using their 

crystallographic notation, the site preferences for Ca are M4> Ml-2-3> 

A, for Mn are M4>Ml-2-3 and for Fe and Mg are Ml-2-3 > M4, and Ca is 

preferred to Mn in M4 sites. Thus Mn in WAL amphiboles must be partly 

distributed through Ml-2-3 as well as M4 sites, as (Ca + Mn)/(Ca 

+ Mn + Fe + Mg) may be > ^ 7 while Ca/(Ca + Mn + Fe + Mg) may be < 2/1 

(the theoretical maximum for Ca + Mn in amphiboles) (Figures 

4.21-4.23). These amphiboles may have some lattice distortion from 

a c c o m o d a t i n g t h e s e l a r g e i o n s in t h e s m a l l s i t e s . 

The cummingtonite series minerals are usually Mn-rich and fall 

principally within the dannemorite (Mn2Fes SisO22 (0H)2) and 

c u m m i n g t o n i t e ((M g ,Fe)7. Sie O22 (0 H)2) f ields , while tirodite 

(Mn2 Mg5Sia022 (0H)2) was a dominant component of amphiboles in one 

specimen only. Many members of this series were found to be slightly 

calcic (Fig 4.2 2) and this is possibly due to intergrowth with 

actinolite in some fine aggregates, but up to 2.5% CaO is present in 



coarse grained, homogenous dannemorite. Small amounts of Ca are 

typical of cummingtonite group minerals, and may be necessary for 

nucleation (Layton & Phillips, 1960; Cameron, 1975), but a maximum of 

only 2.2 % CaO has been previously recorded in cum mingtonite series 

minerals (Vernon, 1962; Robinson et al. 1982), making this above 

mentioned specimen the most calcic cummingtonite group described. As 

in actinoHtes Ca + Mn/(Ca + Mn + Fe + Mg)may be > 2/1, indicating the 

presence of minor Mn in Ml-2-3 sites. The tirodite contains fine 

exsolution lamellae of pyroxenoids and pyroxenes (Figure 4.20) which 

c o n t r i b u t e to t h e s p r e a d in t i r o d i t e a n a l y s e s . 

Some amphiboles were analysed for halogens (Table 4.2), and the 

cummingtonites are quite halogen poor (<.03 % F, <.08 %, CI ) while 

the actinoHtes have up to .85 % F and .06 % CL. High halogen contents 

are typical of high grade amphiboles (Petersen et al. 198 2). 

Zn is only minor, (up to 0.27 and 0.65 % ZnO in cummingtonites and 

actinoHtes respectively) in contrast to the manganoan amphiboles of 

'Franklin, New Jersey (Klein & Ito, 1968), containing up to 10.8 % ZnO. 

This is due to the much higher sulphide content of the Broken Hill 

lodes compared with the FrankHn Pb-Zn deposits (SquiUer and Sdar, 

1980), causing most Zn in Broken Hill to be present as sphalerite 

(sulphides are almost ubiquitous in amphibole rich areas of the WAL). 

Na, Ti and Al are usually very low, although some coarse actinolite 

has up to 3.3 % AI2O3. 

Overgrowths of amphiboles were noted in a number of cases (Figures 

3.16 - 3.18) although consistent chemical differences could not be 

detected. Some coarse grained actinolite is overgrown by actinolite 

richer in fine sulphide blebs (Figure 3.18). This could be due to 

either: 



I. Increased growth rate. 

I I . S u 1 p h u r i z a t i o n of p r e - e x i s t i n g g r a i n s . 

III. Sulphur influx into the fluid phase during retrograde 

growth. 

The lack of distinct chemical difference between the core and rims 

supports tl̂ ie first hypothesis, but it is also quite possible that the 

amphibole grains re-equilibrated during retrogade metamorphism, and 

zoning was not preserved. Two distinct generations of cummingtonite 

series amphiboles may be present - the second generation commonly 

being very fine grained. As for the actinolites, no consistent 

chemical variation was detected. 

Co-existing actinolite series and cummingtonite series minerals are 

rare, but one pair is plotted in Figure 4.22. The actinolite has a 

slightly greater Mg/Mg + Fe than the dannemorite, as Immega and Klein 

(1976) found to be general for most similar assemblages . 

The amphiboles frequently occur as replacements of the pyroxenoids, 

principally along cleavage planes and grain boundaries (Figures 

3.6-3.7) and some aggregates in quartz may represent completely 

replaced pyroxenoids (Figure 3.13). Some amphibcQ.es, however are found 

in shear zones (Figure 3.11) and other areas with no direct 

relationship to pyroxenoids. Some occurrences within pyrosmalite 

appear to have nucleated about sphene. 

Pleochroic haloes were found about allanite inclusions in some 

actinolites (Figure 3.18). 

4.9 Pyroxenes & Pyroxenoids. 

The principal pyroxenoids present in the WAL are rhodonite and 

pyroxmangite both (Mn,Ca,Fe)Si03, (Figures 4.24 - 4.27; Table 4.1). 
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Fig. 4.23 Pressure-temperature curve for the rhodonite/ 
pyroxmangite transformation, for pure MnSiO^, adapted 
from Maresch & Mottana (1976). 



52b 

Fig. 4.24 Composition of Pyroxenoids and Pyroxenes in Mg-poor 
samples, with approximate moderate to high temperature 
compositional fields adapted from Hodgson C1975) 
Peacor C1978), Brown et al. C1980) and Winter et al. C1981) 
Rhodonites are shown by A , pyroxmangites by X, and 
hedenbergites by q . Molecular %. 
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Fig. 4.25 Composition of pyroxenoids, pyroxenes and amphiboles 
in Mg-rich samples, with approximate compositional 
fields are adapted from Brown et al. (1980) and Leake 
(1978). Amphiboles are shown by asterisks, hedenbergite 
by squares, kanoites by triangles and pyroxmangites by 
crosses. Molecular %. 
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Fig. 4.26 Compositions of pyroxenoids, pyroxenes and amphiboles 
in Mg-rich samples, showing compositional fields 
adapted from Brown et al. (1980). Hedenbergites 
are shown as squares, tirodites as asterisks, kanoites 
as triangles and pyroxmangite as crosses. Molecular %. 
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Fig. 4.27 Compositions of Pyroxenes and Pyroxenoids. Rhodonites 
are represented by A , pyroxmangite by X.and kanoite by V 
Compositional fields adapted from Petersen et al. (1984) 
Molecular 
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TABLE 4,3; COyiPARISQN OF RHOXjNITE AND PYRQXMANGITE 

(Data from Roberts e t a l . 1974) 

PYROXMANGITE RHODONITE 

Caiposition 

Crystal system 

Space group 

Z 

3 Strongest 

Diffraction 

Lines (5̂ ) 

Optical consts, 

a 

3 

Y 
2V 

ODlour 

Hardness 

Specific 

Gravity 

Cleavage 

Twinning 

(Mn,Fe,Mg,Ca)Si03 

Triclinic 

PI 

14 

2.95(100) 

2.18(70) 

3.12(60) 

1.726 - 1.748 

1.728 - 1.750 

1.744 - 1.764 

35 - 46° (+) 

Pale pink to dk. brown 

5.5 - 6 

3.6 - 3.8 (msas.) 

3.91 (calc.) 

{ 110 } Perfect 

{ 110 } Perfect 

{ 010 } Good 

{ 001 } Good 

rare; lamellar & simple 

(Mn,Ca,Fe,Mg)Si03 

Triclinic 

PI 

10 
2.772(100) 

2.980(65) 

2.924(65) 

1.711 - 1.738 

1.716 - 1.741 

1.724 - 1.751 

6 3 - 7 6 ° (+) 

Pale pink to brown 

5.5 - 6.5 

3.6 - 3.8 (meas.) 

3.73 (calc.) 

{ 110 } Perfect 

{ 110 } Eferfect 

{ 001 } Good 

not noted 

- red 



X-ray Di f f ract ion analyses indicate that pyroxmangite may be 

slightly more abundant than rhodonite in the WAL (Appendix 5), 

although BurreU (1942) found pyroxmangite to be unimportant in the A 

lode compared with rhodonite. They are very diff icult to distinguish 

and very detailed optical studies or X-ray analyses are necessary to 

confirm their identifications (Table 4.3). Maresch and Mottana (1979) 

showed that pyroxmangite is the high pressure equivalent of, and may 

invert to, rhodonite (Figure 4.23), but this i s also composition-dependant. 

Coexisting rhodonite and pyroxmangite were found in the WAL as 

relatively coarse exsolution intergrowths ^ ^ are not uncommon 

(Burrell, 1942; Hodgson, 1975b; Maresch and Mottana, 1979; Aikawa, 

1979 and Brown et al. 1980). Their compositions indicate stable 

coexistence of the two phases in a divariant field. The immiscibility 

gap is very limited, but shifts with changing temperature and pressure 

(Maresch and Mottana, 1979), and thus exsolution may occur. Plotting 

of analyses of the WAL pyroxenoids indicates clustering into two 

principal groups, (Figs 4.24 - 4.27) and thus the immiscibility gap is 

fairly w ^ defined over a small compositional range in these samples. 

The rhodonite - pyroxmangite immiscibility gap is poorly defined at 

present (Mason, 1973; Aikawa, 1979; Brown et al. 1980; Winter et al. 

1981), and is pressure and temperature dependent (Maresch & Mottana, 

1979). Zn may be present up to 0.32 % ZnO in both pyroxmangite and 

rhodonite in the WAL. 

Manganoan hedenbergite (often termed manganhedenbergite) is a less 

common f^ase in the WAL than rhodonite and pyroxmangite but is locally 

abundant. The composition is quite variable (Figure 4.24 - 4.27), but 

the hedenbergite (CaFeSiaOe) component is always greater than the 

johannsenite (CaMnSi2 06), kanoite (MnMgSizOg) and diopside (CaMgSizOe) 



components. The Ca/(FG + Mg + Mn) is quite variable aJso, showing that 

a large amount of Mn, Fe and perhaps Mg. can substitute for Ca, and up 

to 0.3 % ZnO has been found in some hedenbergite. The large amount of 

Mn substitution for Ca is not typical of manganoan hedenbergite 

(Mason, 1973; Hodgson, 1975b), and indicates a kanoite component 

(MnMgSi 0 ). The spread of analyses (Figure 4.25) is partly due to the 

fine nature of some of the exsolution lamellae of hedenbergite in 

t i r o d i t e , m a k i n g a c c u r a t e a n a l y s i s d i f f i c u l t . 

The little work that has been done on the pressure - temperature 

dependence of Mn - pyroxenes and pyroxenoids indicates that with 

calibration they would probably make good geobarometers and/or 

geother m o m eters (Brown, 1 9 8 0 ; A b r e c h t & P e t e r s , 19 8 0 ) . 

A kanoite-like phase (MnMgSi 0_ , a recently described clinopyroxene: 
2 6 

Kobayashi, 1977) weis found coexisting with tirodite in one sample 

from 9 0 . 6 metres , DH4 5 2 6 . The a v e r a g e formula is about 

Mn_ ^Mg^, . Pe^ .Ca^ f or (Mn^ Fe ,Ca ) (Mg Fe )Si 0 , 
0.7 ^ 0 . 6 '^^0.6^^0.1 0.7 0.2 0.1 0.6 0.4 2 6 

similar to some of the kanoite described by Brown et al.(1980) but 

with a much higher iron content. In several kanoite analyses Fe>Mg, 

suggesting the presence of an as yet und escribed MnFeSi„0_ end member, 
c 6 

but deficienciess in Ca and Mn indicate that Fe substites for these 

elements in the large A site (due to its smaller size Mg is unlikely 

to substitute in this site) and thus no conclusive evidence can be 

presented here for the existence of a new mineral. Kanoite, occurs in 

the WAL as fine exsolution lamellae (<40 microns width) in tirodite 

(Plate 4 . 20 ) . A similar habit is seen in its other two reported 

occurrences: as fine intergrowths with manganoan diopside (Brov/n et 

al. 1980) and as fine intergrowths with manganoan cummingtonite 

(Kobayasni, 1977). Further study, including x-ray diffraction and 



transmission electron microscopy, is necessary to confirm the identity 

of this and other phases in this sample. 

The pyroxenoids and pyroxenes are commonly euhedral (short prismatic) 

when enclosed in quartz or feldspar, but more commonly form massive 

granoblastic aggregates. In handspecimen hedenbergite is dark green, 

while rhodonite and pyroxmangite are deep red to orange - brown, and 

both are almost colourless in thin section. The pyroxenoids commonly 

show alteration to amphiboles (Figures 3.6-3.7), or less commonly 

pyrosmalite or manganpyrosmalite. The amphiboles preferentially 

replace pyroxenoids along cleavages, fractures and grain boundaries, 

while pyrosmalite appears to replace pyroxenoids more complet^y, and 

this is probably related to the difficulty in incorporating large 

amounts of manganese into the amphibole structure (Robinson et aL 

1982). 

4.10 StauroHte. 

Staurolite occurs as euhedral to subhedral, prismatic crystals, light 

to medium brown in colour and is fine to medium grained. It may exist 

in equilibrium with muscovite, garnet, biotite and sillimanite, 

indicating complete retrograde recrystallization of these rocks, but 

locally shows signs of sericitization. It is commonly poikiloblastic, 

with inclusions of quartz (commonly fine and vermicular) and rarely 

fine ilmenite, which probably indicates that this staurolite has 

replaced biotite. Much staurolite has replaced gahnite, which occurs 

as relics within some euhedral staurolite crystals (Figure 4.17) or 

within fine staurolite aggregates (Figures 4.15 - 4.16). Some 

staurolite has replaced gahnite topotactically (Figure 4.16). 

Staurolites in the WAL have all been found to be zincian, with 



between 2.5 and 4.3%ZnO (Bottrill, 1983a). Up to 1.6% MgO, 0.15% MnO 

and 0.52% TiO 2 may also be present and the relation between Fe, Zn and 

Mg is shown in Figure 4.28. The Fe/Al/Si ratios are variable, and the 

formula is not simple, but can be represented on average as 

(Fe2.7 Zno.7 Mgo.G)^ AI17.3 Siy .9O t^ (0H)2) (Table 4.1) , c l oser to 

(Fe^ A I 1 7 . 3 (Si,Al)8 048H2 : G r i f f e n , 1 9 8 1 ) t h a n t h a t o f 

{Fe^All 8Si7.50^^ (Om., : Yardley, 1981b). StauroHte is one of the few 

common rock forming minerals to readily accommodate s igni f i cant Zn, as 

the element prefers Fe accomodating sites of tetrahedral coordination, 

as in spinels, or sites of octahedral coord inat ion with hydroxyl 

Hgands (Wedepohl, 1972). 

The breakdown reaction of gahnite to staurolite is complex (Reaction 

4.3) with preferential retention of Zn in gahnite, and a common 

association of fine grained biotite with the staurolite indicates that 

this may be another product of the reaction. Biotite may, however, 

surround gahnite without staurolite, and is commonly in equilibrium. 

The biotite may help balance the gahnite-staurolite reaction by FeSi = 

A12 equilibria (Reaction 4.3a). Sillimanite may also be involved in 

the r e a c t i o n as i t is a not uncommon associate of gahnite and 

staurolite (Reaction 4.3b). 

4.11 nmenite. 

Ilmenite is fine grained and usually opaque, but where it has 

e x s o l v e d f r o m b i o t i t e (Figure 3.2) i t is very f ine grained, 

t rans lucent and dark brown in transmitted light. This very fine 

grained i lmenite can be incorporated into garnet (Figure 4.32), 

indicating garnetization of biotite. 

Microprobe analyses on a number of the coarser ilmenite crystals 
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Fig. 4.28 Compositions of Staurolltes (Molecular %) 

S T R U R O L I T E S 



show t±iat they are aR manganese - bearing, with between 0.6 and 4.4% 

MnO (Figure 4.29 and Table 4.1), and small amounts of MgO (< 1.3%) are 

also present. ZnO was <.05% in all ilmenites analysed, so no 

significant solid solution towards the zinc analogue of ilmenite, 

found at Broken Hill by Brown et al. (1970) was detected. 

4.12 Sulphides. 

Sphalerite, galena, cubanite (CuFe2S3), pyrrhotite, chalcopyrite, 

gudmundite (FeSbS), pyrite, arsenopyrite and loellingite were are all 

noted in polished sections and confirmed by qualitative electron 

microprobe analyses. Many detailed studies have been published on 

Broken Hill sulphide chemistry and petrology, including those by 

Ramdohr, 1950 ; Stillwell, 1953; Ramdohr, 1972; Lawrence, 1973; Both, 

1973; Scott et al. 1977 and Spry, 1978. Most sulphides of the WAL seem 

little different to those described in these studies, thus only some 

of the most important f a c t o r s are m e n t i o n e d h e r e . 

Most sulphide minerals in the WAL are anhedral (except arsenopyrite 

and loellingite), tending towards coarse - grained polygonal 

aggregates with balanced surface tensions (Lawrence, 1973), and most 

inclusions have been forced towards grain boundaries. Many sulphides, 

especially galena and chalcopyrite, appear to have been squeezed into 

fractures and small shear zones. Sphalerite is rarely brecciated and 

cemented by chalcopyrite and galena. Most sulphides can be found as 

inclusions, often very fine, in some garnet and spinel. Arsenopyrite 

and loellingite, being more refractory than most sulphides, usually 

occur in well-formed euhedral crystals. 

Some exsolution textures are present, and those noted in the WAL 

include troilite in hexagonal pyrrhotite (Figure 4.30), cubanite in 
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Fig. 4.29 Composition of Ilmenites (Molecular %) 
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0.1 mm. 

Fig. 4.30 : Pyrrhotite (Po> grain, enclosed in dannemorite, showing 
typical flame-like exsolution lamellae of troilite (T). (2/lB) 

0.1 mm. 

.Ilm 

Fig. A.31; Late stage sulphide vein in garnet quartzite, showing galena 
(Gn) replacing pyrrhotite (Po), with sphalerite (SI) and 
iimenite (Ilm). 



pyrrhotite, chalcopyrite in cubanite and gudmundite in chalcopyrite. 

The only definite evidence of alteration or replacement reactions 

observed were small aggregates of prismatic pyrite on pyrrhotite, and 

loellingite being replaced by arsenopyrite (Figure 4 . 3 4 ) . The 

arsenopyrite has sUghtly lower Co and Ni than the loellingite, due to 

dilution by introduced Fe (e .g f rom F e O in s i l i c a t e s ) : 

FeAs2 + FeO + H2S = 2FeAsS + H20 (4.5) 

loellingite ar senopyr i be 

There is some evidence for replacement of pyrrhotLte by galena in 

some late-stage veins (Figure 4.31). 

Sulphides participate in retrograde replacement of some non-sulphide 

phases, noticeable in at least three intimate associations : 

I. Fine galena within chlorite replacing biotite (Figure 4.9). 

n . Fine galena within manganpyrosma.lite replacing pyroxenoids 

(Figure 3.9). 

III. Fine sphalerite with sericite and chlorite replacing gahnite 

(Figs. 4.13, 4.14 and 4.19). 

Many sulphides, especially sphalerite and pyrrhotite, are intimately 

associated with the amphiboles (Figures 3 .14-3 .15) , and it is 

difficult to determine whether this is an original association or 

whether it represents a later chemical replacement or mechanical 

e m p l a c e m e n t of more ductile sulphides into brittle silicates. 

Stilpnomelane also appears most abundantly within sulphide aggregates 

( F i g u r e 3 . 1 0 ) , and h a s a s imi lar g e n e t i c relationship . 

4.13 Retrograde Phyllosilicates. 

A number of retrograde phyllosilicates occur in the WAL, including 
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Fig. 4.32 Gametisation of biotite (B) , as 
evidenced ty the presence of fine 
ilmenite (I) in both biotite and 
gamet (G) , with coarse grained 
pyrrhotite (Po) . (4500/25.2). PPL. 

0.5 
mm 

0.1 
mm 

Fig. 4.33 Pyrite (Py) overgrowth on pyrrhotite 
(Po). (2/5B). Reflected light, PPL. 
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0.1 
mm 

Fig.4.34 Replacement of loellingite (L) by 
arsenopyrite (A), in pyrrhotite (Po) 
(2/5A). Reflected Light, XPL. 

0.2 
mm 

Fig. 4.35 Chlorite (C) - Calcite (Ca) vein in 
gamet quartzite. White spots indicate 
probe damage. (4502/48.7). PPL. 
Pine berthierine is interstitial 
to chlorite. 



chlorite, some green biotites, sericite/muscovite, paragonite, 

pyrosmalite-group minerals, greenalite (?), berthierine, 'sturtite', 

and stilpnomelane. Average compositions are given in Table 4.4. 

Chlorite is most commonly found replacing biotite, sometimes 

gahnite, and rarely garnet but some chlorite occurs in veinlets with 

manganoan calcite and berthierine (Figure 4.35). The chlorites vary 

from very fine to coarse grained, are green to greenish yeHow in thin 

section, and commonly show the anomalous 'Berlin Blue' interference 

colours, typical of most Fe-rich chlorites and other chlorites where 

2V - 0 ° (Saggerson and Turner, 1982). 

The chlorites are widely variable in composition, even on a 

microscopic scale. Using the nomenclature of Bayliss (197 5) for 

chlorites, most are chamosite, and a few are clLnochlore. Using the 

nomenclature of Hey (1954) or Foster (1962) most are ripidolite but 

some are daphnite or brunsvigite (Fig.4.36). Plots of coexisting 

chlorite and biotite (Fig.4.37) show variable non-equilibrium 

relationships, unlike the assemblages in equilibrium with iron 

sulphides described by Mohr & Newton (1983), where they are almost 

equal in Fe /Mg+Fe. The WAL chlorite usually has a higher Fe/Fe + Mg 

than the coexisting biotite, as a result of the release of Fe by 

simultaneous gahnite breakdown. The pennantite (Mng Si^Oi o (0H)8) 

component is low (<1.1% MnO), and shows a slight negative correlation 

with A1 (Figure 4.38), and the Zn chlorite component (Radke et aL 

1978) is even smaller (<0.4% ZnO). 

The sericite is usually found replacing gahnite, orthoclase, 

plagioclase or, rarely garnet and is generally very fin? grained and 

colourless. Sericite (fine - grained muscovite) in the WAL has a small 

but variable celadonite component, but some has Mg + Fe ~ 1, and Si = 
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Fig. 4.37 Relations between Coexisting chlorites Ctriangles) and biotites Ccrosses) 
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Fig. 4 . 33 Relations between Mn and A1 in chlorites 
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6.6 ( for 22 oxygens) and could be classified as either phengite 

(Crowley & Roy, 1964), or ferrimuscovite (if all Fe is present as 
3+ 

Fe ) , The paragonite component is low, and Ti02 is quite variable. 

Two paragonites analysed have variable but high muscovite contents, 

(about 12%) and moderate Fe and Mg contents (about 0.3 and .15 % 

respectively). The paragonite was found with chlorite and sphalerite 

in a replacement rim about gahnite.The sericite is commonly found 

replacing gahnite, orthoclase, plagioclase or, rarely, garnet, and is 

usually very fine and colourless. 

Pyrosmalite was found in a few samples as replacements of rhodonite 

and pyroxmangite. The Mn / Mn + Fe ratio is about .45. A fine grained 

phase, intergrown with galena, is commonly found as a selvage (Figure 

3.9) separating pyrosmalite from the pyroxenoids and Electron 

microprobe analysis indicated a composition like manganpyrosmalite, 

with Mn/Mn + Fe about 0.69. Friedelite, and other members of the 

pyrosmalite group, have much higher Mn/Mn + Fe ratios and extra X-ray 

diffraction lines (Donnay et al. 1980) which were not detected in any 

WAL samples. 

A comple te ly amorphous, b lack , hydrous, Fe-Mn-silicate is not 

uncommon as a lats-stage alteration product of pyroxenoids, in joints, 

fractures and calcite veins in massive, quartz-poor pyroxenoid-rich 

rocks. Very similar material is widespread in other similar parts of 

the Broken Hill lodes, and was described by Hodge-Smith (1930) as 

'sturtLte', although this has Mn>Fe while the material analysed from 

the WAL has Fe>Mn. Fleischer (1980) equated "sturtite' with neotocLte 

(MnSiOa.nHzO: Clark et al. 1978) although Portnov et al. (1978) found 

them to have a d i f f e r e n t s tructure . The material is probably 

hisingerite (FeSiOs.nHz 0: Whelan and Goldich, 1961; Lindqvist and 



Jansson, 1962). Hisingerite and neotocite were considered by Whelan 

and Goldich (1961) and Brigatti (1981) to be smectite group minerals, 

but Lindqvist and Jansson (1962) thought that hisingerite could be a 

trioctahedral mica, as Portnov e t aL (1978) suggested for 'sturtite' . 

The nature of these phases is in need of further study by Transmission 

E l e c t r o n M i c r o s c o p y , D i f f e r e n t i a l t h e r m a l a n a l y s i s and 

Thermogravimetric analysis. 

Very f ine - grained, brown, iron silicate phases are locally found 

as alteration products of gahnite or l a t e - s t a g e vein-f i l l ings. Some 

have chlorite - l ike compositions, but also coexist with chlorite, and 

may thus be the s e p t e c h l o r i t e p o l y m o r p h , i . e . b e r t h i e r i n e 

Ochamosite'). Some are low in Al̂  and may be intedayered chlorite -

greenaUte (Gde, 1980). Some are K-rich, and may be 'hydrobiotite' or 

consist of disordered interlayered chlorite + mica + stilpnomelane + 

greenalite, similar to some phases found by Gole (1980). One coarse 

grained 'biotite ' is very low in K (7.1% K2O) and contains 1.3% ZnO, 

and may be incipiently chloritized, although this was not obvious in 

thin section. 

Manganoan sti lpnomelane is an occasional alteration product of 

pyroxenoids in the WAL (Figure 3.10). It occurs up to 0.3 mm. in size, 

is usually intimately associated with sulphides, and is colourless to 

p a l e brown in thin s e c t i o n . The pale co lour i s a t y p i c a l f o r 
3-1-

stilpnomelanes and is probably due to the unusually low Fe and/or 

T i , or p e r h a p s l e s s d e f e c t s i n i t s c r y s t a l l a t t i c e . 

4.14 Other minerals. 

Fluor apatite is common in the WAL, as in the rest of the Broken 

Hill lode ( Harada et al. (1974); L a w r e n c e , 1968), and a n a l y s e s 



indicate up to 0.14% MnO. Pleochroic haloes about apatites in some 

biotites indicate local enrichment in U and/or Th. Plimer (1931) noted 

the presence of U in apatites from BIFs at Broken Hill and found a 

linear relationship between F and U. 

AUanite is a minor phase in many specimens, and qualitative 

microprobe scans indicate high Ce and Nd, with lesser Sm, La and other 

rare earth elements. It is medium to dark brown, non-metamict and 

moderately pleochroic in thin section. 

Clinozoisite/epidote type minerals were identified optically as 

inclusions within orthoclase. They are colourless to very pale yellow, 

have anomalous blue interference colours, and probably derive from 

retrograde breakdown of the anorthite component of the feldspar. 

Sphene was found in only a few thin sections of WAL rocks, and is 

rich in Al and Fe with minor Mn, Mg and Zn. Al - enrichment of sphenes 

has been taken to indicate high pressure formation (Smith, 1980) but 

Barron & Barnes (1981) have shown that Al - rich sphenes from the 

Broken Hill area were formed at only moderate pressure, and were 

probably stabilized by F. Controls for substitution are complex 

(Coombs et al., 1976) and the principal substitution is (Al,Fe)(OH,F) 

= TiO with only minor substitution of Mn, and perhaps Mg, for Ca. The 

average composition is Ca(Ti0.8,Fe0.1,Al0.1)Si(0H,F)5. Dannemorite may 

nucleate about sphene. 

Rutile is a common, very fine grained accessory, mainly occudng as 

exsolution in and about biotite. 

Monazite and zircon are infrequent, minor, fine grained accessories. 

Carbonates are uncommon but two were analyzed - one with chlorite as 

a vein filling (Ca 0.85 Mn 0.13 Fe 0.12C03) (Figure 4.35), and one 

with hedenbergite, actinolite and dannemorite as either a primary or 



e a r l y r e t r o g r a d e p h a s e (Cao,8 5r'^^o,i3Feo.t2C03). 

Rhodochrosite was verified by X-ray diffraction from a late-stage 

association with a 'sturtite'-Like phase. 



Chapter 5. Mineral and whole - rock chemical variability. 

5.1 Introduction. 

In this chapter the major chemical trends (whole-rock and mineral 

variation) across the WAL are discussed. Detailed studies of 

whole-rock variations in and around the Broken Hill lodes have been 

conducted by Walker (1964), PHmer (1975c & 1979), Stanton (1976a) and 

Elliott (1979) and Plimer (1977a) studied the mineral chemistcy in the 

wallrocks within about 500 metres of the orebodies. This study 

attempts to combine both approaches, but differs in scale - being 

restricted to a detailed investigation of part of one lode (the WAL) 

and the wallrocks within about 30 metres of this. It was thought that 

a more detailed study was necessary to properly define the present and 

o r i g i n a l n a t u r e a n d v a r i a t i o n w i t h i n t h e l o d e . 

5.2 Whole - rock chemistry. 

Nine samples of split core from NBHC drill hole DH4502, intersecting 

the WAL, were selected as representatively as possible, and analysed 

for the major and some minor elements. Twenty-one elements were 

determined: Si, Ti, Al, Fe, Mg, Mn, Ca, K, Na, Ba, Pb, Cu, Ni, Zn, S 

and P by XRF, Rb and Sr by AAS, and B, Ga and Li by Emission 

Spectroscopy. Analytical techniques are described in Appendix 1. In 

accordance with the assumptions discussed in Section 4.1, all Fe is 

assumed to be present as FeO. The results are shown in Table 5.1, down 

hole variations are illustrated in Appendix IV, summarized in Figure 

5.1, and are discussed below. 



NBHC Sample No. 293055 293056 293060 2293069 293071 293079 293095 293168 

Mineralogical Si llimanite Gahnite Garnet Pyroxenoid- Pyroxenoid Amphibole Garnet Sillimanite 

zone Gneiss zone Quartzite amph. zone subzone subzone Quartzite Gneiss 

Interval (m) 21.7-24.7 24.7-27 .1 33.6-36.8 53.6-56.5 58.0-58.8 72.2-73.5 98.1-100.7 124.3-125.6 

Si % 29.09 25.92 31.14 17,85 19.72 33.28 35.18 35.67 

A1 % 10.05 7.91 5.17 1.043 1.062 2.48 3.08 5.35 

Fe % 6.91 11.87 12.65 8.11 9.99 9.64 10.28 6.92 

Mg % 0.738 0.815 0.998 0.273 0.269 0.653 0.632 0.748 

Ca % 0.129 0.199 0.107 1.098 1.073 0.450 0.140 0.105 

Na % 0.131 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

K % 3.94 1.810 0.258 0.063 0.033 0.018 0.159 0.804 

Ti % 0.453 0.329 0.220 <0.01 <0.01 0.071 0.136 0.226 

P % <0.01 0.024 <0.01 0.301 0.180 0.019 <0.01 <0.01 

Mn % 0.441 0.646 0.811 3,89 6.43 4.29 0.756 0.498 

S % 0.166 2.85 0.892 13.06 11.42 2.32 2.38 0.138 

Pb % 0.219 3.36 1.884 11.91 7.81 0.667 0.124 0.081 

Zn % 0.299 1.263 0.348 16.71 13.84 1.207 0.934 0.067 

Cu % <0.01 0.101 0.025 0.081 0.073 0.083 0.028 <0.01 

Ba % 0.052 0.031 <0.01 <0.01 <0.01 <0.01 <0.01 0.021 

Rb ppm 300 190 45 130 75 7 16 70 

Sr ppm 22 15 6 12 7 <2 <2 4 

Li ppm 30 15 20 <1 <1 <1 8 15 

B ppm 3 <3 <3 <3 <3 <3 <3 <3 

Ga ppm 25 30 30 10 7 15 25 25 

Table 5.1: Whole-rock analyses of drillcore intervals through typical rocktypes of the WAL, from drillhole 4496, 
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100 0 50 100 0 50 
Fig. 5.1 Whole rock geochemical trends for drillhole 4496. 

Legend:CZ Sillimanite gneiss.]^ Gahnite-rich zone.I I Garnet quartzite 

Pyroxenoid subzone lAmphibole subzone 

The centre of the WAL is approximately the pyroBcenoid subzone 
on this and following figures. 



5.2.1 Chemical Variation. 

Considerable local depletion towards, or v;ithin, the WAL, is shown 

by Al, Ti, Mg and K (Figure 5.1). Al shows a particularly weU -

defined trend, varying from about 10% in the sUlimanite gneiss and 

gradually decreasing to about 1% near the centre of the WAL and is 

closely parallelled by Ti ( 0.45% to 0.005%). The K concentrations, in 

contrast, drop rapidly from about 4% in the sillimanite gneiss to 

below 0.5% within the garnet quartzite envelope but intermediate 

values occur in the gahnite - bearing zone. K appears to be lower 

below than above the centre of the WAL, which does not conform with 

the potassic hydrothermal foot wall alteration hypothesis of Plimer 

(1979) although the d i f f e r e n c e in scale of these studies makes 

meaningful assessment difficult. The Mg trend is less well defined, 

but has comparit ively low values (c.0.3% c f . c.0.8%) within the 

pyroxenoid subzone. The Mg/Mg+Fe trend is, however, better defined, 

and is more closely related to the Al and Ti trends. There is no 

obvious relation between Mg and Fe (Figure 5.2). The Si content is 

re la t ive low (c.19%) within the amphibole-pyroxenoid zone and is 

moderately constant elsewhere (c.30%), although the slight increase 

from east to west (hangingwaU to footwall) conforms to the footwaU 

si l ic i f ication hypothesis o f Plimer (19 7 9). This increase has a 

s i g n i f i c a n c e of about 90% in Spearman and Kendall correlations 

(Section 5.2.2). Other elements depleted within the WAL include Ba, Li 

and Ga. 

Many elements are strongly enriched within the WAL, including Ca, 

Mn, P, S and, of course, the chalcophile elements, especially Pb, Zn 

and Cu. Ca is most abundant within the pyroxenoid subzone and, except 

for some enrichment within the amphibole subzone, is comparatively low 



H -
OQ 

DH 4496 

1.25 

U) 2: 
.75 

.5 

.25 h 

* * 

ai CD CD OJ CO 

L n 

?0 
(D 
H " 

r t 
H -
0 
P 

C 
(D 
n -

fD 
(D 

P 

^ 

n) 
H « 

1 
I 

o o 
cu p 
cu 
M 

CO 
fD 
W 

n 
O 

3 
a 
I t 
H ' 
M 
M 

o 

0̂  
CT. 
CO 

Fe ^ 
V O 



elsewhere (c.1% cf. c.0.1%). Mn is also enriched within the pyroxenoid 

- amphibde zone (c.5% cf. c.0.6%), but exhibits a greater halo. P and 

S are enriched only in the pyroxenoid subzone (c.0.2% and c.12%), have 

moderate values in most otiier lode rocks (c.0.015% and c.2%), and are 

very low in the siUimanite gneiss (c.0.005% and c.0.15%). The base 

metal variations are discussed in more detail in section 5 .2 . 4 . 

Some elements show no distinct trends with respect to the centre of 

the WAL, and these include Fe (which is fairly constant - c.10%, Rb 

and Sr. Rb and Sr are both variable but show an overall decrease from 

east to west across the WAL (>95% significance: see Section 5.2.2). 

The Rb/Sr trend is on too small a scale (c.lOO m) to exhibit the Rb/Sr 

trends of ore deposits noted by Plimer and EDiott (1977), which were 

based on a scale of about a kilometre. 

The siUimanite gneisses which were analysed differ slightly in 

composition, with the lower gneiss having higher Si and lower K, A1 

and base metaJs than the upper gneiss. The two garnet quartzites are 

fairly equivalent in composition, although the upper one is higher in 

Pb and Al, and lower in S and Zn, than the lower garnet quartzite. 

5.2.2. Correlation coefficient analysis. 

Spearman and Kendall correlation coefficients were calculated using 

the SPSS statistical program at the University of NSW, and the results 

are summarised in Tables 5.2 and 5.3. 

iyjost of the elements analysed fall within one of two groups. Group A 

includes most of the normal major elements enriched in detrital 

sediments, namely Ti, Al, Mg and K, as weR as tlie minor elements 

Li, Ba and Ga. Group B elements are those more closely associated with 

the Broken Hill orebodies, specifically Ca, Mn, P, S, Pb, Zn, and Cu. 
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Table 5 . 2 Spearman Correlations 

egree of 90% 95% 99% 
onfidenoe: 

lament 

S i , Na ?r , Rb 

i- d Ca, S , P , Pb, Rb, ^ r 

I Mg, P Ca, S , "Zn, Ga K , T i , Ba, Li 

i Na, B 

I Al , B Ca, T i , Li Ga 

1 Mn, Pb, Ti , Cu, L i , B "si, A l , Mg P, S, Zn 

a d, K , Fe, Tfa, Rb, Sr Ba, Li B 

Na, B, Ga Li Al , tfa, Ba 

L Ca, P , Sy "Zn, B Mg, Ba, Rb, Ga Al , Tfa, Ba, Li 

Al , T i , Mn, P , Ga s"i, Li Ca, S, Pb, Zn, Cu 

I Ca, Na, P, Zn, B Al, Li K, Ti 

Ti Al , "Si, Zn, L i , Pb, Cu Ca, P, Zn 

> Ca i i , S P, Zn 

I "Si, T i , Mn Al , S , L i , Cu Ca, P , S 

I Ca S, Zn P 

L Na, Ti , L i , Rb, B Al , K , Ti 

» Na d, Ti , Ba Sr 

• Na d" Rb 

Ca Mg, Na, K, P , Un, ? , A l , Ti 

Ba, "Zn, Ga 

d, Fe, Mg, Ca, K , Ti , .Ba Na 

m 

K, P Al , T i , Li Mg 

= depth down drillhole 

irs above elements indicate negative correlations 
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Table 5.3 Kendall Correlations 

95% 99% 

Sr 
P, S" 

Rb 
^a, S", Zn 
Ca, Zn, Ga 

Sr 
P, Pb 
K, Ti, m , Li 

K 
K, Ga 
Ba 
Mg, ^a, Rb 
P", S", ̂ n 
Al, Ti, Mn 
P, S, Ga 
Al, Ti, Mn 
Cu 
fi 
Pb 

Na, Sr, B, Li 
K 
^i, Ba 
Ba 
Ba 
Ca, Mn 

Al, Ca, Ti, Li 
Si, Ai, Mg, Mn, Cu, Li 

Ga 
Mg, ^a, Ga 
Cu, Li 
Ca, Li 
Si, Pb, Cu 
Ca, S 
^i, Al, Cu, Li 
Ca, P, S, Zn 

Rb 
Ba 

Mg, ^a, P, Mn, Zn, Ga 

Al, K, Ti, Li 

P, S, Zn 

Al, Ti, Lfa, Li 
Al, K, Li 
^i, Ca, S, Pb, Zn 
Al, K, Ti 
Ca, P, Zn 
^i, P, Zn 
Ca, P, S, Pb 

Al, K, Ti 
Sr 
d, Rb 
Al, K, Ti 

Mg 

= depth down drillhole 

ars above elements indicate negative cxjrrelations 



There is a strong positive correlation (usually >99% significance) 

between elements within the same group, and a negative correlation 

between elements from different groups. 

Rb and Sr show a high correlation with each other, a moderate 

correlation with Ba and little correlation with any other elements. 

Fe lacks any significant positive or negative correlation with any 

other e lements , but correlations are negative for most group A 

elements and positive for most group B elements . This apparent 

independence is due to Fe being an important component in both the 

s u l p h i d e s a n d s i l i c a t e s o f t h e m e t a s e d i m e n t s . 

Si shows a negative correlation with many elements, but a positive 

correlation with none. This is due to other elements being swamped by 

the high abundance of quartz, and indicates that s i l i c a was a separate 

c o m p o n e n t in the o r i g i n a l s e d i m e n t s , p r o b a b l y as c h e r t . 

Rb and Sr show a significant decrease with depth down the hole, and 

Si increases with depth. 

Hawkins (1968b) and Stanton et al. (1978), have also noted the 

correlation of Ca, Mn, P and base metals in the Broken Hill lodes. The 

correlation of Fe with these, as noted by Hawkins (1968b), was not 

significant in this study. 

5.2.3. Paleosalinity. 

Degens et al, (1957a,b), found that the relation between Ga, Rb, and 

B provides a very useful geochemical method of discrimination between 

rocks thought to have been formed under conditions of differing 

salinity. This method has been succesfuUy applied to rocks of low 

metamorphic grade by Reynolds (1965a,b) and Davy (1980). A 

corresponding plot for WAL rocks indicates an extremely low salinity 



(Figure 5 . 3 ) , although the results could be complicated by 

post-depositional mobilisation of B. Harder (1974) noted than boron 

can be a very mobile element, although Reynolds (1965b) and Mehnert 

(1968) showed that while metamorphism may redistribute the boron 

somewhat, it is seldom lost from the rock (usually being removed from 

micas and stabilized in tourmaline, axinite and other borosilicates). 

The rarity of these borosilicates in the Broken Hill lodes (Birch 

et aL. 1982; Bottrill, 1983b), even in pegmatites and quartz veins, 

suggests that this process has not occurred in the Broken Hill lodes. 

Tourmaline - rich rocks found within the Willy am a Complex, and 

recently in the North Mine lodes, are considered by Plimer (1983) and 

Slack et al. (in press) to represent original primary tourmaline 

precipitates. Ahmad and Wilson (1981) have inferred the presence of 

B-bearing retrograde fluids, but Stanton (1976d) and D. Milton (pers. 

comm.) argue against any significant large scale element movement in 

the Broken Hill lodes. 

A comparison of some average analyses of marine and non-marine 

shales with siHimanite gneiss from Broken Hill is shown in Table 5 A . 

The high Ga, low S and Sr, relatively low Mn and very low Li in the 

sillimanite gneiss are indicative of low paleosalinity, according to 

the postulates of Keith & Degens (1959), and Wedepohl (1971). 

Plimer (pers. comm.) suggested that the ore-forming fluids may have 

been essentially magmatic, and underwent limited mixing in a 

restricted basin. These fluids would have masked the paleosalinity 

indicators, and the hydrothermal wallrock alteration, resulting from 

their percolation through the sediments, may simply provide (useful) 

information regarding the composition of the fluids. In particular 

these solutions, poor in Mg, and high in K and Si, resulted in the Mg 
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Fig. 5.3 Relation between B, Ga and Rb in WAL whole-rock samples, 

showing the palaeosalinity fields of Degens et al. (]957) 

G a X 10 



TABLE 5.4 : COMPARISON OF 

-70-

AVERAGE SILLIMANITE GNEISS, FRESHWATER 

SHALE & MARINE SHALE ANALYSES 

1 2 3 4 5 

Si02 % 66.60 60.38 54.53 57.29 69.26 

Ti02 0.77 0.96 0.92 0.94 0.57 

AI2O3 16.50 21.75 20.89 21.24 21.41 

F e a O a 0.54 1.22 * * * 

FeO 6.97 7.01 8.58 7.49 8.90 

MnO 0.30 0.26 0.80 0.12 0.61 

^ ^ 1.48 1.83 1.65 1.73 1.23 

CaO 1.14 0.63 0.54 0.31 0.16 

NazO 0.99 0.44 0.22 0.21 0.15 

K2O 3.48 4.45 3.71 3.53 3.34 

P 2 O 5 0.15 0.14 0.23 0.17 n.d 

S n.d n.d 0.92 0.15 0.152 

B ppm II H 115 44 1.5 

Ga II 22 8 17 25 

Li II n.d 159 92 23 

Rb II 172 n.d n.d 185 

F II n.d 817 642 n.d 

Sr II 55 250 205 13 

1: Sillimanite gneiss (94 analyses) Plimer (1979). 2: Sillimanite 

gneiss (63 analyses) Shaw (1973). 3: Marine shale (15 analyses) 

Keith & Degens (1959), 4: Non-marine shale (15 analyses) Keith & 

Degens (1959). 5: Sillimanite gneiss (2 analyses). This study. 

* = all iron as FeO n.d = not detected 



- depletion, sericitization and silicification, as suggested by Plimer 

(1979). 

Berner et al. (1979) noted that the presence of iron monosulphides 

other than pyrite in sediments is indicative of low salinity. Plimer (1981) 

noted the lack of evidence for any original pyrite within the Broken 

Hill lode , and postulated that an iron monosulphide (perhaps 

pyrrhotite), rather than pyrite, was the original iron sulphide in the 

Broken Hill lodes. This may then be taken as another indicator of low 

pcileosalinity for these rocks, but is discussed in greater detail in 

section 6.2. 

In conclusion, estimation of the paleosaHnity is complicated by a 

number of unknown factors, but there is considerable evidence to 

i n d i c a t e t h a t the salinity of the depositional basin and/or 

ore-forming fluids was very low. 

5.2.4. Base metal variations. 

NBHC mine assay data for base metals were plotted as bar - graph 

plots (Appendix 4b), as the wide variation in sample lengths made 

comparisons of trends otherwise difficult, and are summarised in 

Figures 5.4 - 5.6. 

The distribution of sulphides suggests the usual presence of three 

principle zones of enrichment: 

I. A stratigraphically upper zone, within the gahnite - rich zone 

and high in the upper garnet quartzite. 

II. A central zone, centred about the pyroxmangite subzone. 
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Fig. 5.4 Base metal variation in Drillhole 4496. 

Legend: 
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III. A small, stratigraphically lower zone, within the lower garnet 

quartzite. 

Pb is fairly well distributed throughout the WAL, but has peaks 

corresponding to the three sulphide-rich zones, and is richest within 

the central zone. The presence of several small galena-rich patches are 

also apparent. Zn is less widely distributed, and is relatively minor 

in the stratigraphically upper sulphide zone. Ag and Bi closely follow 

Pb in distribution, but minor fluctuations in the ratios Ag/Pb and 

Bi/Pb seem to occur (Figs. 5.5 - 5.6). High values of these ratios 

tend to be prevalent in low - Pb (and low Ag & Bi) areas, and may 

indicate either the presence of Bi - bearing minerals (other than 

galena) or, perhaps more likely, analytical errors as detection limits 

are approached and as such are not significant. Cu appears somewhat 

similar to Pb in distribution, but seems more widely dispersed. The 

distribution of Fe appears to be even more widespread, although sdll 

enriched in the principle sulphide zones. The generally high Fe 

values, even when pyrrhotLte seems poor, suggests that part of the Fe 

determined in assays is derived from silicates, not just the sulphides 

as assumed by mine geologists (D. Milton, pers. comm.). Arsenic is 

very patchily distributed, usually being highest in sulphide zones, 

b u t c a n h a v e h i g h v a l u e s e l s e w h e r e in the W A L . 

5.3. Variations in Mineral chemistry. 

Many of the mineral phases discussed in Chapter 3 show large 

variations in composition throughout the WAL and its wallrocks. This 

is most important for the phases that are principally prograde, e.g. 

garnet and biotite, but other minerals, including gahnite, chlorite, 

amphiboles and pyroxenes also show considerable chemical variations. 
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The pyroxenoids appear to have a relatively limited conpositional range 
in the WAL (Figures 4.24 - 4.26), despite showing considerable chemical 
variation in nature (Brown et al. 1980). The plots are shov/n in 
^pendix 4c and are sunmarized in Figures 5.9 - 5.10. 

5.3.1 Garnets 
As discussed in section 4.3, WAL garnets vary from magnesian almandine 

to a Ca-Fe-rich spessartine. There is a general trend from low to high 
(Ca + Mn) /Mg towards the centre of the orebody. The low values around 
65.2 m and 67.3 m in DH4502 occur in N^-rich, chlorite and/or biotite-
bearing saiiples; the trends can otherwise be related to the whole-rock 
Ca, Mn and Mg trends. 
The Mg/(Mg + Fe) ratio is erratic with no obvious relationship to the 

whole rock trend (Figure 5.1), probably due to Fe contribution from the 
Ore-forming fluids as well as the detrital Fe influx. Re-equilibration 
of Fe-sulphides and Fe-silicates may have further complicated these 
trends (Mallio & Gheith, 1972). Some amphibole-rich samples have 
particularly low Mg/(Mg + Fe) (<0.55), perhaps due to re-equilibration 
with amphiboles, or to Mn-netasomatism accornpanying anphibole formation. 
The garnet at 26.9 m in DH4502 is associated with staurolite, and 
perhaps re-equilibrated with it, during retrograde metamorphism. The 
variation between other sanples is usually smaller than their 
intergranular or intragranular variation. 

5.3.2 Biotite 
The biotites range in conposition from near the phlogopite end-

member to near the siderophyllite end-member (Figure 4.6 - 4.7). This 
Al variation in biotite is closely related to the whole rock Al 
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variation in DH4496 (compare Figs. 5.1 and 5.9), being highest outside 

the orebody and dropping steadily towards the centre of the orebody. 

The trend in DH4502, however, is not so simple, perhaps because most 

of the high - A1 (>17wt.% AI2O3) biotites are associated with gahnite. 

This may be a sampling bias, as gahnite is not very abundant in the 

r e g i o n w h e r e m a n y of t h e s a m p l e s w e r e t a k e n . 

The Mg/Mg + Fe variation in biotite varies considerably between the 

two driUhoLes. High Mg/Mg -1- Fe values (>0.48) were recorded from 

biotite associated with amphiboles, and low values were recorded from 

biotite associated with zincian hercynite. Green biotite replacing 

gahnite has very low ratios (<0.15) but the other biotites have a 

relatively constant ratio of about 0.35. 

Ti also shows a variable trend in the two holes. Dnllhole DH4496 

shows a strong trend of increasing Ti away from the centre of the WAL, 

but the most Ti - poor biotite (at 4 7.3m) is the green retrograde 

biotite. The two high Ti biotites (>2.5% Ti02) coexist with feldspars 

(anorthite and orthoclase), but it is uncertain whether this has a 

direct relationship. The other samples in DH4496 show little 

variation, with approximately 1 - 2 % TiOz- Most biotites in DH4502 

have between 1.1 and 1.3% TiO 2 while two samples have Ti - poor 

biotite (<0.8% TiO2) - one of these is associated with amphiboles, the 

other with staurolite. Both samples may have re-equilibrated at low 

temperature, where Ti - biotite is less stable, although some biotites 

in association with staurolite do have a moderately high Ti content. 

The sulphide-rich areas of the WAL are very low in Al and Ti, and 

thus any biotite present is likely to be poor in Al and Ti also. These 

biotites are relatively poor in Fe, as indicated by the close relation 

between Ti, Al and Fe / Fe + Mg in biotites (Figure 4.6 and 4.8), 



although Fe is relatively constant throughout the lode, or is even 

enriched slightly in the (Ti and Al-poor) centre of the lode (c.f. 

Section 5.2.1). George (1969), Tso et al. (1977), Nesbitt and Kelly 

(1980) and Nesbitt (1982) have described similar Fe depletion in 

biotite in sulphide-rich rocks as resulting from sulphide-silicate 

reactions, and this applies also in the WAL. The most likely reaction 

to have occurred is: 

Biotite + pyrite = Fe-depleted biotite + 2 pyrrhotite 

There is evidence for slight enrichment of Zn and Mn in biotite in 

the outer parts of the WAL, although Mn-rich biotites occur rarely in 

the pyroxenoid subzone, and both Zn and Mn may approach their 

detection limits. Sulphide-silicate reactions are likely to deplete 

any Zn in biotite in sulphur-rich areas, and most Mn v\;ould 

preferentially partition into garnet or pyroxenoids rather than 

biotite under normal metamorphic conditions (Frondel and Ito, 1966). 

5.3.3. Spinels. 

Gahnite is seldom widespread enough to exhibit statistically 

significant trends, although an increase in Zn / Fe may occur towards 

the centre of the WAL, and zincian hercynite occurs near the edge of 

the WAL. 



Chapter 6. Summary and Conclusions 

6.1 Summary of zoning in WAL 
It has been found that moderately well developed zoning exists 

between the country rocks and the lode rocks within the WAL, and is 
expressed in a number of ways. A whole-rock chemical trend is one of 
the most basic of these, and is clearly shown by an overall inverse 
relationship between Al, Ti, K and Mg / (Mg + Fe), all enriched in the 
detrital metasediments (sillimanite gneiss), and Mn, P, Ca, S, Pb, Zn 
and other base metals, all enriched towards the centre of the WAL, 

These chemical variations are reflected in changes in the 
mineralogical constitution throughout the WAL (Figure 6.1 and Table 6.1) 
Passing from the sillimanite gneiss towards the centre of the WAL, the 
following series of assemblages are encountered: 

Qtz - Bt - Sil ± Or ± Aim 
Qtz - Bt ± Gah ± Aim ± Po ± Gn 

-»- Qtz - Aim - Bt ± SI ± Po ± Gn 
Qtz - Sps ± Amph ± SI ± Po ± Gn 
Pxn ± Qtz ± Sps ± Gn ± SI ± Po 

This results in five distinct mappable zones: sillimanite gneiss, a 
gahnite-rich zone, a garnet quartzite zone, an aiiphibole-bearing zone 
and a pyroxenoid-bearing zone. In detail, the zoning is considerably 
more coirplex, with inter fingering of many of these zones, and abundance 
of minor rock types, including pegmatites, veins and remobilized 
sulphides, and small retrograde shear zones. 
" The distribution of sulphides is especially coirplex, but can 
generally be divided into three principal sections: i) The upper 
section (stratigraphic top of WAL) is relatively narrow, galena and 
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Fig. 6.1: Schematic summary of geochemical variation in the WAL, 



Table 6.1: Summary of mineral distribution in the WM, 

Quartz Sillimanite Garnet Biotite 

Principal 
Zinc 

Mineral 

Sillimanite Gneiss 

Gahuite-rich Zone 

Garnet Quartzite 

Amphibole-bearing 
Zone 

Pyroxeneid-bearing 
Zone 

Amphibole-bearing 
Zone 

Garnet Quartzite 

Sillimanite Gneiss 

Major 

Major 

Minor 

Major 

Absent 

Major 

Almandine 

Spessar-
tine 

Almandine 

Major 

Major 

Minor 

Major 

Absent 

Major 

Gahnite 

sphalerite 

Retrograde 

Minerals 

gahnite 

Amphiboles 

Total 
Sulphides 

various Mn-
silicates and 
amphiboles 

Amphiboles 

chlorite 

< 1% 

c.10% 

c.2% 

c.10% 

c.2% 

<1% 

Galena/ 
Sphalerite 

>1 



pyrrhotite - rich, and sphalerite poor, largely in the gahnite - rich 

section, ii) the central, most sulphide-rich section (generally around 

the pyroxenoid zone) and iii) the lower, narrow, less sulphide-rich 

section in the lower garnet - quartzite ^ are richer in sphalerite and 

poorer in galena. 

The distribution of retrograde minerals is asymmetric, with most 

chlorite appearing in the lower garnet - quartzite, most sericite in 

the upper part of the lode, and most cummingtonite around, but 

predominantly below, the pyroxenoid zone. Abundant sericite occurs 

around the pegmatite / siUimanite gneiss zone locally present in the 

upper garnet quartzite, while chlorite is related to a la te -s tage 

fracture zone in the lower garnet quartzite. Despite the widespread 

retrogression, well-defined RSZ cannot be distinguished within the 

WAL. 

The whole-rock chemical variation is also expressed in the chemical 

variations of certain minerals, especially garnet. Mn and Ca increase, 

and Fe and Mg decrease in garnet towards the centre of the WAL, but Mg 

/ Mg + Fe shows irregular trends and is complicated by partial 

retrograde re-equilibration of the Fe between amphiboles, sulphides 

and other minerals. 

Biotite generally shows some correlation of Al, Ti and Mg / Mg + Fe 

between biotite and whole-rock compositions, although these trends are 

less regular than in garnet. Biotite formation or re-equilibration 

during retrogression, and the instability of the annite component, 

distort these trends. 

Gahnite shows an irregular trend of increasing Zn / Fe towards the 

centre of the lode. 



6.2 Origin of prograde mineral phases 

Reactions 6.1 - 6.7 and 6.9 - 6.13 are derived principally from 

Helgeson et al. (1978) and Winkler (1974). Unless otherwise noted, 

the others are proposed by the author. 

6.2.1 Sillimanite 

Sillimanite may derive from metamorphism of a kaolinite group 

mineral or muscovite: 

kaolinite ->• pyrophyllite andalusite sillimanite (6.1) 

quartz + muscovite sillimanite + K-feldspar + H2O (6.2) 

muscovite + h"*" -»- sillimanite + quartz + K*'" + H2O (6.3) 

muscovite + chlorite sillimanite + biotite + H2O (6.4) 

Stanton et al. (1978) favoured direct derivation of sillimanite 

from a kaolinite type precursor. 

6.2.2 Feldspars 

K-feldspar may have originated as detrital, authigenetic or 

diagenetic feldspar, or by the dehydration of muscovite and/or biotite 

(reactions 6.2, and 6.5 - 6.7). 

muscovite + biotite + quartz garnet + K-feldspar + H2O (6.5) 

quartz + biotite garnet + K-feldspar + K2O (6.6) 

sillimanite + biotite + quartz garnet + K-feldspar + H2O (6.7) 



T h e Pb c o m p o n e n t of K - f e l d s p a r p r o b a b l y d e r i v e d f r o m 
d e s u l p h u r i z a t i o n of g a l e n a by some of t h e fol lowing r e a c t i o n s : 

muscovite + galena + quartz -> Pb-K feldspar + H2S (6.8) 

sillimanite + galena + quartz + H2O -> Pb feldspar + H2S (6.8a) 

K-feldspar + galena + biotite + H"̂  -> Pb-feMspar + K"̂  + pyrrhotLte 
( 6 . 8 b ) 

The a n o r t h i t e found in t h e s i l l imani te gneiss is unlikely to be 
pre-metamOrphic, due to i ts unusually high Ca c o n t e n t . I t may have 
f o r m e d f r o m o n e o f t h e f o l l o w i n g r e a c t i o n s : 

c a l c i t e + kao l in i t e -> anorthite + CO2 + H2O (6.9) 

laumontLte -> anorthite + quartz + H2O (6.10) 

h e u l a n d i t e -> l aumot i t e -> wa i r ak i t e -> anorthite + quartz + H2O 
(6.10a) 

6.2.3 Biotite. 
B i o t i t e f o r m s by metamorphism of d e t r i t a l or au th igen i t i c or 

diagenetic ferromagnesian minerals and some i m p o r t a n t r e a c t i o n s a re 
6.4 and 6.11: 

ch lor i t e + muscovite -> garnet + biotite + H2O (6.11) 



6.2.4 Garnet. 

Garnet may form from the reactions 6.5 - 6.7, 6.12 and 6.13: 

chlorite + quartz -> garnet + H2O (6.12) 

Fe-chlorite + quartz -> Mg-chlorite + garnet + H2O (6.13) 

Much of the garnet probably formed quite early in the metamorphism, 

due to the high Mn and Fe/Mg in these rocks (Leake, 1312). The Mn-rich 

garnets formed principally by reaction of MnCOa with clays: 

rhodochrosite + kaolinite + quartz -> spessartine + CO 2 + H2O (6.14) 

6.2.5 Spinels. 

Gahnite is commonly thought to derive from reactions between 

sphalerite and aluminosilicates (Juve, 1967; Wall & England, 19 79; 

Williams, 1983) but locally derives from prograde metamorphism of 

several silicates (Sundblad, 1982). These si l icates include biotite 

(Dietvorst, 1980), staurolite (Atkin, 1978; Stoddard, 1979; Spry, 

1982), and anthophyllite (Sundblad, 1982) - the first two of these 

being aluminosiHcates which can be found naturally with high ZnO 

contents (Frondel & Ito, 1966; Griff en & Ribbe, 1973; Frondel & Ito, 

1975; Griffen, 1981). AnthophyUites are unusual here in having low Al 

and Fe contents and no Zn has been recorded at aU (although not 

commonly recorded in most analyses of rock forming minerals) (Robinson 

et al. 1982), but the gahnite - anthophyllite association could well 

have derived from a more Fe - Al - Zn - rich amphibole (Klein & Ito, 

1968). Sundblad (1982) noted that gahnites were more iron - rich when 



forming from silicate breakdown than when replacing sphalerite, and 

thus it is suggested that the ferroan gahnite/zincian hercynite of the 

WAL was formed largely by prograde breakdown of zincian ferroalumino -

silicates. The large Zn / Fe range in gahnites from the WAL could 

indicate either a large Zn / Fe range in the precursor silicate, or 

z i n c c o n t r i b u t i o n f r o m s p h a l e r i t e b r e a k d o w n . 

The identity of the precursor to this Zn - Fe - A1 silicate is 

another problem. The low temperature stability limits of Zn - chlorite 

(Radke et al. 1978) or Zn - biotites (Frondel and Ito, 1975) are 

unknown , but Zn - staurolite seems restricted to quite high 

metamorphic grades ( Ashworth, 1975; Griffen, 1981). Chlorites may be 

authigenetic or diagenetic (Deer et al. 1966) and could conceivably 

have been original Zn - bearing phases (Frondel and Ito, 1975; Radke 

e t a l . 1 9 7 8 ) . Z i n c b e a r i n g c l a y s - s a u c o n i t e 

(Na Q 2320 AlfSi)^ O^Q (0H)2 .4 H 2O, a smectite) and fraipontite 

((Zn>Mg,Al) 2(Si,Al) 20^(0H)^, a septechlorite) are possible sedimentary 

components, but have not been found in marine sediments. R. Segnit 

(pers. comm.) noted that substantial absorptive zinc can be contained 

in opal - claystones (probable precursors to some of the siliceous 

rocks of the Broken Hill lodes) and Weber-Diefenbach (1977) observed 

the presence of substantial ZnO absorbed onto various amorphous 

hyroxides and silica in Red Sea metalliferous sediments (although it 

is very rapidly altered diagenetically to sphalerite there). Squiller 

and Sclar (1980) proposed that primary zinc - bearing carbonates were 

the progenitors of the zinc - rich minerals at Franklin, New Jersey 

(gahnite, franklinite, zincite, willemite, hendricksite, etc.) but the 

lack of most of these minerals at Broken Hill prevents direct 

comparisDii. Mossman & Heffernan (1978) found evidence for the presence 



of zinc carbonate (smithsonite or hydrozincite) in metalliferous Red 

Sea s e d i m e n t s , a n d B i s c h o f f ( 19 6 9) f o u n d w o o d r u f f i t e 

((Zn,Mn) Mn 0--.4H-0) in the same deposits. Non - sulphide zinc in 
2 5 12 2 

sediments may be present as either a carbonate, a clay mineral, a 

chlorite, absorbed ZnO, or a Zn-Mn oxide, and any combination of these 

may be a progenitor to gahnite. 

A smithsonite - Fe sulphide assemblage is usually considered 

unstable with respect to a sphalerite - siderite assemblage (G.Moh, 

oral comm.; Brown, 1982) and we can thus assume that ZnCO^ could only 

have been a minor constituent of the pyrrhotite and gahnite- rich 

rocks. Gahnite bearing rocks in the WAL are Mn-poor and of very low 

oxidation state, so an origin from Zn-Mn oxide is very unlikely. Most 

gahnite is closely associated with pyrrhotite and galena in the WAL, 

and this may indicate that either primary zincian clays can exist in 

equilibrium with Fe sulphides, or alternatively the assemblage 

re-equilibrated from an original sphalerite - ferroan silicate (e.g. 

chlorite) association, e.g.: . 

Fe-Al-rich chlorite + sphalerite -> gahnite + pyrrhotite + 

Fe-Al-poor chlorite (6.15) 

Williams (1983)L found evidence elsewhere for the reaction: 

gedrite + sphalerite + O2 -> gahnite+ quartz + S + H2O (6.16) 

An intermediate Zn-rich silicate, as discussed above, is probably 

involved in many cases. 

The hercynite component of the ^inels is probably formed from the 

metamorphism of Fe-rk:h silicates, in the reverse of reactions 4.1 -



4.4. 

It seems unlikely that zincian clays would be stable at higher 

sulphur fugacities than smithsonite, as both are found in similar 

occurrences, i.e oxidized zones of zinc deposits (Fransolet et al., 

1975; Ross, 1946). Zn carbonate in the Red Sea deposits was postulated 

to exist only in sediments where zinc is in greater amounts than 

necessary for stabilizing aR S as sphalerite (Bischoff, 1969; Mossman 

& Heffernan, 1978). One or more of the following desulphurization 

reactions probably occurred: 

KAlgSigO lo(OH) 2 + ZnS = ZnAl20^+ KAlSi^O^ + H ̂ S (6.17) 

muscovite sphalerite gahnite K-feldspar fluid 

AliSiOs + ZnS + H2O = ZnAl20 4 + SiO,2 + H2S (6.18) 

sillimanite sphalerite fluid gahnite quartz fluid 

6.2.6 Pyrrhotite and other sulphides. 

With good evidence existing for sphalerite desulphurization, the 

possibility of desulphurization of other sulphides must be considered. 

Ferry (1981) has shown that, in contrast to pyrite, pyrrhotite is very 

rare as a primary phase in sedimentary rocks and its abundance in 

metamorphic rocks (Schneider, 1978) is mainly due to desulphurization. 

The most important r e a c t i o n s s u g g e s t e d by F e r r y a r e : 

2FeS2 + CHi, • = 2FeS + C + 2H2S (6.19) 

pyrite fluid pyrrhotite graphite fluid 

2FeS2 + 2H2O + C = 2FeS + 2H2S + CO ^ (6.19a) 

pyrite fluid graphite pyrrhotite fluid 



Ferry showed that when all pyrite has been converted to pyrrhotite, 

principally by the above reactions, further desulphurization can 

occur by sulphide-silicate reactions such as: 

KAlSisOs + 3FeS + 4H2O = KFeaAlSigOi 0 (OH) 2 + 3H2S (6.20) 

K-feldspar pyrrhotite fluid biotite fluid 

This reaction results in iron-rich biotite, in contrast to the high 

Mg biotite in equilibrium with pyrite-pyrrhotite-biotite assemblages, 

which have low variance and a Mg/Mg + Fe about 0.95 (Ferry, 1981; 

Nesbitt, 1982; Robinson & Tracy, 1977). This may be partly responsible 

for the high Fe in many mineral phases of the WAL, 

Pliroer (1977a) found primary pyrite with no trace of pyrrhotite in 

quartz-albite rocks of lower granulite facies 30 km SW of Broken Hill, 

and inferred that desulphurization could not have taken place in the 

Willyama Complex. This may be an over-generalisation, however, as 

Rumble et al. (1982) noted that fluid flow is highly dependent upon 

individual rocktypes - BIF's,.for example, being relatively 

inpermeable, and Walther and Orville (1982) showed that volatile loss 

from well-foliated rocks would be relatively rapid due to their 

extremely small tensional strength. 

Most other sulphides represent original primary precipitates, which 

have undergone recrystallization and sore remobilization. Cubanite, 

however, is a high temperature phase formed from chalcopyrite and 

pyrrhotite: 



CuFeS2 FeS CuFezSa (6.21) 

chalcxjpyrite pyrrhotite cubanite 

6.2.7 Pyroxenoids and pyroxenes 

The pyroxenoids have range in composition of 

Mno.i^-o.e Feo.a-o.t Cao.i_o.2 Mgo-o.i Sii O3, and the pyroxenes of 

Mno.2-0.3 Feo.^-o.7 Cao.5-0.9 Mgo.1-0.6 Sia Og. The overlap in 

distribution of the pyroxenes and pyroxenoids, and the lack of local 

enrichment in Fe or Ca above that necessary for these phases, suggests 

that only one or two Mn-rich phases were originally present. The 

progenitors could be: i) a Mn-Fe-Ca oxide (Roy & Purkait, 1968), 

ii) a Mn-Fe-Ca carbonate (Peters, 1980; Winter et al., 1981), and 

iii) a Mn-Fe-Ca silicate (Stanton, 1983). 

Neotocite/hisingerite/'sturtite'-type minerals have suitable 

caipositions, except for lower Ca, for being precursors. Such phases, 

have however, only once been recorded as possible primary minerals in 

rocks of low metamorphic grade (Aleksiev & Bogdanov, 1974). 

In contrast to the silicates, primary Mn oxides are common constituents 

of sediments but a homogenous phase (or even a mixture of comnon oxides) 

of appropriate conposition is unknown. No indication of Fe-Mn 

separation, as in the natural oxides (Berger, 1968), can be detected 

in the WAL. Metamorphism can reduce Mn oxides to rhodonite and other 

silicates, but usually only partially (Siviprakash, 1980), and this is 

only minor with Fe (Klein, 1973). As no evidence exists for the presence 

of higher oxides of Mn or Fe in the WAL, they must have been insignificant 

primary phases. 

Mn-Fe-Ca carbonates, in contrast to the silicates, are common primary 

phases in sediments (Curtis, 1967; Klein, 1973; Postma, 1977; 



Berner, 1981a,b) and, in contrast to the oxides, occur with compositions 

quite compatable with the pyroxenoids and pyroxenes. Fe-Ca rhodochrosite 

and kutnahorite/ankerite type phases were considered as progenitors by 

Hodgson (1975b). Fe-rich carbonates are much more abundant in fresh 

water than marine sediments (Curtis, 1967; Postma, 1977? Berner et al. 

1979) but manganoan side rite occurs in the Red Sea sediments (Bischoff, 

1969) and siderite is postulated to have been a common primary phase in 

many Precambrian sedimentary Fe formations (Klein, 1973). Mn-Ca-Fe 

carbonates are rare in the WAL but some of that present could be relict 

primary carbonate. Carbonates of similar coir^sition are very common in 

the more Ca-rich Pb lodes, where tephroite-fayalite series minerals are 

also locally contnon. Roy (1968) found that tephroite was diagnostic of 

a rhodochrosite precursor and thus the fayalite corponent presumably 

derives from siderite. 

The breakdown temperature of MnCOa is less than that for CaCOa and 

thus the primary manganoan calcite now present in the V3AL and the other 

Broken Hill lodes approaches the maximum stability limits of such 

carbonates under the prevailing metamorphic conditions (Winter et al. 

1981). The Pb lodes are less siliceous overall, and more Ca-rich and 

Fe-poor, than the WAL and consequently Ca-rich, Fe-pcor rhodonite and 

bustamite { (Ca,Mn)Si03 }. The lack of tephroite/fayalite minerals or 

abundant carbonates in the WAL is due to the higher Si content, forming 

more pyroxenoids by the reaction: 

(Mn,Fe)2SiO^ + SiOz 2(Mn,Fe)Si03 (6.22) 

6.3 Origin of principal rocktypes 



6.3.1 SiHimanite gneiss (detrital fades). 

This rocktype is similar in most components to an average marine 

shale, except for the following: i) The FfeO/Fe 2O3 ratio is very high, 

compatible with the euxinic basin necessary for deposition and 

preservation of sulphides (Large, 1980), ii) the Mg and Sr contents 

are low, particularly around the orebody, and this was considered by 

PHmer, (1979) to be due to pre-metamorphic hydrothermal alteration, 

iii) the B, Li and S contents are all low, indicating either low 

salinity or the mobility of these elements during metamorphism 

(Harder, 1974; Schneider, 1978). 

The Mg depletion described by Plimer (197 9) is very unusual for 

waUrock alteration and some possible explanations are : i) an influx 

of non-marine waters through Mg-poor basement, depleting Mg from 

solution prior to exhalation as hydrothermal metalliferous solutions 

ii) low temperature (<200 degrees C) authigenetic or diagenetic 

alteration of Mg-rich clays, releasing Mg in solution (Bohlke et al. 

1980; Gelinas et al. 1982). Low temperature alteration of seafloor 

basalts may cause an increase in Fe/Mg (Gelinas et al. 1982) and a 

similar process is conceivable for pelitic sediments. Replacement of 

smectites by phillipsite or illite could also cause the potassic 

alteration at Broken Hill by plLmer (1979). 

Gahnite and sulphide bearing rocks and garnet quartzites occur 

sporadically and indicate spasmodic exhalation of hydrothermal fluids 

(see below). 

The pegmatites appear to have f o r n ^ by remobilization of K-feldspar 

formed by the anatexis of micas. 

6.3.2 Gahnite-rich zone. 



The common association in the WAL of gahnite with galsna and 

pyrrhotite but rarely witl̂  sphalerite provides good indirect evidence 

f o r the desulphuriz ation of sphalerite. Direct evidence for 

desulphurization is rarely obvious but the general occurrence of most 

gahnite in a macroscopic selvage separating most su]phide-rich and A1 

-rich rocktypes is very significant. On a finer scale, a gahnite 

selvage can sometimes be seen bordering small quartz veins (with minor 

pyrrhotite in biotite-garnet quartzites, and this indicates some 

relation between gahnite and fluid activity - a high fluid flow being 

necessary to drive desulphurization reactions (Ferry, 1981). The high 

fluid f low possible in the we l l - fo l ia ted sillimanite gneiss may 

similarly drive the gahnite forming desulphurization reactions in the 

gahnite-bearing rocks by removing H2S (Walther and Orville, 1982). 

6.3.3 Garnet quartzite. 

This rock type is quite similar to the manganese silicate-rich rocks 

described as 'gondites' by Fermor (1909) and 'coticules' (Renard, 

1878), although the latter name seems to be more particularly applied 

to mineralogically simple spessartine quartzites (Clifford, 1960). The 

garnet quartzites of the WAL are generally richer in sulphides and 

sometimes amphiboles than these, and the garnet is sometimes almandine 

not spessartine, but there is clearly a strong similarity between 

these rock types. 

The origin of coticles has not been proven conclusively, although 

they are usually considered to be metasedimentary. The postulated 

origins include: i) Clifford (1960) described them as originating from 

Mn-rich sandy beds, ii) Schiller & Taylor (1965) concluded that they 

were originally chemically precipitated chert and Mn with detrital 



clay, iii) Doyen (1971) found evidence for a rhodocrosite-rich parent 

rock to coticules, iv) Hodgson (1975b) thought that garnet quartzites 

at Broken Hill were formed by premetamorphic hydrothermal alteration 

(Mn metasomatism) of the pe l i t i c wal lrocks , v) Kramm (1976), 

postulated an origin from manganoan smectite, vi) Stanton et al. 

(1978) considered that a Mn-'chamosite-rich sediment was a probable 

precursor to the garnet quartzites at Broken Hill, vii) but Spry 

(1978) showed how similar rocks can be formed by contact metamorphism 

of Mn-oxide rich clayey dierts. 

Berger (1968), and Roy (1979) have noted the rarity of primary Mn 

silicates in unmetamorphosed sedimentary Mn deposits and normal 

sediments , where either carbonates (rhodochrosite) and/or higher 

oxides of Mn are present. Aleksiev and Bogdanov (1974),however, found 

apparently primary Mn hydrosilicates (neotodte to manganoan saponite 

in composition) in a hydrothermal Mn deposit. Although Roy and Purkait 

(196 8) found evidence for partial reduction and conversion of Mn 

oxides to silicates at moderate metamorphic grades, Sivaprakash (1980) 

indicated the common stabil i ty of higher oxides of Mn at high 

metamorphic grades. 

The presence of primary Mn oxides co-existing with sulphides is 

unlikely (although rare sulphides have been noted in ferro-manganese 

nodules (Muller, 1979)). Mn carbonates are assumed to be the most 

likely original Mn minerals as, in contrast to MnCOa, there is a lack 

of evidence for the widespread occurrence of Mn silicates or oxides in 

sulphide-rich sediments or their former presence in the Broken Hill 

lodes (Section 6.3.4). Mg, K and Al ^ow a negative correlation to Mn 

(Section 5.2.2), and presumably represent original clay minerals. The 

most Mn - rich, Mg - poor garnets contain considerable Ca and Fe, so 



the original carbonate is suggested to be ferroan calcic 

rhodochrosite. The Fe could, however, have a]so been deposited as a K 

- Mg - Al poor phase Hke greenalite, as in the silicate-rich facies 

of other low metamorphic grade Fe formations most Ca and Mn are 

preferentially partioned into carbonates rather than silicates (Klein, 

1973 and 1974; Floran and Papipke, 1977). The sulphides were probably 

deposited syngeneticaUy, although there has been some metamorphic 

remobilization. 

The presence of pyrrhotite may again indicate desulphurization, or 

alternatively it could be directly derived from iron monosulphides, 

indicative of low paleosalinity (Berner et al. 197 9). It seems 

surprising that all prograde Fe sulphide at Broken Hill is pyrrhotite, 

while all Fe sulphides in rocks of similar metamorphic grade at Big 

HiU, 30km SW of Broken Hill, is pyrite. The quartz - albite rock at 

Big Hill seems unlikely to be much less permeable than the garnet -

quartzite at Broken Hill, and PHmer & Finlow - Bates (1977) concluded 

that the pyrrhotite at Broken Hill was primary, originating from deep 

water hydrothermal exhalations, although the evidence for this is 

inconclusive. The original iron-sulphide phase remains unidentified 

b u t is c o n s i d e r e d to b e p r i n c i p a l l y p y r r h o t i t e . 

The progenitor to the garnet quartzite was a silica and manganese 

rich chemical sediment closely related to the ore rocks, and minor 

pyrrhotite and sphalerite are considered to have been original 

constituents. The rarity of manganese silicates in sedimentary rocks, 

and manganese oxides in sulphide-rich sediments, suggest that 

manganese carbonate was a major primary constituent. A variable 

detrital component and chemically precipitated chert wete the other 

major phases. 



6.3.4 Pyroxenoid - Amphibole zone. 

The pyroxenoid-amphibole zone is considered to have originated by 

m eta m or phis m of a mixed chemical p r e c i p i t a t e of si l ica ( cher t ) , 

sulphides, and Mn-Fe-Ca minerals. The Mn/Fe/Ca/Mg ratios of WAL 

pyroxenes and pyroxenoids, lack of higher oxides of Mn or Fe in the 

WAL, and the rarity of primary Mn silicates in sediments indicates 

that carbonates were the most probable precursors for most of the Mn, 

Ca and Fe in this zone. Some of the Fe was, however, probably 

deposited as siHcates. 

The zone is extremely variable in mineral distribution, and it seems 

probable that this was largely due to re mobilisation of sulphides and 

q u a r t z f r o m t h e m o r e m a s s i v e p y r o x e n o i d ' b o u d i n s * . 

The breakdown of the carbonates to pyroxenoids would have resulted 

in a high fCOg* effectively flushing other fluids (H 2 0,CH4 ,H2S,etc.) 

from the orebody. This would, in turn, have promoted the breakdown of 

hydrous s i l i c a t e s , sulphides and graphite in the vicinity of the 

orebody by buffering reactions. The metamorphogenic alteration zone 

noted about the Broken HiU lodes by Plimer (1975c & 1979) may partly 

result from this devolatilization. 

6.4 Retrogression. 

The retrogression in the WAL is widespread and extremely variable, 

but no clear relation to RSZ or other structures is apparent. The 

retrograde minerals present depend mainly on the composition and 

abundance of the prograde mineral phases. 

6.4.1 Amphiboles 



I'he amphiboles, as discussed in Section 4.8, are probably 

retrograde, replacing the pyroxenoids. The high Mg/Fe+Mg (and Fe/ 

Fe+Mn) in amphiboles compared with the pyroxenoids resulted from 

limited re- equilibration, witii preferential partitioning of Fe and Mg 

into amphiboles and Mn into pyroxenoids. The low variability in 

p y r o x e n o i d c o m p o s i t i o n s of the WAL, s u g g e s t s t h a t t h i s 

re-equilibration was minor, although pyroxenoids richer in Fe and Mg 

(i.e. near pyroxferroite or orthopyroxene) v;ould have been less stable 

during retrogression. The excess Mn from pyroxenoid breakdown coulri 

have been partitioned into garnet, which frequently shows high Mn/Mg + 

Fe rims, or could also have contributed to the secondary manganese 

minerals such as m anganpyrosm al i te , ' s turt i te ' and manganese 

carbonates , although these may all be formed during late stage 

retrogression. The presence of amphiboles in small shears, frequently 

intimately associated with sulphides, also suggests that there may 

have been some metasomatic movement, although this seldom appears to 

have involved distances of more than a few metres. The garnet 

quartzites are unlikely to be sufficiently permeable to such fluids, 

which would have travelled mainly along shears and fractures. 

6.4.2 Other retrograde silicates 

Pyrosmalite is an uncommon alteration product of the pyroxenoids 

and is commonly sep£u:ated from them by a manganpyrosmalite-galena 

selvage, indicating some retrograde metasomatic remobilisation of Mn 

and galena. 

Manganoan stilpnomelane is uncommon as inclusions within sulphides 

in relatively massive pyroxenoids, and may have a similar origin to 

the amphiboles and pyrosmalites. The A1 and K appear to have been 



introduced externally. 

Staurolite is a not uncommon retrograde phase in the outer parts of 

the V̂ AL, where it commonly appears to replace gahnite and can be quite 

zinc-rich. 

Chlorites are common outside of the pyroxenoid-amphibole zone and 

r^ult principally from alteration of biotite, but also from spinels 

and rarely garnet. There is some fine galena intergrown with some 

chlorite, again indicating metasomatic remobilization of sulphides. 

Some very fine grained phases Cpug*) of uncertain nature may be 

bethierine, greenalite and interlayered chlorite-illite and may partly 

recrystalUse to chlorite or sericite. 

Sericite can be formed from retrogression of gahnite, feldspars, 

silli manite or rarely staurolite. Paragonite was identified only as an 

alteration of gahnite, but closely resembles sericite and may be more 

common tlian realised. The K in sericite may derive from the breakdown 

of biotite to chlorite (e.g. the reverse of reaction 6.4) or from 

fluids associated with migmatisation (Corbett & Phillips, 1981). Na is 

more difficult to account for, as it is low to very low in all other 

analysed phases of the WAL. It is possible that the K and Na are 

introduced in groundwater moving down shear zones (Etheridge & Cooper, 

1981). 

All the retrograde reactions involve addition of water. This could 

have the same origin as the K and Na, but the exsolutLon of water from 

quartz during the waning metamorphism (Spear and Selverstone, 1983) 

may have had an important contribution. 

Some sulphurisation was associated with retrogression. The most 

important reactions are: 



pyrrhotite + loellLngite + H2S -> arsenopyrite (6.23) 

pyrrhotite + H2S -> pyrite (6.24) 

There is also some late stage sulphurisation of gahnite, producing 

a rim rich in fine pyrrhotite, presumably by the r e a c t i o n : 

Fe-rich gahnite + Al-poor biotite + H^S -> Zn-rich gahnite + 

pyrrhotite + Al-rich biotite + H^O (6.25) 

These sulphurizaton reactions appear to be due to re-equilibration 

of H2S in the fluid phase (resulting from desulphurization during 

prograde reactions: Wall & England, 1979) with the various minerals. 

This H2S also precipitates the sphalerite in the alteration rim about 

gahnite. 

The gudm undite-chalcopyrite assemblage is probably due to the 

breakdown of tetrahedrite (which is the most important phase with 

intrinsic Ag at Broken Hill, but was not identified in the WAL), and 

was previously noted from Broken Hill by Lawrence ( 1968 ) . 

6.5 Environment of Ore Deposition. 

The structure of the sedimentary basin was not dearly defined in 

this study, but was certainly very elongate. The narrowing or 

'necking' of the A lode between the WAL and the rest of the A lode 

could be taken to indicate a slight submarine rise separating the WAL 

from the major part of the basin, but tectonic thinning in the fold 

hinge could also be responsible. The western margin of the WAL has not 

been well defined but it seems to lens out quite rapidly, perhaps 

being controlled by penecontemporaneous faulting. The setting seems 



quite compatible with the linear fault-bounded basin first postulated 

by McKenzie (1965) and, except for the abundance of volcanics in the 

sequence, f i t s the description of third-order sedimentary basins 

proposed by Large (1980) for sediment-hosted, submarine exhalativs 

lead-zinc deposits. 

The estimate of the paleosalinity is inconclusive, and the basin 

could have been normal marine or non-marine in character. Metal 

enrichment from hydrothermal solutions in the freshwater Lake Kivu of 

East Africa was found by Degens & Ro^ (1976), so a non-marine origin 

cannot be repcted outright. 

The rate of detrital sedimentation seems to have been low, as 

little evidence for original rudites exists in the sillimanite gneiss, 

which is usually very pelitic. Graded bedding, found in nearby rocks 

by Glen & Laing (1975) and Willis et a l . (1983), could indicate 

t u r b i d i t e d e p o s i t i o n , p e r h a p s in d e e p w a t e r . 

It may be inferred from the Al content of the pyroxenoid zone that, 

at the peak of chemical sedimentation, detrital sediments comprised < 

10% of all sediments. Assuming that the rate of detrital sedimentation 

was constant then the ore body must have been deposited at >10 times 

the rate of detrital sedimentation. This high depositional rate could 

indicate either a very low rate of detrital sedimentation or possibly 

turbidite-type deposition of sulphides (B. Stevens, pers. comm.). 

C a l c - a l ka l i n e volcanism was cer ta in ly preva lent preceeding 

formation of the ore deposit, but had practically ceased by the time 

of ore deposit ion (Laing et al. 1978). The ore could have been 

deposited from fluids substantially comprising volcanic exhalat ions 

g e n e r a t e d during coo l ing o f sha l l ow igneous intrusions or, 

alternatively, heating by igneous intrusions could have generated 



hydrothermal convection systems in meteoric waters (Large, 1977) 

supplying the feeder system and leaching metals and other components 

from the volcano- sedimentary pile. Campbell et aL (1982) noted that 

stratabound ore deposits are commonly underlain by subvolcanic 

basaltic sills which may have instigated the convection systems - the 

basalts stratigraphically below the Broken Hill ore deposits may 

represent these siUs. 

6.6 Economic aspects of this thesis 

This thesis has made several important contributions to the 

economic aspects of the WAL: 

i) mappable chemical and mineralogical zones were identified in the 

WAL. 

ii) a galena-rich, sphalerite-poor selvage is charactersistic of the 

stratigraphic top of the WAL, with a significant proportion of the 

whole-rock Zn being present as gahnite. 

iii) a considerable amount of very fine grained sulphide is found, 

commonly intimately associated with retrograde siHcates, and would be 

very d i f f icu lt to recover e f f i c i e n t l y and e c o n o m i c a l l y . 

6.7 Summary of geological history 

The Broken Hill ore deposit was deposited syngeneticaUy in a 

euxinic, narrow tectonic basin, during the waning stages of early 

Proterozoic calc-alkaline volcanism. There were several exhalative 

pulses, producing mixed precipitates of chert, sulphides and Mn-Ca-Fe 

carbonates intercalated with shaley" detrital sediments. The exhalation 

producing the WAL increased and decraased gradually, resulting in 

compositional zoning. 



The sediments were subsequently buried, uplifted, and metamorphorsed 

to lower granulite facies, resulting in alnost conplete decarbonation 

of the WAL and niDSt of the other lodes. The high CO2 expelled 

probably instigated extensive dehydration, some desulphurization and 

perhaps the partial melting in the vicinity of the lodes. Some 

sulphide remobilisation also occurred at this stage. 

This metamorphism was followed by variable retrogression, resulting 

in a coiplex series of mineral assemblages, further sulphide 

remobilisation, and some veining and brecciation. 



7. Suggestions for further work 

The author considers that the results of this thesis are worth 
following up and expanding upon. The study was necessarily limited in 
sgope due to the large number, size and complexity of the Broken Hill 
lodes, but further examination of mineral variation in this and other 
lodes may confirm and enlarge upon the trends shown, and perhaps identify 
other less obvious trends. The whole-rock geochemical trends were 
indefinite due to the small number of analyses and further geochemical 
studies are similarly important to elaborate the known trends and identify 
others. 

The variation in canposition of sulphides could be important for 
metallurgical purposes by providing information on distribution of 
valuable and unfavourable elements - e.g. Ag, Bi in galena and Fe, Cd 
in sphalerite. 

The nature and extent of retrogression is poorly understood but the 
evidence for mobilization of S suggests that further study of this would 
be of use. 

The formation of gahnite is still a matter of some conjecture, and 
field and experimental studies should provide useful information on the 
thermodynamics of the sulphide - silicate - oxide system and the nature 
of the reactions and fluids. 
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APPENDIX I ; ANALYTICAL METHODS 

Electron Microprobe Analysis 

These analyses were conducted at the Research School of Earth 

Sciences, Australian National University, Canberra, and on the Jeol 733 

microprobes in the Electron Optical Centre, Adelaide University and 

Mineral Services, Mount Isa Mines Limited, Mount Isa. The Jeol 733 

microprobes utilise both wavelength and energy dispersive 

spectrometers, while the ANU microprobe uses the energy dispersive 

system of Reed & Ware (1975). Both systems gave detection limits of 

about 0.05 wt.% oxide. 

2• X-Ray Fluorescence 

These analyses were determined on whole-rock sanples for Si, Ti, 

Al, Fe, Mn, Mg, Ca, Na, K, Pb, Zn, S, P, Ba, Rb cind Sr by the Zinc 

Corporation Assay Office at Broken Hill, NSW. The samples were 

prepared in a Lithium Borate Glass, using the standard methods of 

Norrish & Chappel (1967). 

3. Emission Spectroscopy 

Ga, Li and B were determined at the Australian Mineral Development 

Laboratories, Frewville, South Australia, by standard emission 

spectroscopic methods. 

4. Atonic Absorption Spectroscopy 

Analyses for Pb, Ag, Zn, Cu, Fe, As and Bi were conducted by the 

Zinc Corporation Assay Office by Atcmic Absorption Spectroscopy. 

Samples were digested in HCl and HNO3. 
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5. X-Ray Diffraction Analysis 

Samples were handpicked, finely crushed and spread on glass slides 

prior to analysis in a Phillips Norelco X-Ray Diffractometer. Normally 

Ni-filtered Cu radiation was used, at 40 kV and 20 mA, and the scan 

speed varied between 1° and per minute, depending on the precision 

required. Where high precision was necessary, about 10-20% of A.R. 

Si or KBrOa were mixed with the sanples for calibration. KBrOa was 

used for the X-Ray Diffraction determination of structural states of 

the potash feldspars, and the relevant peaks (CuKai) were assumed to 

be 21.12°, 41.17° and 31.56°, for the nethod of Wright (1968). 



II - 1 

APPENDIX II ; MINERAL ANALYSES 

These analyses were conducted at the Electron Optical Centre, Adelaide 
University (AU), the Research School of Earth Sciences, Australian National 
University (ANU), and the Mineral Services laboratories. Mount Isa Mines 
Pty Ltd (MIM) • Further details of the microprobe techniques are provided 
in Appendix 1. 

Detection Limits 

The detection limits for most elements is about 0.05 wt%. The analyses 
are recorded here to four decimal places because that is how they are 
output fron the AU microprobe. The last two decimal places, at least, are 
insignificant. Similarly, the last decimal place in the calculated formula 
is insignificant. 

Sample Localities 

Large numbers such as 4502/16.6 represent drillhole samples, in this 
example a sample from 16.6 m in DDH4502. Most of these drillholes are 
shown in Figures 2.1 to 2.10. Small numbers such as 3/4 are samples 
collected from underground exposures of the WAL in the NBHC Mine, and have 
no real locality significance. The underlying codes, e.g. G1 RIM, represent 
specific points analysed on the polished section. 
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Qcmmns 

Garnets p. 3 - 1 0 

Biotites p. 1 1 - 1 4 , 37 

Sillimanite p. 14, 39 

Spinels p. 15-16, 36 

Airphiboles p. 17 - 22 

Rhodonite p. 2 2 - 2 3 

Pyroxmangite p. 2 3 - 2 5 

Hedenbergite p. 26 

Kanoite p. 27 

Staurolite p. 27 - 28 

Chlorites p. 2 8 - 2 9 

Pyrosmalite p. 2 9 - 3 0 

Manganpyrosmalite p. 30 

Sericite p. 30 

Paragonite p. 31 

Stilpnanelane p. 31 

Berthierine p, 31 

'Sturtite'-Hisingerite p. 31 

Greenalite p. 32 

Sphene p. 32, 40 

•Pug' p. 32 

Ilmenite p. 33, 38 

Calcite p. 33 

Feldspars p. 34, 35 

Fluorapatite p. 39 
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SELECTED ANALYSES FROM :JAJJ82 : 1 , 2 , 5 , 8 , 1 4 , 1 5 , 1 7 , 1 8 , 2 0 , 2 6 , 2 7 , 3 0 , 3 2 , 3 3 , 3 5 , 3 6 , 3 9 , 4 1 , 4 2 , 5 1 - 5 4 , 5 6 - 5 8 , 6 2 - 0 4 , 
- 8 9 , 9 3 - 9 5 , 9 8 - 1 0 2 , 1 0 4 , 1 0 7 - 1 0 9 , 1 1 3 - 1 1 4 , 1 2 7 - 1 2 8 , 1 3 4 - 1 3 5 , 1 4 4 , 1 5 3 - 1 5 4 , 1 5 8 , 1 6 0 - 1 6 1 , 1 6 5 - 1 6 7 , 1 7 1 - 1 7 7 , 1 8 1 - 1 8 5 , 1 9 2 - 1 9 6 

GARNETS (ANU) 

2 / l B . 2 / l B . 2 / l B . 2 / l B . 2 /4A. 2 /4A. 2 /4A. 2 /4A. 
C I . GIRIM. G2. G3. GICORE. GIRIM. G2C0RE. G2RIM. 

SI02 36.6600 36.5600 36.4200 36.5800 37.0600 36.9800 36.7700 36.7500 
TI02 .1300 .1800 .1900 .1300 0.0000 0.0000 0 .0000 0.0000 
AL203 20.7700 20.9900 20.8500 20.7800 21.0200 20.9700 20.7600 20.8200 
FEO 12.4000 12.0400 12.3800 12.2700 24.2400 23.7500 24.3700 24.3500 
hWO 25.4200 25.5400 25.2000 25.5500 14.7500 14.9100 14.9000 14.8100 
MGO 1.2700. 1.3200 1.3600 1.2600 2.1900 2.1200 2.1500 2.1000 
CAO 4.0500' 3.8700 4.0500 3.9400 1.5000 1.5000 1.4100 1.2500 
K20 0.0000 0.0000 0.0000 0.0000 0.0000 o'.oooo 0.0000 0.0000 
NA20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
CL 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

100.7000 100.5000 100.4500 100.5100 100.7600 100.2300 100.3600 100.0800 
0»F,CL 0.0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000 0 .0000 0.0000 

TOTAL 100.7000 ioo.5000 100.4500 100.5100 100.7600 100.2300 100.3600 100.0800 

SI 2.9648 2.9578 2.9517 2.9638 2.9861 2.9923 2.9820 2.9859 
TI .0079 .0110 .0116 .0079 0 .0000 0.0000 0.0000 0 .0000 
AL 1.9803 2.0020 1.9922 1.9849 1.9967 2.0004 1.9848 1.9942 
FE .8387 .8146 .8391 .8314 1.6335 1.6072 1.6529 1.6546 
W 1.7414 1.7502 1.7300 1.7535 1.0067 1.0219 1.0235 1.0192 
MG .1531 .1592 .1643 .1521 .2630 .2557 .2599 .2543 
CA .3510 .3355 .3517 .3421 .1295 .1301 .1225 .1088 
K 0.0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000 0.0000 0 .0000 
NA 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
CL 0.0000 0 .0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 

0,0H,CL,F 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 

No. atons 20.0371 20.0303 20.0406 20.0358 20.0155 20.0075 20.0256 20.0170 

2 /4A. 2 / 5 A - 1 . 2 / 5 A - I . 2 / 5A- I . 2 / 5 A - I . 2 /5 A - 1 . 2 /7A . 2 /7A. 
G3. G l . GIRIM. G2. G3 CORE. G3 RIM. Gl CORE. Gl RIM. 

SI02 37.1700 36.3700 36.3800 36.3700 36.0400 36.4700 36.7600 36.8100 
TI02 0 .0000 0 .0000 0.0000 0.0000 .1300 0 .0000 0 .0000 0 .0000 
AL203 20.9200 20.4600 20.5300 20.6000 20.4500 20.8100 21.3900 21.1600 
FEXD 24.0800 11.3000 10.9500 11.0500 12.0700 11.8800 31.8500 32.2800 
hWO 15.1300 28.8900 29.2800 29.1500 28.4400 28.9500 5.8800 5.9000 
M30 1.9700 .3200 0.0000 .3300 0 .0000 0 .0000 2.7800 2 .5200 
CAO 1.6800 3.1700 3.1200 2.9900 3.1700 2.6800 1.8300 1.9000 
K20 0 .0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0000 
KA20 0.0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0000 
CL 0.0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0000 

100.9500 100.5100 100.2600 100.4900 100.3000 100.7900 100.4900 100.5700 
OF,CL 0.0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0000 

TOTAL 100.9500 100.5100 100.2600 100.4900 100.3000 100.7900 100.4900 100.5700 

SI 2.9930 2.9747 2.9826 2.9731 2.9618 2 .9757 2 .9592 2 .9681 
TI 0 .0000 0 .0000 0.0000 0.0000 .0080 0 .0000 0 .0000 0 .0000 
AL 1.9860 1.9729 1.9843 1.9853 1.9813 2.0018 2.0300 2.0114 
FE 1.6216 .7730 .7508 .7554 .8296 .8107 2 .1443 2.1768 
KN 1.0320 2.0015 2.0334 2.0184 1.9797 2.0009 .4009 .4030 
M3 .2364 .0390 0.0000 .0402 0 .0000 0 .0000 .3335 .3028 
CA .1450 .2778 .2741 .2619 .2791 .2343 .1578 .1642 
K 0 .0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0000 
MA 0.0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0000 
CL 0 .0000 0 .0000 0.0000 0.0000 0 .0000 - 0 .0000 0 .0000 0 .0000 

0,0H,CL,F 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 

No. atoms 20.0140 20.0388 20.0253 20.0343 20.0396 20.0234 20.0258 20.0262 



I I - 4 

2 / 7 A. 2 /7 A. 2 /7 A. 4 4 9 6 / 5 3 . 6 . 4 4 9 6 / 5 3 . 6 . 4 4 9 6 / 5 3 . 6 . 4 4 9 6 / 5 3 . 6 . 4 4 9 6 / 5 3 . 6 
G2. G3 CORE- G3 RIM. GI CORE. Gl RIM. Gl INT. Gl INT2. Gl RIM 2 

SI02 36 .8000 36 .5000 36.7100 37.1100 37.0300 36.9300 37.0700 36.6300 
TI02 0 .0000 0 .0000 0 .0000 0.0000 0 .0000 0 .0000 0 .0000 .1400 
AL203 21 .1300 21 .3000 21.2300 21.0100 20.4900 21.2300 20.9100 20.9G00 
FDO 32 .2800 32 .0500 32.3300 23.5600 22 .3400 23.6900 23 .2800 23.3100 
WO 6 .0800 6 .1500 5.8200 14.6400 17.5700 14.4100 15.3800 15.7800 
MO) 2 .6700 2 .6500 2 .5500 2.6700 1 .7000 2 .7600 2 .3400 2 .3300 
CAO 1.9400 1 .8500 1.8700 1.5100 1 .3700 1.4700 1 .5200 1.5900 
K20 0 .0000 0 .0000 0 .0000 0 .0000 0 .0000 0 .0000 0 .0000 0 .0000 
NA20 0 .0000 0 ,0000 0 .0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0000 
CL 0 .0000 0 . 0 0 0 0 0 .0000 0 .0000 0 .0000 0 .0000 0 .0000 0 .0000 

100 .9000 100.5000 100.5100 100.5000 100.5000 100.4900 100.5000 100.7400 
O F , ( X 0 .0000 0 . 0 0 0 0 0 .0000 0 .0000 0 .0000 6 .0000 0 . 0 0 0 0 0 .0000 

TOTAL 100.9000 100 .5000 100.5100 100.5000 100.5000 100.4900 100.5000 100.7400 

SI 2 .9604 2 .9473 2 .9618 2.9872 3 .0052 2 .9720 2 .9909 2 .9585 
TI 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0.0000 0 .0000 0 .0000 0 .0000 .0085 
AL 2 .0039 2 .0277 2 .0193 1.9938 1.9604 2 .0142 1 .9889 1 .9958 
FE 2 .1717 2 .1644 2 .1815 1 .5861 1 .5163 1 .5945 1 .5709 1 .5746 
W .4143 .4206 .3977 .9982 1 .2078 .9823 1 . 0 5 1 1 1 .0796 
MG . 3 2 0 1 .3189 .3066 .3203 .2056 .3310 .2814 .2805 
CA .1672 .1601 .1617 .1302 .1191 .1268 .1314 .1376 
K 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 .0000 0 .0000 0 .0000 0 . 0 0 0 0 0 .0000 
NA 0 .0000 0 .0000 0 .0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0000 
CL 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0.0000 0 .0000 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 

0 ,0H,CL,F 12 .0000 12 .0000 12.0000 12.0000 12.0000 12.0000 12 .0000 12.0000 

No. atoms 20 .0377 20 .0389 20 .0285 20.0159 20 .0146 20 .0208 20 .0145 20 .0350 

4 4 9 6 / 5 3 . 6 . 4 4 9 6 / 5 3 . 6 . 4 4 9 6 / 5 3 . 6 . 4 4 9 6 / 5 3 . 6 . 4 4 9 6 / 6 0 . 1 . 4 4 9 6 / 6 0 . 1 . 4 4 9 6 / 6 0 . 1 . 4 4 9 6 / 6 0 . 1 . 
G2 CORE. C2 RIM. G3 RIM. G3 CORE. G2. Gl CORE. G3. Gl RIM. 

SI02 36 .1700 35 .5100 36.3500 36.8500 36 .7500 36 .6800 36 .8700 36 .1300 
TI02 0 . 0 0 0 0 0 . 0 0 0 0 .1600 0 .0000 .2400 .1400 0 . 0 0 0 0 .1900 
AL203 21 .1100 24 .1400 21.0500 21.2000 20 .9900 20 .7100 20 .9200 20 .6200 
FED 22 .8300 22 .7000 17.7400 23.5200 17 .6600 17 .1600 17 .5300 16 .7500 
MJO 16 .9100 14 .4000 21.0000 15.2100 20 .5300 21 .8300 21 .2400 22 .5600 
MOO 2 . 0 1 0 0 2 . 3 2 0 0 .9200 2 .6500 1 .6000 1 .3100 1 .5800 1 .2200 CAO 1 .4600 1 .4400 3 .2700 1.5100 2 .2300 2 .1700 1 .8600 2 .1400 K20 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 NA20 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 .0000 0 .0000 0 .0000 0 .0000 .3300 CL 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 .0600 

100 .4900 100 .5100 100.4900 100.9400 100.0000 100 .0000 100 .0000 99 .7473 0«F,CL 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 .0000 . 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 .0253 

TOTAL 100 .4900 100^5100 100.4900 100.9400 100.0000 100 .0000 100 .0000 99 .7473 

SI 2 . 9397 2 .8429 2 .9540 2.9616 2 . 9 8 1 5 2 .9879 2 . 9 9 4 8 2 .9592 TI 0 . 0 0 0 0 0 . 0 0 0 0 .0098 0 .0000 .0146 .0086 0 . 0 0 0 0 .0117 AL 2 .0227 2 .2784 2 .0167 2.0087 2 .0076 1 .9889 2 . 0 0 3 3 1 .9910 FE 1 . 5 5 1 8 1 .5199 1 .2057 1.5809 1 .1982 1 .1690 1 .1908 1 .1473 1 .1642 .9765 1 .4456 1.0354 1 .4108 1 . 5 0 6 3 1 .4614 1 .5651 MG . 2 4 3 5 .2768 .1114 .3174 .1935 .1590 . 1 9 1 3 .1489 CA .1271 .1235 .2847 .1300 .1939 .1894 .1619 .1878 K 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 .0000 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 KA 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 .0000 o.oooa 0 . 0 0 0 0 0 . 0 0 0 0 .0533 CL 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 .0000 

0 ,0H,CL,F 12 .0000 12 .0000 12.0000 12.0000 12.0000 12 .0000 12 .0000 12.0000 

No. a t a n s 20 .0489 20 .0179 20.0279 20 .0341 20 .0001 2 0 . 0 0 9 1 20 .0036 20 .0643 
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4 4 9 6 / 6 7 . 3 . 4 4 9 6 / 6 7 . 3 . 4 4 9 6 / 6 7 . 3 . 4 4 9 6 / 6 7 . 3 . 4 4 9 6 / 6 7 . 3 . , 4 4 9 6 / 6 7 . 3 . 4 4 9 6 / 6 7 . 3 . 4 4 9 6 / 6 7 . 3 
G ? . G1 CORE. G1 RIM. G2 CORE. G2 RIM. ,G3PINKC0RE. G 3 p a l e r I M , G 4 p a l e c o r e 

SI02 3 4 . 3 9 0 0 36 .5500 36.54 (Jo 36.4300 3 6 . 3 2 0 0 36 .4300 36 .3500 36 .3600 
TI02 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 . 0 0 0 0 .1200 0 . 0 0 0 0 .1100 
AL203 2 0 . 0 3 0 0 2 0 . 8 6 0 0 20 .9300 20 .9800 2 0 . 7 6 0 0 20 .7100 21 .0600 20 .8100 
FBO 2 7 . 8 4 0 0 2 9 . 1 1 0 0 28 .7700 29 .1000 2 9 . 0 6 0 0 2 9 . 3 9 0 0 2 9 . 4 8 0 0 2 9 . 1 5 0 0 
hMO 1 1 . 0 3 0 0 10 .4000 11.1600 10.6900 11 .4500 10 .5100 10 .8500 10 .5200 
MGO 1 . 9 2 0 0 2 . 6 9 0 0 2 .1400 2 .4200 2 . 0 0 0 0 2 . 4 7 0 0 1 . 9 4 0 0 2 . 7 1 0 0 
CAO . 8 4 0 0 .8800 .9100 .8800 .9100 .8600 .8200 .8400 
K20 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 
NA20 . 2000 0 . 0 0 0 0 0 .0000 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 
CL 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

9 6 . 2 5 0 0 100 .4900 100.4500 100.5000 100 .5000 100 .4900 100 .5000 100 .5000 
0 - F , C L 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

TOTAL 9 6 . 2 5 0 0 1 0 0 . 4 9 0 0 100 .4500 100 .5000 1 0 0 . 5 0 0 0 100 .4900 100 .5000 100 .5000 

SI 2 . 9 3 1 3 2 . 9 6 1 6 2 .9673 2 .9557 2 . 9 5 8 7 2 . 9 5 8 8 2 . 9 5 6 1 2 . 9 4 9 3 
TI 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 . 0 0 0 0 .0073 0 . 0 0 0 0 .0067 
AL 2 . 0 1 2 8 1 . 9 9 2 7 2 .0038 2 .0068 1 . 9 9 3 7 1 . 9 8 3 0 2 . 0 1 9 1 1 .9904 
FE 1 . 9 8 4 6 1 . 9 7 2 7 1 .9539 1 .9746 1 . 9 7 9 8 1 . 9 9 6 3 2 . 0 0 5 0 1 . 9 7 7 8 
W .7964 .7138 .7677 .7347 . 7 9 0 1 .7231 .7474 .7229 
MG . 2 4 3 9 .3248 .2590 .2926 .2428 .2990 . 2 3 5 1 . 3277 
CA . 0 7 6 7 .0764 .0792 .0765 .0794 .0748 .0715 .0730 
K 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 
NA . 0 3 3 6 0 . 0 0 0 0 0 .0000 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 
CL 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

0 ,0« l ,CL ,F 1 2 . 0 0 0 0 1 2 . 0 0 0 0 12.0000 12 .0000 1 2 . 0 0 0 0 12 .0000 12 .0000 12 .0000 

No. atoms 2 0 . 0 7 9 1 2 0 . 0 4 2 1 20 .0308 20 .0408 2 0 . 0 4 4 5 2 0 . 0 4 2 4 2 0 . 0 3 4 3 2 0 . 0 4 8 3 

4 4 9 6 / 6 7 . 3 . 4 4 9 6 / 6 7 . 3 . 4 4 9 6 / 7 2 . 3 . 4 4 9 6 / 7 2 . 3 . 4 4 9 6 / 7 2 . 3 . 4 4 9 6 / 7 2 . 3 . 4 4 9 6 / 7 2 . 3 . 4 4 9 6 / 1 2 5 . 8 , 
G 4 p i n k i n t . G 4 p a l e c i i n . ca. CORE. G1 RIM. G2 C»RE. C2 RIM. G3. G1 CORE, 

SI02 3 6 . 8 0 0 0 3 6 . 7 6 0 0 36 .4700 36 .1600 3 6 . 4 7 0 0 3 6 . 2 3 0 0 3 6 . 3 3 0 0 3 7 . 5 1 0 0 
T I 0 2 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 .1400 . 1 3 0 0 0 . 0 0 0 0 0 . 0 0 0 0 .1500 
AL203 2 0 . 7 8 0 0 2 1 . 1 4 0 0 20 .7600 20 .5700 2 0 . 6 9 0 0 2 0 . 9 4 0 0 2 0 . 8 7 0 0 2 1 . 0 5 0 0 
FE» 2 9 . 0 2 0 0 2 8 . 6 1 0 0 1 9 . 6 7 0 0 18 .9500 1 9 . 5 5 0 0 1 8 . 3 4 0 0 1 9 . 8 2 0 0 3 6 . 1 3 0 0 
m D 1 0 . 3 3 0 0 1 1 . 0 0 0 0 20 .6500 21 .8900 2 0 . 5 2 0 0 2 1 . 7 1 0 0 2 0 . 0 2 0 0 3 . 1 2 0 0 
M30 2 . 7 4 0 0 2 . 1 5 0 0 1 . 2 2 0 0 .8100 1 . 1 4 0 0 . 9300 1 . 3 7 0 0 2 . 9 8 0 0 
CAO . 8 3 0 0 .8500 2 . 3 4 0 0 2 .3200 2 . 3 7 0 0 2 . 3 3 0 0 2 . 3 6 0 0 . 2000 
K20 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 
NA20 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 . 0 0 0 0 .2600 0 . 0 0 0 0 0 . 0 0 0 0 
CL 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 O.OOOO 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

1 0 0 . 5 0 0 0 1 0 0 . 5 1 0 0 101 .1100 100.8400 1 0 0 . 8 7 0 0 1 0 0 . 7 4 0 0 1 0 0 . 7 7 0 0 1 0 1 . 1 4 0 0 
CKF,CL 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

I W A L 1 0 0 . 5 0 0 0 100V5100 101 .1100 100 .8400 1 0 0 . 8 7 0 0 1 0 0 . 7 4 0 0 1 0 0 . 7 7 0 0 1 0 1 . 1 4 0 0 

SI 2 . 9 7 6 9 2 . 9 7 5 2 2 .9586 2 .9520 2 . 9 6 3 2 2 . 9 5 0 4 2 . 9 5 2 2 3 . 0 0 1 1 
TI 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 .0086 . 0 0 7 9 0 . 0 0 0 0 0 . 0 0 0 0 .0090 
AL 1 . 9 8 1 8 2 . 0 1 7 2 1 .9855 1 .9798 1 . 9 8 1 8 2 . 0 1 0 4 L.9994 1 . 9 8 5 5 
FE 1 . 9 6 3 3 1 . 9 3 6 6 1 . 3 3 4 6 1 .2938 1 . 3 2 8 4 1 . 2 4 9 1 1 . 3 4 7 0 2 . 4 1 7 6 
M4 . 7 0 7 8 . 7 5 4 1 1 .4190 1 .5137 1 . 4 1 2 2 1 . 4 9 7 6 1 . 3 7 8 0 .2114 
MG . 3 3 0 3 . 2593 .1475 .0986 . 1 3 8 0 .1129 . 1659 .3553 
CA . 0 7 1 9 . 0 7 3 7 .2034 .2029 . 2 0 6 3 .2033 . 2 0 5 5 . 0 1 7 1 
K 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 
NA 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 ' . 0 4 1 7 0 . 0 0 0 0 0 . 0 0 0 0 
CL 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

0 , 0 H , C L , F 1 2 . 0 0 0 0 1 2 . 0 0 0 0 12 .0000 12.0000 1 2 . 0 0 0 0 1 2 . 0 0 0 0 1 2 . 0 0 0 0 12 .0000 

No. atoms 2 0 . 0 3 2 3 2 0 . 0 1 6 2 20 .0486 20 .0495 2 0 . 0 3 8 1 2 0 . 0 6 5 2 2 0 . 0 4 8 1 19 .9972 
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4496/125.8 . 4496/125.8. ,4496/125.8. 4496/125.8. 4496/125.8. 4502/19.3. 4502/19.3 . 4502/19.3. 

G1 CORE. G1 RIM. G2 CORE. G2 RIM. G3. G 1. G2 CORE. G2 RIM 

SI02 37.2700 37.1000 37.2900 37.2600 36.8600 36.5100 36.7900 36.7200 

TI02 .1500 0.0000 .1000 0.0000 0.0000 .1000 0.0000 0.0000 

AL203 20.9100 21.1600 21.4200 21.1600 20.9900 21.4000 21.3800 21.2900 

FEO 35.9100 36.1200 35.6500 36.2400 36.1300 35.3600 35.1800 34.6500 

f^JO 3.1000 3.4300 3.2100 3.2300 3.3300 2.8000 2.8600 2.8000 

M30 2.9600 2.5700 3.3900 2.7800 2.6700 2.5400 2.6500 2.5400 

CAO .2000 .2400 .3100 .1800 .2600 1.2700 1.2600 1.2100 

K20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

KA20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

CL 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

100.5000 100.6200 101.3700 100.8500 100.2400 .99.9800 100.1200 99.2100 

O F , C L 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

IXJl'AL 100.5000 100.6200 101.3700 100.8500 100.2400 99.9800 100.1200 99.2100 

SI 3.0011 2.9915 2.9727 2.9944 2.9860 2.9582 2.9723 2.9870 

TI .0091 0.0000 .0060 0.0000 0.0000 .0061 0.0000 0.0000 

AL 1.9850 2.0115 2.0131 2.0048 2.0046 2.0442 2.0364 2.0417 

FE 2.4183 2.4358 2.3768 2.4357 2.4478 2.3961 2.3770 2.3572 

MN .2114 .2343 .2168 .2199 .2285 .1922 .1957 .1929 

MG .3552 .3088 .4028 .3330 .3223 .30C7 ,3191 .3079 

CA .0173 .0207 .0265 .0155 .0226 .1103 .1091 .1055 

K 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

NA 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
CL 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0,0H,CL,F 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 

No. atocns 19.9973 20.0027 20.0147 20.0032 20.0117 20.0136 20.0095 19.9922 

4502 /19 .3 . 4502/19 .3 . 4502/19.3. 4502/19.3. 4502/37.3 . 4502/37 .3 . 4502/37 .3 . 4502/56.9, 
G3 RIM. G3 CORE. G3 CORE. G4 RIM. CI CORE. G1 RIM. G 3 . G CORE, 

SI02 36.5000 36.3500 36.5400 36.3500 36.2500 36.0500 36.5700 36.4500 
TI02 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .1000 0.0000 
AL203 21.4900 21.2200 21.3900 21.2200 21.3900 20.9400 21.3200 20.6600 
FEO 35.6100 35.4100 35.1400 34.8800 32.1400 31.9600 31.0000 21.3100 
MNO 3.0300 2.8800 2.9800 2.8400 6.3400 6.4200 6.1300 16.0800 
MOO 2.2100 2.2500 2.6100 2.6200 2.9000 2.3500 3.6200 1.7000 
CAO 1.1500 1.2600 1.3400 1.2800 .9300 .9100 1.1300 3.8100 
K20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA20 0.0000 0.0000 0.0000 .2800 0.0000 0.0000 0.0000 0.0000 
CL 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .1300 0.0000 

99.9900 99.3700 100.0000 99.4700 99.9500 98.6300 99.4526 100.0100 
0-F,CL 0.0000 0.0000 0.0000 0.0000 , 0.0000 0.0000 .0547 0.0000 

TOTAL 99.9900 99.3700 100.0000 99.4700 99.9500 98.6300 99.4526 100.0100 

SI 2.9619 2.9677 2.9598 2.9602 2.9413 2.9676 2.9530 2.9655 
TI 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .0061 0.0000 
AL 2.0559 2.0424 2.0427 2.0373 2.0461 2.0322 2.0296 1.9816 
FE 2.4167 2.4178 2.3805 2.3756 2.1810 2.2003 2.0935 1.4500 
hW .2083 .1992 .2045 .1959 .4357 .4477 .4193 1.1082 
MG .2673 .2738 .3151 .3180 .3507 .2883 .4356 .2061 
CA .1000 .1102 .1163 .1117 .0809 .0803 .0978 .3321 
K 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA 0.0000 0.0000 0.0000 .0449 0.0000 0.0000 0.0000 0.0000 
CL 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .0000 0.0000 

0 ,0H,CL,F 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 

NO. atoms 20.0101 20.0111 20.0189 20.0437 20.0357 20.0163 20.0350 20.0437 
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4502/56.9. 4502/56.9.4502/65.lA.4 502/65.lA.4502/65.lA.4502/65.lA.4502/65.lA.4502/65.lA. 
GARNET. G3 CORE. G1 CORE. G1 RIM. C2 RIM. G2 CORE. G2 INT. G 3A(cim), 

SI02 36.3000 36.4600 36.5000 36.0200 36.4 600 36.4600 ' 36.3800 36.7800 

TI02 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .1400 0.0000 

AL203 20.9500 21.1000 20.6600 20.4700 20.2500 20.6300 20.4600 20.6000 

FIX) 20.2100 20.9800 16.9800 19.8200 17.4800 18.6900 18.2600 17.5100 

hWO 17.1300 16.5200 23.2500 20.7200 23.6600 21.8700 22.5000 23.1700 

M30 1.5200 1.6200 .5900 .9300 .5400 .6100 .6300 .4700 

CAO 3.9000 3.9400 2.0300 2.0900 2.0500 1.9200 1.9600 1.9700 

K20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

NA20 0.0000 0.0000 0.0000 0.0000 O.OOOO 0.0000 0.0000 0.0000 
CI. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

100.0100 100:6200 100.0100 100.0500 100.4400 100.1800 100.3300 100.5000 

O F . C L 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 • 0.0000 0.0000 

TOTAL 100.0100 100.6200 100.0100 100.0500 100.4400 100.1800 100.3300 100.5000 

SI 2.9531 2.9481 2.9901 2.9607 2.9887 2.9860 2.9795 3.0010 
TI 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .0086 0.0000 
AL 2.0093 2.0114 1.9953 1.9836 1.9569 1.9919 1.9755 1.9816 
FE 1.3751 1.4187 1.1633 1.3625 1.1983 1.2801 1.2507 1.1949 
W 1.1804 1.1315 1.6133 1.4426 1.6428 1.5172 1.5609 1.6014 

MZ .1843 .1952 .0720 .1139 .0660 ••.0745 .0769 .0572 
CA .3400 .3414 .1782 .1841 .1801 .1685 .1720 .1722 

K 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA 0.0000 - 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
(X 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0,0H,CL,F 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 

No. atocns 20.0422 20.0462 20.0124 20.0474 20.0327 20.0181 20.0241 20.0082 

4502/65.lA. 4502/65.lA.4502/65.lA. 4502/65.lA. 4502/65.lA.4502/65.lA.4502/65.IB.4502/65.1B. 
G 3B. G 3C.G 3D(core). G 3E. G 3F. G 3G(rim). GI CORE. GI RIM. 

SI02 36.5200 36.7800 36.6000 36.6700 36.5800 36.6200 36,5300 36.4700 
TI02 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .1600 
AL203 20.6600 20.5300 20.4600 20.4700 20.4200 20.3200 20.4400 20.5500 
FEO 18.9800 18.7100 18.8900 18.2700 18.1900 18.0700 20.4100 18.3800 
ftJO 21.4400 21.7000 21.6700 22.3300 22.6700 22.5800 20.0300 21.8700 
MOO .8000 .7400 .8000 .6900 .5700 .6300 .8100 .7100 
CAO 2.1000 2.0200 2.0700 2.0700 2.0800 2.0500 2.2800 2.3600 
K20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
CL 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

100.5000 100.4800 100.4900 100.5000 100.5100 100.2700 100.5000 100.5000 
(>»F,CL 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

TOTAL 100.5000 100.4800 .100.4900 100.5000 100.5100 100.2700 100.5000 100.5000 

SI 2.9802 2.9992 2.9889 2.9939 2.9909 2.9986 2.9842 2.9770 
TI 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .0098 
AL 1.9876 1.9736 1.9698 1.9703 1.9684 1.9616 1.9686 1.9776 
FE 1.2953 1.2760 1.2901 1.2475 1.2439 1.2375 1.3944 1.2548 
HN 1.4820 1.4989 1.4990 1.5443 1.5701 1.5662 1.3860 1.5122 
MG .0973 .0899 .0974 .0840 .0695 .0769 .0986 .0864 
iCA .1836 .1765 .1811 .1811 .1822 .1799 .1996 .2064 
K 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA 0.0000 0.0000 0.0000 0.0000 0.0000 OiOOOO 0.0000 0.0000 
CL 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0,0H,CL,F 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 

No. atoms 20.0260 20.0141 20.0263 20.0210 20.0250 20.0205 20.0315 20.0243 



4 5 0 2 / 6 5 . I B . . 4 5 0 2 / 6 5 . I B . . 4 5 0 2 / 6 5 . I B . 4 5 0 2 / 6 6 . 0 . 4 5 0 2 / 6 6 . 0 . 4 5 0 2 / 6 6 . 0 . 4 5 0 2 / 6 6 . 0 . 4 5 0 2 / 6 6 . 0 
G2. G3. G3 RIM, G1 CORE. G2 RIM. G2 GORE. G3 CORE. G3 RIM. 

SI02 3 6 . 7 2 0 0 3 6 . 1 8 0 0 36 .2500 36 .2200 3 6 . 3 6 0 0 3 6 . 5 1 0 0 3 6 . 9 1 0 0 3 6 . 3 8 0 0 
TI02 .1100 .1000 0 . 0 0 0 0 .1100 0 . 0 0 0 0 0 . 0 0 0 0 .1600 0 . 0 0 0 0 
AL203 2 0 . 6 4 0 0 2 0 . 5 4 0 0 2 0 . 6 4 0 0 20 .4100 2 0 . 9 2 0 0 2 0 . 7 9 0 0 2 0 . 8 6 0 0 2 0 . 8 3 0 0 
FEO 1 8 . 6 2 0 0 17 .3400 16 .1800 21.2100 22 .0100 2 2 . 9 8 0 0 2 2 . 3 8 0 0 2 1 . 9 9 0 0 
MNO 2 1 . 4 5 0 0 2 3 . 1 9 0 0 24 .8100 16.3000 17 .3300 1 6 . 3 7 0 0 16 .9900 17 .0100 
MGO .6400 .5200 .3500 .7800 1 .0500 1 . 2 4 0 0 1 .1300 .8400 
CAO 2 . 3 2 0 0 2 . 3 6 0 0 2 . 2 6 0 0 3 .5500 3 . 1 6 0 0 3 . 0 6 0 0 3 . 2 2 0 0 3 . 2 4 0 0 
K20 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 
NA20 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 
CL 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

1 0 0 . 5 0 0 0 1 0 0 . 2 3 0 0 100 .4900 98 .5800 100 .8300 1 0 0 . 9 5 0 0 1 0 1 . 6 5 0 0 1 0 0 . 2 9 0 0 
0 - F , C L 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 . 0 0 0 0 O.OOOO 0 . 0 0 0 0 0 . 0 0 0 0 

TOTAL 100 .5000 100 .2300 100 .4900 98 .5800 100 .8300 1 0 0 . 9 5 0 0 101 .6500 100 .2900 

SI 2 . 9 9 1 7 2 . 9 6 8 0 2 . 9 6 9 5 2 .9932 2 . 9 5 3 0 2 . 9 6 0 3 2 . 9 6 8 8 2 . 9 6 7 4 
TI . 0067 . 0 0 6 2 0 . 0 0 0 0 .0068 0 . 0 0 0 0 0 . 0 0 0 0 .0097 0 . 0 0 0 0 
AL 1 . 9 8 2 5 1 . 9 8 6 5 1 .9933 1 .9885 2 . 0 0 3 1 1 . 9 8 7 3 1 . 9 7 8 1 2 . 0 0 3 0 
FE 1 . 2 6 8 7 1 . 1 8 9 6 1 . 1 0 8 5 1 .4659 1 . 4 9 5 0 1 . 5 5 8 3 1 . 5 0 5 5 1 . 5 0 0 1 
W 1 . 4 8 0 3 1 . 6 1 1 4 1 . 7 2 1 5 1 .1410 1 . 1 9 2 2 1 . 1 2 4 3 1 . 1 5 7 6 1 . 1 7 5 2 
MG .0777 .0636 .0427 .0961 . 1 2 7 1 .1498 . 1 3 5 5 . 1 0 2 1 
CA . 2025 .2074 .1984 .3143 .2750 .2659 . 2775 .2832 
K 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 
tJA 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 
CL 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 .0000 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

0 ,OH,CL,F 1 2 . 0 0 0 0 1 2 . 0 0 0 0 12 .0000 12.0000 1 2 . 0 0 0 0 1 2 . 0 0 0 0 1 2 . 0 0 0 0 1 2 . 0 0 0 0 

No. atoms 2 0 . 0 1 0 3 2 0 . 0 3 2 6 20 .0339 20.0058 20 .0454 2 0 . 0 4 5 9 20 .0324 2 0 . 0 3 1 0 

SE1,E)CTED ANALYSES FROM :SEP32 : 1 - 4 , 9 , 16 -17 

4 5 0 2 / 6 6 . 0 A . 4 5 0 2 / 6 6 . 0 A . 4 5 0 2 / 6 6 . 0 A . 4 5 0 2 / 6 6 . 0 A . 4 5 0 2 / 6 6 . 0 A . 4 4 9 6 / 2 9 . 6 . 4 4 9 6 / 2 9 . 6 , 
GARl CORE. GARl RIM. G1 MID PT.Gl Opp Rim. GAR2. GAR CORE. GAR RIM, 

S I 0 2 38 .0614 3 6 . 3 3 7 0 37 .4754 37 .8320 3 7 . 8 8 3 9 3 4 . 3 6 7 2 3 7 . 0 7 7 1 
TI02 .0596 . 0333 .0040 .0229 0 . 0 0 0 0 . 0 0 7 2 .0080 
AL203 2 0 . 2 0 0 8 1 9 . 7 4 2 8 2 0 . 0 1 8 1 20 .4812 2 0 . 4 1 0 7 1 9 . 4 5 2 6 2 0 . 4 4 5 7 
FEO 2 2 . 3 1 9 9 2 2 . 9 6 5 5 2 2 . 6 5 5 3 21 .8367 2 1 . 7 9 9 6 2 9 . 0 6 2 7 3 2 . 5 0 4 3 

16 .0457 1 6 . 5 5 6 2 15 .7412 16 .5229 17 .0419 3 . 2 4 5 0 3 . 6 0 8 9 
MGO 1 . 0 4 2 2 . 5 2 6 7 .9828 .7224 .7342 2 . 3 5 6 1 2 . 1 6 6 4 
CAO 3 .1408 2 . 4 4 5 0 3 .1629 3 .1703 3 . 3 8 4 2 .3004 . 3450 
NA20 .0066 . 0145 0 . 0 0 0 0 .0003 0 . 0 0 0 0 . 0 1 0 0 . 0 2 5 0 
K20 .0101 . 0 1 1 9 0 . 0 0 0 0 .0125 0 . 0 0 0 0 . 0 0 5 9 . 0 0 1 3 
ZNO .0291 0 . 0 0 0 0 0 . 0 0 0 0 .0780 0 . 0 0 0 0 0 . 0 0 0 0 . 0 4 2 3 

TOTAL 1 0 0 . 9 1 6 2 9 8 . 6 3 2 9 100 .0397 100 .6792 1 0 1 . 2 5 4 5 8 8 . 8 0 7 1 9 6 . 2 2 4 0 

SI 3 . 0 6 2 3 3 . 0 2 1 9 3 . 0 4 9 0 3 .0527 3 . 0 4 6 0 3 . 0 7 6 6 3 . 0 8 5 1 
TI . 0036 . 0 0 2 1 . 0 0 0 2 .0014 0 . 0 0 0 0 . 0 0 0 5 . 0 0 0 5 
AL 1 . 9 1 6 1 1 . 9 3 5 7 1 . 9 2 0 1 1 .9484 1 . 9 3 4 7 2 . 0 5 3 0 2 . 0 0 5 6 
FE 1 . 5 0 1 9 1 . 5 9 7 3 1 .5416 1 .4736 1 . 4 6 5 9 2 . 1 7 5 9 2 . 2 6 1 9 
hn 1 . 0 9 3 5 1 . 1 6 6 3 1 . 0 8 4 3 1 .1293 1 . 1 6 0 6 . 2 4 6 1 . 2544 
M3 . 1 2 5 0 . 0 6 5 3 . 1 1 9 2 .0869 . 0880 . 3143 . 2 6 8 6 
CA .2708 .2179 . 2757 . 2 7 4 1 .2916 . 0288 . 0 3 0 8 
NA . 0 0 1 0 .0024 0 . 0 0 0 0 .0000 0 . 0 0 0 0 . 0018 . 0 0 4 1 
K . 0 0 1 0 . 0013 0 . 0 0 0 0 .0013 0 . 0 0 0 0 . 0 0 0 7 . 0 0 0 1 
ZN .0017 0 . 0 0 0 0 0 . 0 0 0 0 .0047 0 . 0 0 0 0 0 . 0 0 0 0 .0026 

Oxygen 1 2 . 0 0 0 0 1 2 . 0 0 0 0 12 .0000 12 .0000 1 2 . 0 0 0 0 1 2 . 0 0 0 0 1 2 . 0 0 0 0 

tJo. atoms 1 9 . 9 7 7 1 2 0 . 0 1 0 1 19 .9907 19 .9724 19 .9867 1 9 . 8 9 7 6 1 9 . 9 1 3 6 
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StXECTED ANALYSES FROM :JAN83 : 1, 7-8, 12, 16, 25, 29, 34, 43, 63, 69, 73, 119-120, 135, 143-144, 160-162, 169, 174, 178, 1 

220, 224 

GARNETS (AU) 

4502 /16 .6 . 4502 /75 .9 . 4502/75.9 . 4502/44.3 . 4502 /91 .6 . 4502/29 .9 . 4502 /29 .9 . 4502 /48 .6 . 

GARNET. Gl . G2. GARNET. GARNET 1. GARNET 1. GNT 2 . GARNET. 

SI02 36.3236 33.4291 36.8788 35.0525 36.4634 34.2827 37.0715 36.5717 

TI02 0 .0000 .0102 .0499 0.0000 .0008 0.0000 .0201 .0130 

AL203 20.4089 18.8544 20.5366 19.8440 20.4369 19.4240 20.4393 20.2086 

FEO 30.1262 34.5195 34.4595 33.7483 36.4907 36.8315 37.1032 23.6349 

htW 8.0624 4.7459 4.9134 5.4483 2.6851 2.3293 2.3209 15.2310 

MGO 2.1881 2.3966 2.4216 2.3264 3.3231 2.5238 2.7016 1.6167 

CAO 1.8981 .5210 .5137 .8653 .1945 .2197 .2319 1.5410 

NA20 0 .0000 .0141 .0293 0.0000 .0037 .0082 .0003 .0058 

K20 0.0000 .0063 .0017 .0204 .0043 .0115 0.0000 .0136 

ZNO .0817 0.0000 .0184 .0633 .0647 .0641 .0493 .0645 

TOTAL 99.0890 94.4971 99.8229 97.3685 99.6672 95.6948 99.9381 98.9008 

SI 2.9831 2.9227 3.0037 2.9520 2.9751 2.9438 3.0134 3.0123 

TI 0 .0000 .0007 .0031 0.0000 .0000 0.0000 .0012 .0008 

AL 1.9760 1.9434 1.9719 1.9702 1.9658 1.9663 1.9587 1.9623 

FE 2.0692 2.5241 2.3473 2.3770 2.4900 2.6450 2.5224 1.6281 

W .5609 .3515 .3390 .3887 .1856 .1694 .1598 1.0626 

K ; .2678 .3123 .2939 .2920 .4041 .3230 .3273 .1985 

CA ;1670 .0488 .0448 .0781 .0170 .0202 .0202 .1360 

NA 0.0000 .0024 .0047 0.0000 .0006 .0014 .0000 .0009 

K 0 .0000 .0007 .0002 .0022 .0004 .0013 0.0000 .0014 

ZN .0050 0.0000 .0011 .0039 .0039 .0041 .0030 .0039 

Oxygen 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 

NO. atoms 20.0289 20.1064 20.0098 20.0641 20.0426 20.0743 20.0060 20.0069 

4502 /47 . IC . 2/9A. 4545/42 .8 . V 2 . 4478 /85 .8 . 4478 /85 .8 . 4478 /68 .1 . 2/9B. 

GARNET. GNT. GNT. GARNET. GNT COR. GOT RIM. GOT. GOT 1. 

SI02" 36.1811 36.2925 36.4886 37.1376 38.1725 "38.4741 37.5602 36.9348 
TI02 0.0000 .0163 .0211 0.0000 .0595 .0287 .0650 0.0000 
AL203 21.1615 20.1072 21.3212 21.2901 21.2354 21.3887 20.5684 20.9173 
FEO 29.0193 12.1783 15.9212 30.6845 19.9173 19.6325 10.3753 12.7188 
M40 7.7396 24.9680 19.8358 7.9578 14.1178 14.1367 23.5057 26.5348 
MOO 2.8239 .2006 1.6785 1.9109 1.6538 1.6091 .1417 .2707 
CAO 2.2074 3.4266 4.5488 1.7400 5.9982 5.8708 8 .1791 3.1526 
NA20 .0073 0.0000 .0276 .0034 0.0000 0 .0000 .0087 .4473 
K20 0 .0000 0 .0000 .0032 0.0000 .0155 0 .0000 0 .0000 .0035 
ZNO .1338 0.0000 .1309 0.0000 .0441 .0007 0.0000 .0380 

TOTAL 99.2739 97.1895 99.9769 100.7243 101.2141 101.1413 100.4041 101.0178 

SI 2.9478 3.0355 2.9519 2.9901 3.0228 3.0395 3.0217 2.9902 
TI 0 .0000 .0010 .0013 0.0000 .0035 .0017 .0039 0 .0000 
AL 2.0326 1.9827 2.0335 2.0209 1.9825 1.9921 1.9508 1.9964 
FE 1.9773 .8519 1.0772 2.0662 1.3191 1.2971 .6981 .8612 
MN .5341 1.7689 1.3593 .5427 .9470 .9460 1.6018 1.8196 
MS .3429 .0250 .2024 .2293 .1952 .1894 .0170 .0327 
CA .1927 .3071 .3943 .1501 .5090 .4970 .7051 .2735 
NA .0012 0 .0000 .0044 .0005 0 .0000 0 .0000 .0014 .0714 
K 0.0000 0.0000 .0003 0.0000 .0016 0.0000 0.0000 .0004 
ZN .0081 0 .0000 .0078 0.0000 .0026 .0000 0 .0000 .0023 

Oxygen 12.0000 12.0000 12.0000 12.0000 12.0000 . 12.0000 12.0000 12.0000 

No. atoms 20.0366 19.9722 20.0324 19.9997 19.9832 19.9628 19.9997 20.0475 
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2/9B.4483/143.6.4483/143.6.4483/143.6. 4478/62.8.4483/L16.L. 2/L3d. Sturtite. 

cm- 2. G 1. G2. G3. Gl. Gl. Gl, .coarse G 1 

, SI02 38.1391 34.2692 36.7439 36.9363 36.7663 38.3267 39.3972 38.1738 

TI02 .0537 .0880 .0679 .0623 .0612 .0567 .0868 0.0000 

AL203 19.5584 20.2248 20.6084 21.0220 20.5882 19.5594 20.5766 20.0563 

FBO 11.4197 15.5115 15.1987 15.5720 11.1001 11.3044 12.2583 25.8887 

m ) 27.7622 19.9370 20.8584 20.4296 23.0840 28.4989 22.3527 10.3909 

MGO .2193 .5317 .2391 .5025 .2322 .1462 .5639 2.0740 

CAO 3.6387 6.2950 6.0497 6.1955 8.0431 3.2454 7.2642 3.0832 
NA20 .0183 .0155 .0087 0.0000 .0246 .0270 .0140 0.0000 

K20 .0388 0.0000 0.0000 0.0000 .0118 .0043 0.0000 .0052 
ZNO 0.0000 .0548 .0193 .0445 .0586 .0670 .0385 .0281 

IXJTAL 100.8482' 96.9275 99.7941 100.7647 99.9701 101.2360 102.5522 99.7002 

SI 3.0865 2.8982 2.9939 2.9769 2.9829 3.0930 3.0867 3.0809 
TI .0033 .0056 .0042 .0038 .0037 .0034 .0051 0.0000 
AL 1.8660 2.0165 1.9796 1.9975 1.9692 1.8609 1.9006 1.9083 
FE .7729 1,0971 1.0357 1.0496 .7532 .7630 .8032 1.7474 
W 1.9031 1.4282 1.4396 1.3947 1.5864 1.9481 1.4834 .7104 

MG .0264 .0670 .0290 .0604 .0281 .0176 .0658 .2495 
CA .3155 .5705 .5282 .5350 .6992 .2806 .6098 .2666 
MA .0029 .0026 .0014 0.0000 .0039 .0043 .0022 0.0000 
K .0040 0.0000 0.0000 0.0000 .0012 .0004 0.0000 .0005 

ZN 0.0000 .0034 .0012 .0027 .0035 .0040 .0022 .0017 

Oxygen 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0000 

No. atocns 19.9807 20.0893 20.0128 20.0206 20.0313 19.9755 19.9589 19.9653 

Sturtite. 4496/65.2. 4496/65.2. 4496/98.4. 4496/32. . 4496/85.7. 4496/26.9.4483/143.6 
G 2 fine. Gl. G 2. Gl. G. G. G. G4 

SI02 38.5888 35.9825 38.7475 39.3177 36.4691 39.5589 38.3758 36.5076 
TI02 .0288 0.0000 .0365 .0100 .0213 0.0000 0.0000 .0654 
AL203 20.4360 19.2273 20.7084 21.0889 19.4181 20.8862 20.2979 21.0531 
FED 26.3924 27.6622 34.0363 30.3634 34.6767 31.8958 37.1568 15.5987 
M O 10.6143 4.2316 4.0877 7.7050 2.8334 6.4258 2.6709 20.7491 
MGO 2.0904 2.6857 3.0859 3.1981 3.2924 2.6929 2.1794 .4671 
CAO 3.1181 .2512 .2464 .4964 .2090 .9925 .2240 6.1381 
NA20 .0183 .0399 .0278 .0205 0.0000 .0212 .0202 .0054 
K20 .0140 .0122 0.0000 .0047 0.0000 0.0000 0.0000 0.0000 
ZNO .0725 .0401 .0096 .1253 0.0000 .0457 0.0000 0.0000 

I W A L 101.3736 90.1327 100.9861 102.3300 96.9200 102.5190 100.9250 100.5845 

SI 3.0675 3.1510 3.0794 3.0781 3.0425 3.096S 3.0805 2.9552 
TI .0017 0.0,000 .0022 .0006 .0013 0.0000 0.0000 .0040 
AL 1.9151 1.9850 1.9402 1.9464 1.9098 1.9274 1.9209 2.0091 
FC 1.7546 2.0259 2.2622 1.9880 2.4194 2.0880 2.4945 1.0560 
ttl .7147 .3139 .2752 .5110 .2002 .4261 .1816 1.4227 
MG .2476 .3505 .3655 .3731 .4093 .3141 .2607 .0564 
CA .2656 .0236 .0210 .0416 .0187 .0832 .0193 .5324 
NA .0029 .0069 .0044 .0032 0.0000 .0033 .0032 .0009 
K .0014 .0014 0.0000 .0005 0.0000 0.0000 0.0000 0.0000 
ZN .0043 .0026 .0006 .0072 0.0000 .0026 0.0000 0.0000 

Oxygen 

No. atoms 

12.0000 12.0000 

19.9754 19.8606 

12.0000 

19.9504 

12.0000 

19.9498 

12.0000 

20.0013 

- 12.0000 

19.9414 

12.0000 

19.9605 

12.0000 

20.0366 
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BIOTITES (AU) 
4502/29.9.<502/47.IC.4502/47.IC. 4545/42.8, 1/2. 4526/90.6. 

DI 2. CN DI. GN ni 2. BI 2. UIOTITE. DI 1 

SI02 36.8366 29.1763 30.2828 41.2224 36.4138 39.0799 

T102 1.3721 0.0000 .0146 .7477 2.8676 .5124 

AL203 18.2696 19.7722 10.7345 11.4166 19.1213 10.8520 
FEO 21.1237 31.6834 27.7952 17.1100 19.7112 17.2305 
W O .0278 .4151 .3849 1.4605 ,1288 2.1587 
M30 9.4375 4.5193 4.2222 15.8973 8.7581 15.1799 
CAO 0.0000 .0092 0.0000 0.0000 0.0000 0.0000 
NA20 .2256 .0071 .0889 .0169 .0287 .0246 
K20 9.4973 4.3009 8.3258 9.1848 8.9408 9.8069 
ZNO .0744 • .3286 .0933 .1966 .1113 .0881 

TOTAL 96.8646 90.2171 89.9422 97.2528. 96.0816 94.9330 

SI 5.5456 4.9410 5.1625 6.0858 5.4715 5.9985 
TI .1553 0.0000 .0019 .0830 .3240 .0592 
AL 3.2425 3.9475 3.7653 1.9870 3,3872 1.9638 
FE 2.6596 4.4880 3.9629 2.1126 2.4770 2.2119 
W .0035 .0595 .0556 .1826 .0164 .2807 
MG • 2.1174 1.1406 1.0727 3.4977 1.9612 .3.4725 
CA 0.0000 .0017 0.0000 0.0000 0.0000 0.0000 
MA .0669 .0024 .0299 .0049 .0085 .0074 
K 1.8241 .9292 1.8108 1.7300 1.7139 1.9205 
ZN .0083 .0411 .0118 .0214 .0124 .0100 

Oxygen 22.0000 22.0000 22.0000 22.0000 22.0000 22.0000 

Mo. atoms 37.6233 37.5511 37.8733 ,37.7052 37.3721 37.9245 

4526/90.6. 4496/65.2. 4496/98.4. 4526/89.2. 4526/89.2. 4496/32. 
BI 2. BI 1. BI 1. Mrv-Bi 1. Mn-Bi 2. Bi 

SI02 39.0978 37.1701 37.5759 39.5427 39.6521 37.1896 
TI02 .3640 1.2553 1.2489 1.1467 1.0860 .6485 
AL203 10.5975 15.8941 17.3594 10.8184 10.5227 16.5427 
nx> 13.2392 19.0310 18.8310 21.4921 22.1454 15.5932 
W O 2.0453 .1111 .0925 2.4462 2.4133 .0441 
KX> 17.5294 10.1866 9.9669 10.9339 10.9560 11.0128 
CAO 0.0000 0.0000 0.0000 0.0000 .0006 .0184 
NA20 .0487 .2650 .1732 .0197 .0073 .2415 
K20 9.9829 9.2014 9.7573 9.8556 9.7205 8.3648 
ZtK> .0122 .0850 .1391 .0344 0.0000 .0718 

TOTAL 92.9170 93.1996 95.1442 96.2897 96.5039 89.7274 

SI 6.0219 5.7701 5.7048 6.0999 6.1154 5.8547 
TI .0422 .1466 .1426 .1330 .1260 .0768 
AL 1.9243 '2.9088 3.1071 1.9675 1.9133 3.0703 
FE 1.7054 2.4707 2.3910 2.7728 2.8564 2.0530 
m .2668 .0146 .0119 .3196 .3153 .0059 
MG 4.0237 2.3567 2.2551 2.5137 2.5182 2.5838 
CA 0.0000 0.0000 0.0000 0.0000 .0001 .0031 
NA .0148 .0811 .0518 .0060 .0022 .0749 
K 1.9616 1.8223 1.8899 1.9396 1.9126 1.6800 
za .0014 .0098 .0156 .0039 0.0000 .0084 

Oxygon 22.0000 22.0000 22.0000 22".0000 22.0000 22.0000 

Ito. atoms 37.9620 • 37.5807 37.5699 37.7561 37.7593 37.4109 
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SELECTED ANALYSES FROM :JAN83 : 2, 4, 9-10, 13, 15, 26, 46-47, 70, 74, 82-83, 193, 195, 203-204, 211 

BIOTITE (AU) 

4502/16.6. 4502/16.6. 4502/75.9. 4502/75.9. 4502/44.3. 4502/91.6. 

BI I . BI 2. BIOT 1. BIOT 2. BIOTITE. BI 1. 

SI02 34.5352 35.2726 34.4696 37.2328 35.5935 36.7750 

TI02 2.9055 2.8712 1.0302 .9721 1.6758 1.0758 

AL203 16.2475 16.6040 13.9688 14.9380 17.2283 15.5652 

FEO 18.4424 18.3870 19.0084 18.9859 19.9249 16.0773 

m o .1202 .1196 .1636 .0878 .1040 .1079 

M30 9.8991 9.8373 12.2079 12.5298 9.1965 13.1391 

CAO .0547 .0518 0.0000 .0119 0.0000 0.0000 

NA20 .0849 .0914 .1869 .1779 .1920 .2625 

K20 9.0107 9.2734 8.5079 8.5326 9.4395 9.2565 

ZNO .1987 .2200 .2336 .0889 .1681 .2182 

Wl'AL 91.4989 92.7283 89.7769 93.5577 93.5226 92.4775 

SI 5.4862 5.5196 1 5.6088 5.7415 5.5549 5.6920 
TI .3471 .3379 .1261 .1127 .1967 .1252 

AL 3.0429 3.0632 2.6796 2.7157 3.1698 2.8403 
FE 2.4502 2.4063 2.5867 2.4485 2.6006 2.0812 

m .0162 .0159 .0225 .0115 .0137 .0141 

MG 2.3436 2.2942 2.9604 2.8796 2.1390 3.0308 

CA .0093 .0087 0.0000 .0020 0.0000 0.0000 

NA .0266 .0282 .0599 .0541 .0591 .0801 

K 1.8262 1.8514 1.7662 1.6787 1.8795 1.8279 

ZN .0233 .0254 .0281 .0101 .0194 .0250 

Oxygen 22.0000 22.0000 22.0000 22.0000 22.0000 22.0000 

No. atoms 37.5716 37.5508 37.8384 37.6543 37.6328 37.7165 

SELECTED ANALYSES FROM :JAN82 : 16, 34, 38, 40, 43-44, 46-48, 59-60, 96-97, 103, lOS-lO'i, 110-112, 115-116, 122, 130, IBl 

BIOTITE (ANU) ************* 

2/4A. 2/7A. 2/7A. 2/7A. 2/7A. 4496/53.6. 4496/53.6 
BIl. BIl. BI c Ilm. BI 3. BI 4 . BI 1. BI 2 

SI02 36.5900 36.3200 34.2400 35.8800 35.9000 37.7800 38.6200 
TI02 1.7700 1.1500 1.0900 1.0700 1.1200 .7100 .4300 
AL203 15.5200 17.8700 17.8300 17.9800 18.0200 12.0000 11.6600 
FEO 17.4200 17.9300 20.0100 18.4200 18.1000 15.7600 15.4900 
mo .3300 0.0000 .1800 0.0000 0.0000 .7200 .7200 
M30 11.1000 11.6800 11.4700 11.5100 11.4100 15.6900 16.2100 
CAO 0.0000 0.0000 0.0000 0.0000 0.0000 .1200 0.0000 
K20 9.5900 9.5200 8.0300 9.6700 9.5100 9.3200 9.4300 
NA20 .2500 .2400 .2200 .2100 0.0000 .3100 .2900 
CL .3300 .1300 .0500 .1200 0.0000 .2200 .1500 

91.5104 '94.2926 92.9095 94.3547 94.0600 91.7036 92.3684 
O F , C L .1390 .0547 .0211 .0505 0.0000 .0926 .0632 

TOTAL 91.5104 94.2926 92.9095 94.3547 94.0600 91.7036 92.3684 

SI 5.7187 5.5269 5.3451 5.4818 5.5015 5.8858 5.9664 
TI .2080 .1316 .1280 .1229 .1291 .0832 .0500 
AL 2.8596 3.2059 3.2814 3.2385 3.2556 2.2040 2.1237 
FE 2.2770 2.2819 2.6124 2.3536 2.3198 2.0534 2.0014 
W .0437 0.0000 .0238 0.0000 0.0000 .0950 .0942 
MS 2.5855 2.6489 2.6685 2.6207 2.6059 3.6429 3.7322 
CA 0.0000 0.0000 0.0000 0.0000 0.0000 .0200 0.0000 
K 1.9122 1.8482 1.5993 1.8848 1.8593 1.8524 1.8586 
NA .0770 .0720 .0677 .0632 0.0000 .0952 .0883 
CL .0000 .0000 .0000 .0000 0.0000 .0000 .0000 

0,0H,CL,F 22.0000 22.0000 22.0000 22.0000 22.0000 22.0000 22,0000 

No. atoms 37.6815 37.7153 37.7262 37.7657 37.6711 37.9320 37.9148 
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BIOTITES (ANU) 
4496/S3.6. 4490/53.6. 4496/53.6. 4496/53.6. ,4490/125.8. 4490/125.8, ,4496/125.8 

BI 3. BI 3A. B14/G2. BI 4/K. BI 1. BI 2, DI 3 

SI02 30.0900 38.8800 38.1000 39.5900 35.4600 35.9200 34.9400 

T102 .5900 .6400 .3000 .5300 1.2100 1.3000 1.1900 

AL203 11.3400 11.3800 11.800Q 11.9800 19.0700 18.8400 18.4800 

FCO 14.G800 15.2300 15.7300 17.2000 19.1000 19.0000 19.2800 

W O .6400 .7700 .6900 .9100 0.0000 0.0000 0.0000 

KX) 16.0300 15.9400 16.2400 16.3300 9.6100 9.7100 9.5800 

CIJO .1500 .1500 O.OOOO .0900 0.0000 0.0000 0.0000 

K20 8.8900 9.2300 9.5700 9.9200 9.4800 9.5100 9.4300 

NA20 .2400 0.0000 .2GOO .1800 .2000 .2400 .2000 

CL .1900 '.2300 .1700 .2200 0.0000 .1000 0.0000 

90.0399 91.4815 92.1441 96.0236 94.1300 94.2589 93.1000 

O F . C L .0800 .0969 .0716 .0926 • 0.0000 .0421 0.0000 

TOTAL 90.0399 91.4815 92.1441 96.0236 94.1300 94.2589 93.1000 

SI 5.9968 6.0302 5.9162 5.9222 5.4553 5.4976 5.4530 

TI .0699 .0747 .0350 .0596 .1400 .1496 .1397 

AL 2.1048 2.0808 2.1602 2.1127 3.4587 3.3994 3.4002 

FE 1.9329 1.9755 2.0423 2.1518 2.4575 2.4397 2.5165 

m .0853 .1012 .0903 .1153 0.0000 0.0000 0.0000 
M3 3.7612 3.6845 3.7583 3.6405 2.2033 2.2148 2.2282 
CA .0253 .0249 0.0000 ,0144 0.0000 0.0000 0.0000 
.K 1.7856 1.8264 1.8959 1.8932 1.8607 1.8570 1.8776 

NA .0745 0.0000 .0796 .0531 .0606 .0724 .0615 
a . .0000 .0000 .0000 .0000 0.0000 .0000 0.0000 

0,0H,CL,F 22.0000 22.0000 22.0000 22^0000 22.0000 22.0000 22.0000 

No. atoms 37.8363 37.7982 37.9787 37.9629 37.6362 37.6305 37.6768 

4502/19.3 . 4502/19.3. 4502/19.3. 4502/19.3. 4502/19.3. 4502/19.3. 4502/19.3 
812. BI 3. BI 4. BI 5. BI 1. BI 6 . CI 7 

SI02 34.2300 33.5400 32.6200 33.9200 33.6600 33.9400 33.6400 
TI02 3.1900 3.0900 3.0000 3.1300 2.8600 3.1100 3.0700 
AL203 18.1600 17.8600 18.2700 18.6400 18.8300 18.4400 18.7900 
FEXD 22.6300 22.2400 20.7700 21.6700 22.2400 21.8300 21.8400 
W W 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
KX) 6.9000 6.6700 6.3600 6.8700 6.6300 6.7100 6.6700 
CAO .0900 .1000 .1200 0.0000 .1100 0.0000 0.0000 
K20 9.5500 9.4300 9.4000 9.6300 9.0500 9.7300 9.6500 
NA20 .1500 0.0000 .1300 .1300 .1800 .1500 • .2700 
CL .0900 .0800 .1000 0.0000 .0500 .0700 .0700 

94.6110 92.6731 90.34 89 93.9900 93.3995 93.6852 93.7052 
0«F,CL .0379 .0337 .0421 '0.0000 .0211 .0295 .0295 

TOTAL 94.6110 92.6731 90.3489 93.9900 93.3995 93.6852 93.7052 

SI 5.3469 5.3506 5.3128 5.3248 5.3112 5.3441 5.2979 
TI .3747 .3707 .3675 .3695 ,3394 .3683 .3636 
AL 3.3442 3.3590 3.5080 3.4497 3.5028 3.4231 3.4887 
FE 2.9563 2.9672 2.8291 2.8450 2.9348 2.8747 2.8766 
hN 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 " O'.OOOO 
MG 1.6063 1.5858 1.5437 1.6073 1.5591 1.5746 1.5655 
CA .0151 .0171 .0209 0.0000 .0186 0.0000 0.0000 
K 1.9032 1.9192 1.9532 1.9287 1.8218 1.9546 1.9389 
KA .0462 0.0000 .0417 .0402" .0560 .0465 .0838 
CL .0000 .0000 .0000 0.0000 .0000 .0000 .0000 

0,0H,CL,F 22.0000 22.0000 22.0000 22.0000 22.0000 22.0000 22.0000 

NO. atoms 37.5928 37.5697 37.5770 37.5652 37,5437 37.5858 37.6149 
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4502/19.3. 4502/37.3. 4502/37.3. 4502/37.3. 4 502/37.3. 4502/37.3 

BI+spl. BI 1. 81 2. BI 4. DI 5. Bi 3 

SI02 33.6400 35.0300 35.5800 33.8500 36.2300 38.2400 

TI02 2.8800 1.1100 1.3900 1.3500 1.1700 1.3100 

AL203 18.8000 18.4900 18.6200 17.6600 13.9000 19.5300 
FEO 22.3200 20.1700 17.1100 18.1500 17.5000 18.8300 
MI JO 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
MGO 6.2300 9.9900 10.4100 10.3300 10.8300 11.6200 
CAO 0.0000 .1400 0.0000 .1000 0.0000 0.0000 
K20 9.4700 9.0000 9.2600 8.4000 9.7500 10.0300 

NA20 .1900 .1300 .1500 .1700 .2700 .2100 
CL .1100 .2300 .1600 .2000 .1500 .2300 

93.17^8 93.3215 92.0262 89.3678 94.1684 99.0315 
OF .CL .0463 .0969 .0674 .0842 .0632 .0969 

IVI'AL 93.1768 93.3215 92.0262 89.3678 94.1684 99.0315 

SI 5.3265 5.4268 5.5150 5.4358 5.5054 5.5179 
TI .3429 .1293 .1620 .1630 .1337 .1422 
AL 3.5094 3.3770 3.4025 3.3434 3.3859 3.3224 
FE 2.9556 2.6133 2.2180 2.4376 2.2240 2.2724 
MN 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
MG 1.4701 2.3065 2.4047 2.4722 2.4526 2.4989 
CA 0.0000 .0232 0.0000 .0172 0.0000 0.0000 
K 1.9130 1.7788 1.8351 1.7209 1.8902 1.8465 
NA .0593 .0397 .0458 .0538 .0809 .0597 
CL .0000 .0000 .0000 .0000 .0000 .0000 

0,0H,<X,F 22.0000 22.0000 22.0000 22.0000 22.0000 22.0000 

No. atoms 37.5768 37.6946 37.5832 37.6440 37.6727 37.6600 

SELECTED ANALYSES FROM :SEP82 : 15, 22, 25 SELECTED ANALYSES FROM :SEP82 : 14 

BIOTITE (AU) ************ SILLIMANITE (AU) **************** 

4496/29.6. 4502/25.4. 4502/25.4. 4496/29.6. 
BI 1. 12 BIl. BI 2. SILL. 

SI02 36.4308 37.0379 36.2698 SI02 34.5212 
TI02 1.2924 1.7536 1.6013 TI02 0.0000 
AL203 18.0743 17.0963 17.0649 AL203 55.1664 
FEO 16.4039 17.6918 17.7048 FEO .1799 
W O .0811 .1043 .1223 n o .0161 
MOO 9.4449 9.7020 9.6694 M30 .0078 
CAO 0.0000 0.0000 0.0000 CAO 0.0000 
NA20 .1958 .1027 .0920 NA20 .0021 
K20 9.1204 8.8239 9.1029 K20 .0009 
ZNO .1224 .0646 .0238 ZNO .0553 

lOTAL 91.1660 92.3771 91.6512 TOTAL 89.9497 

SI 5.6950 5.7355 5.6849 SI 1.0347 
TI .1519 .2042 .1888 TI 0.0000 
AL 3.3310 3.1212 3.1533 AL 1.9494 
FE 2.1446 2.2913 2.3208 FE .0045 
hW .0107 .0137 .0162 W .0004 
MG 2.2004 2.2391 2.2587 MS .0003 
CA 0.0000 0.0000 0.0000 CA 0.0000 
UA .0603 .0313 .0284 NA .0001 
K 1.8190 1.7433 1.8203 K - .0000 
ZN .0141 .0074 .0028 ZN .0012 

Oxygen 22.0000 22.0000 22.0000 Oxygen 5.0000 

No. atoms 37.4271 37.3870 37.4741 No. atoms 7.9907 
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SliEXrrEU ANALYSfcS FfWM :GAHt/r : 1-31 

SPIN'liS (AU6.ANU) ANU: 1-18, AU: 19-31 

4502/19.3. 4 502/19.3. 4502/19.3. 4502/19.3. 4502/19.3. 4502/37.3. 4502/37.3. 4502/37.3. 

JI . J2 CORE. J2 RIM. J3 RIM. J3 CORE. JICORE. Jl RIM. J2. 

SI02 0.0000 .3500 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

TI02 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .2200 0.0000 

AL203 55.5000 52.7600 54.7000 55.0600 55.7000 53.4100 53.6700 54.0000 
FEO 23.0200 20.8000 22.4500 22.2700 22.4300 11.4200 11.4800 11.7300 

MxlO .2900 .1900 .2500 .1600 .1800 .2400 .2000 .2300 

K30 1.3000 1.1700 1.1200 1.0400 1.2100 1.2000 1.0700 1.1400 

CAO 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

NA20 0.0000 0.0000 0.0000 0.0000 O.OOOO 0.0000 0.0000 0.0000 

ZNO 17.4000 16.0800 17.1700 17.3400 17.7000 27.5800 28.0900 26.9600 

TOTAL 97.5100 91.3500 95.6900 95.8700 97.2200 93.8500 94.7300 94.0600 

SI 0.0000 .0112 0.0000 O.OOOO 0.0000 0.0000 0.0000 0.0000 

TI 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .0052 0.0000 

AL 1.9762 1.9875 1.9831 1.9897 1.9855 1.9930 1.9871 2.0032 

FE .5815 .5558 .5774 .5709 .5672 .3023 .3015 .3087 
MN .0074 .0051 .0065 .0042 .0046 .0064 .0053 .0061 

MG .0585 .0557 .0513 .0475 .0545 .0566 .0501 .0535 
CA 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
ZN .3884 .3797 .3902 .3928 .3955 .6451 .6520 .6269 

Oxygen 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4 .0000 

No. atoms 7.0119 6.9951 7.0085 7.0051 7.0073 7.0035 7.0012 6.9984 

4502/37.3. 4502/37.3. 4502/37.3. 4502/37.3. 4502/37.3. 4502/37.3. 4502/37.3. 4502/42.1 
J3 RIM. J4. J5. J 6 . J 7. J 8 . J 3 CORE. J (cotr.), 

SI02 0.0000 0.0000 .2400 0.0000 0.0000 0.0000 0.0000 0.0000 
TI02 0.0000 .1200 0.0000 .1400 .1400 0.0000 0.0000 .1200 
AL203 53.2000 54.0200 53.4000 59.4600 55.1400 62.6800 53.7100 53.0900 
FEO 11.4600 11.5500 11.2600 12.8500 11.7400 13.3900 11.5400 12.3500 
UNO .2900 .2800 .1600 0.0000 .1500 .1900 .2500 .1500 
MGO 1.2000 1.1600 .9800 1.1800 1.1900 1.2600 1.1000 .8700 
CAO 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
ZNO 27.1900 27.0300 29.4400 29.4400 27.8000 32.3200 27.0700 26.8000 

WrAL 93.3400 94.1600 95.4800 103.0700 96.1600 109.8400 93.6700 93.3800 

SI 0.0000 0.0000 .0075 0.0000 0.0000 0.0000 0.0000 0.0000 
TI 0.0000 .0028 0.0000 .0030 .0032 0.0000 0.0000 .0029 
AL 1.994^ 2.0010 1.9722 2.0083 2.0004 1.9976 2.0024 1.9929 
FE .3048 .3035 .2950 .3079 .3021 .3027 .3052 .3289 
m .0078 .0075 .0042 0.0000 .0039 .0044 .0067 .0040 
MS .0569 .0543 .0458 .0504 .0546 .0508 .0518 .0413 
CA 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
ZN .6390 .6276 .6816 .6233 .6322 .6457 .6326 .6306 

Oxygen 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 

No. atoms 7.0028 6.9967 7.0064 6.9929 6.9965 7.0012 6.9988 7.0007 
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4502/42.1. 4502/25.4. 4502/25.4. 4502/25.4. 4502/25.4. 4502/91.6. 4502/29.9. 4502/48.6, 
J2. SPIN. CORE. SPN BIMl. SPN RIM2. J 1. GAJINITE 1. GAHNITE 1. GAHNITE, 

SI02 0.0000 .0163 .0225 .0145 .0324 .0104 .0110 .0320 
TI02 .1200 0.0000 0.0000 .0126 .0444 0.0000 0.0000 0.0000 

AL203 53.2500 59.2065 58.8150 59.2990 56.7236 58.5463 54.5901 54.8462 

FEO 12.2100 11.2751 10.0208 10.4514 9.8453 8.4861 16.9902 12.5851 

MNO .1700 .1184 .1104 .1318 .1371 .0611 .0785 .6044 

MGO .7100 1.3815 1.1343 1.3404 1.2812 1.2517 1.7669 1.5969 

CAO 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

NA20 0.0000 .6338 .6648 .6457 .5721 .8628 .5832 .7401 

ZNO 26.8500 32.2244 33.2335 32.2681 24.3204 35.2693 23.9343 29.5371 

TOTAL 93.3100 104.8560 104.0013 104.1635 92.9565 104.4877 97.9542 99.9418 

SI 0.0000 .0005 .0006 .0004 .0010 .0003 .0003 .0010 
TI .0029 0.0000 0.0000 .0003 .0010 0.0000 0.0000 0.0000 
AL 1.9992 1.9835 1.9892 1.9939 2.0698 1.9794 1.9542 1.^442 
FE .3252 .2680 .2404 .2493 .2548 .2035 .4315 .3165 

ftJ .0046 .0028 .0027 .0032 .0036 .0015 .0020 .0154 

MG .0337 .0585 .0485 .0570 .0591 .0535 .0800 .0716 

CA 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

NA 0.0000 .0355 .0376 .0363 .0349 .0488 .0349 .0439 

ZN .6319 .6767 .7046 .6801 .5563 .7475 .5371 .6564 

Oxygen 4.0000 4.0000 4.0000 4.0000 4 .0000 4.0000 4.0000 4.0000 

No. atcxns 6.9975 7.0255 7.0236 7.0205 6.9805 7.0344 7.0400 7.0489 

4502/47.IC. 1/2. 1/2.4483/149.1. 4496/98.4. 4496/26.9. 4496/26.9, 
GAHNITE. GAHNITE. J2 COR 2. J . J . J core. J rim. 

S102 .0234 0.0000 .0116 .0585 0.0000 .0123 .0251 
TI02 0.0000 .0065 0.0000 0.0000 0.0000 .0460 0.0000 
AL203 57.4798 60.0157 60.1833 59.3466 58.5106 56.8408 56.9228 
FEO 7.7183 18.6766 18.7545 8.3069 11.0871 14.5972 13.2665 
hWO .1073 .2537 .2790 .1791 .0942 .0359 .0601 
MOO .4530 2.2832 2.2880 1.3200 1.6077 1.6595 1.4549 
CAO 0.0000 0.0000 0.0000 .0030 0.0000 0.0000 0.0000 
NA20 .8018 .5867 .5489 .8411 .9149 .8137 .8654 
ZNO 37.1460 22.1463 21.8581 33.5283 31.1367 27.4651 28.7181 

TOTAL 103.7296 103.9687 103.9234 103.5835 103.3512 101.4705 101.3129 

SI .0007 0.0000 .0003 .0017 0.0000 .0004 .0007 
TI 0.0000 .0001 0.0000 0.0000 0.0000 .0010 0.0000 
AL 1.9763 1.9886 1.9920 2.0027 1.9832 1.9648 1.9723 
FE .1883 .4390 .4403 .1989 .2666 .3579 .3261 
W .0027 .0060 .0066 .0043 .0023 .0009 .0015 
M3 .0197 .0956 .0957 .0563 .0689 .0725 .0637 
CA 0.0000 0.0000 0.0000 .0001 0.0000 0.0000 0.0000 
NA .0461 .0325 .0304 .0474 .0518 .0470 .0501 
ZN .8006 .4600 .4535 .7093 .6616 .5951 .6237 

Oxygen 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 

No. atoms 7.0342 7.0219 7.0189 7.0207 7.0343 7.0397 7.0382 
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SELEXri'ED AI':ALYSt5 FKOM :JAN82 : 3-4, 6, 9, L3, 19, 21, 45 

CXJMMINGTONITE-GRUNERITE (ANU) ***************************** 

2/lB, 2/IB. 2/lD. 2/lB. 2/4A. 2/4 A. 2/4A. 4496/53.6. 

Kl. K2. K3. K4. Kl. K2. K3. Kl. 

SI02 49.9900 49.4900 50.2100 49.5700 50.7000 51.0600 50.3900 51.1400 

TI02 0.0000 .1500 0.0000 .1500 0.0000 .1000 .1100 0.0000 

AL203 .2400 .2600 .3800 0.0000 .1900 .3200 .2100 .3000 

FE» 26.3600 25.4300 26.1100 26.3300 29.6700 29.8100 30.0000 25.4700 

W O 11.5700 11.1000 11.5600 11.6100 5.3500 5.5200 5.3500 5.4400 

MGO 8.2700 8.5600 8.2200 7.9400 10.0100 9.7700 9.7500 13.2100 
CAO 1.0800 1.1400 1.1700 1.0700 .4000 .5600 .4900 .3200 

K20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA20 .2200 .3100 .2200 0.0000 a.oooo .1700 .2300 .2800 
CL .0600 .0600 .0900 0.0000 0.0000 0.0000 0.0000 0.0000 

97.5373 96.2473 97.5810 9G.6700 % .3200 97.3100 96.5300 96.1€00 

0=F,CL .0253 .0253 .0379 0.0000 0.0000 0.0000 0,0000 0.0000 

'icrrAL 97.5373 96.2473 97.5810 % .6700 96.3200 97.3100 96.5300 96.1600 

SI 7.8806 7.8735 7.8901 7.9064 7.9636 7.9473 7.9262 7.8927 
TI 0.0000 .0179 0.0000 .0180 0.0000 .0117 .0130 0.0000 
AL .0446 .0488 .0704 0.0000 .0352 .0587 .0389 .0546 
FE 3.4753 3.3836 3.4314 3.5123 3.8976 3.8804 3.9465 3.2875 
W 1.5450 1.4958 1.5387 1.5686 .7118 .7278 .7128 .7112 
MG 1.9430 2.0296 1.9251 1.8874 2.3432 2.2663 2.2856 3.0384 
CA .1824 .1943 .1970 .1829 .0673 .0934 .0826 .0529 
K 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA .0684 .0972 .0681 0.0000 0.0000 .0521 .0713 .0852 
CL .0000 .0000 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0,0H,CL,F 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 

No. atoms 38.1392 38.1407 38.1207 38.0756 38.0188 38.0377 38.0772 38.1226 

4496/53.6. 4496/53.6. 4496/53.6. 4496/53.6. 4496/60.1. 4496/60.1. 4496/60.1. 44%/60.1, 
K2. K2A. K3. K4. Kl. K2. K3. K4. 

SI02 49.7100 51.5900 51.4800 51.1300 51.5100 47.4100 51.3400 51.5900 
TI02 0.0000 0.0000 .1300 0.0000 .1200 0.0000 0.0000 0.0000 
AL203 .3500 .4200 .4600 .4000 .3800 .1900 .2000 .2400 
FEO 23.9700 25.0800 25.5700 25.1800 30.6700 27.9500 30.7700 31.0300 
W O 5.3600 5.7500 5.6800 6.0300 10.3400 9.1800 10.6500 10.8200 
MOO 12.4100 12.9300 12.9700 12.9200 6.8300 6.3200 6.5200 6.7300 
CAO .5600 .4600 .3600 .6000 .5500 .5000 .5300 .5000 
K20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA20 .3900 .2500 .2700 .2500 .2000 .2200 0.0000 .3300 
CL 0.0000 .0500 0.0000 0.0000 .1200 .0900 0.0000 .0700 

92.7500 96.3195 % .9200 96.5100 100.2147 91.4810 100.0100 101.0152 
OF .CL 0.0000 .0211 0.0000 0.0000 .0505 .0379 0.0000 .0295 

TOTAL 92,7500 96.3195 96.9200 96.5100 100.2147 91.4810 100.0100 101.0152 

SI 7.9340 7.9245 7.8859 7.8778 7.9435 7.9942 7.9746 7.9341 
TI 0.0000 0.0000 .0150 0.0000 .0139 0.0000 0.0000 0.0000 
AL .0659 .0761 .0831 .0727 .0691 .0378 .0366 .0435 
FE 3.1996 3.2219 3.2758 3.2446 3.9556 3.9415 3.9972 3.9911 
MJ .7246 .7481 .7370 .7870 1.3507 1.3112 1.4012 1.4095 
MG 2.9519 2.9599 2.9610 2.9667 1.5697 1.5882 1.5093 1.5425 
CA .0958 .0757 .0591 .0991 .0909 .0903 .0882 .0824 
K 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA .1227 .0757 .0815 .0759- .0608 .0731 0.0000 .1000 
CL 0.0000 .0000 0.0000 0.0000 .0000 .0000 0.0000 .0000 

0,0H,CL,F 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 

No. atoms 38.0943 38.0818 38.0983 38.1236 38.0541 38.0363 38.0072 38.1032 
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4496/67.3. 4496/67.3. 4496/67.3. 4496/72.3. 4496/72.3. 4496/72.3. 4502/56.9. 4502/56.9. 

Kl. K2. K3. Kl. K2(poik.). K3. Kl. K2. 

SI02 48.4400 49.5400 49.6100 48.9500 49.0000 48.9100 50.7700 50.6200 

TI02 0.0000 0.0000 0.0000 0.0000 .1000 0.0000 0.0000 0.0000 

AL203 .4100 .5500 .3200 .2100 .2300 .2400 .3700 .3300 

FEO 28.9800 29.7400 29.4500 35.3000 35.3300 36.0500 30.0500 28.9600 

^tw 2.3000 2.3200 2.2400 6.9900 6.8300 7.1000 6.8300 7.0300 

MGO 11.4400 11.7900 11.6500 5.7200 5.6800 5.6000 8.4100 8.7600 

CAO .2200 .2200 .2400 .2800 .3700 .3600 1.2600 1.2200 

K20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

NA20 .2300 .3700 .2500 0.0000 .1900 .2000 .3700 .2500 

CL .0500 0.0000 0.0000 .0700 .1000 .0800 0.0000 .0800 

I 91.8595 94.5300 93.7600 ^1.2252 97.4089 98.2031 98.0600 96.9131 

0=F,CL .0211 0.0000 0.0000 .0295 ;0421 .0337 0.0000 .0337 

TOTAL 91.8595 94.5300 93.7600 97.2252 97.4089 98.2031 98.0600 96.9131 

SI 7.8871 7.8547 7.9140 7.9018 7.8892 7.8519 7.9242 7.9450 

TI 0.0000 0.0000 0.0000 0.0000 .0121 0.0000 0.0000 0.0000 

AL .0787 .1028 .0602 .0400 .0437 .0454 .0681 .0611 

FE 3.9462 3.9436 3.9290 4.7657 4.7572 4.8401 3.9226 3.8014 

MN .3172 .3116 .3027 .9558 .9315 .9655 .9030 .9346 

MG 2.7760 2.7859 2.7697 1.3761 1.3629 1.3398 1.9563 2.0491 

CA .0384 .0374 .0410 .0484 .0638 .0619 .2107 .2052 

K 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 

NA .0738 .1156 .0786 0.0000 .0603 .0633 .1138 .0773 

CL .0000 0.0000 0.0000 .0000 .0000 .0000 0.0000 .0000 

0,0H,CL,F 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 

No. atoms 38.1175 38.1517 38.0953 38.0877 38.1206 38.1679 38.0986 38.0740 

4502/56.9.4502/65.1A. 4 502/65. lA. 4 502/65. lA. 4 502/65 .1A. .4502/65.1A.4502/65.1A.4502/65.IB, 
K3. K 1. K2. K3. K4. K5. FIB K. Kl, 

SI02 50.4600 51.7100 48.5800 48.7300 48.5400 48.3700 48.0800 47.6300 
TI02 0.0000 0.0000 0.0000 .1600 0.0000 0.0000 0.0000 0.0000 

AL203 .1600 .3800 .3800 .2400 .1900 .1700 .2400 .2100 
FEO 29.5200 34.6800 36.3400 36.4900 36.3800 36.3000 36.0700 35.4900 
MJO 6.9600 7.7100 8.0300 8.1500 7.9400 7.9000 7.9800 7.7000 
MGO 8.0900 3.6400 3.7300 3.8000 3.6200 3.7100 3.6900 3.6000 
CAO 1.1400 .3300 .3700 .4100 .4100 .3400 .3200 .4100 
K20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA20 .1600 0.0000 .2400 .2400 .2200 .2300 .3400 .3000 
CL 0.0000 0.0000 .1300 .1200 0.0000 .1000 .0700 .0500 

96.4900 98.4500 97.2526 97.8347 97.3000 96.6989 96.4952 95.1795 
OF ,CL 0.0000 0.0000 .0547 .0505 0.0000 .0421 .0295 .0211 

TOTAL 96.4900 98.4500 97.2526 97.8347 97.3000 96.6989 96.4952 95.1795 

SI 7.9917 8.1794 7.9183 7.9049 7.9394 7.9393 7.9199 7.9445 
TI 0.0000 0.0000 0.0000 .0195 0.0000 0.0000 0.0000 0.0000 
AL .0299 .0709 .0730 .0459 .0366 .0329 .0466 .0413 
FE 3.9101 4.5878 4.9538 4.9505 4.9765 4.9830 4.9691 4.9507 
m .9337 1.0330 1.1087 1.1199 1.1001 1.0984 1.1134 1.0879 
MG 1.9095 .8581 .9061 .9187 .8824 .9075 .9059 .8949 
CA .1935 .0559 .0646 .0713 .0719 .0598 .0565 .0733 
K 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA .0499 0.0000 .0771 .0767 - .0709 .0744 .1104 .0986 
CL 0.0000 0.0000 .0000 .0000 0.0000 .0000 .0000 .0000 

0,0H,CL,F 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 

(Jo. atoms 38.0183 37.7853 38.1016 38.1074 38.0777 38.0953 38.1218 38.0911 
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4 502/65.IB.4502/65.IB.4502/65.IB.4 502/65.IB.4502/65.IB,4502/65.IB. 4502/66.0. 4502/66.0. 

K2 2ry. K3. K4. K5 (2ry?). K6. K7 2ry?. Kl. Kl CORE, 

SI02 48.0200 48.2000 48.3200 48.4100 48.3400 48.5800 49.3900 50.0600 

TI02 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

AL203 .2900 .3800 .1900 .2600 .1400 .2700 .3700 .2200 

FEO 35.8900 36.6200 37.1200 36.9500 36.6600 36.8500 32.1000 33.3600 

MNO 7.7100 8.1400 8.2300 8.0400 8.0700 8.0600 3.8500 4.0600 

KX) 3.6000 3.5300 3.7300 3.6500 3.6900 3.7000 8.3900 8.5900 

CAO .4100 .4300 .4400 .3800 .3000 .4400 .2900 .2800 

K20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

NA20 .1300 .2600 .2300 .3400 .2000 .3000 .3300 .3100 

CL .1000 .0800 .0900 .0900 .0600 .1100 .0600 .0500 

1 
95.7289 97.3031 97.9710 97.7410 97.2073 97.8468 94.5273 96.7195 

OF ,CL .0421 .0337 .0379 .0379 .0253 .0463 .0253 .0211 

'IX/rAL 95.7289 97.3031 97.9710 97.7410 97.2073 97.8468 94.5273 9617195 

SI 7.9488 7.8902 7.8724 7.8912 7.9195 7.8980 7.9644 7.9289 
TI 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
AL .0566 .0733 .0365 .0500 .0270 .0517 .0703 .0411 
FE 4.9685 5.0134 5.0578 5.0373 5.0230 5.0104 4.3291 4.4190 

1.0810 1.1287 1.1358 1.1101 1.1199 1.1100 .5259 .5447 
MG .8881 .8612 .9057 .8867 .9009 .8965 2.0163 2.0277 
CA .0727 .0754 .0768 .0664 .0527 .0766 .0501 .0475 
K 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA .0424 .0839 .0738 .1092 .0646 .0961 .1049 .0968 
CL .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 

0,0H,CL,F 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 

No. atoms 38.0581 38.1261 38.1587 38.1508 38.1076 38.1395 38.0G11 38.1056 

4502/66.0. 4502/66.0. 4502/66.0. 4502/66.0. 4502/66.0. 4502/66.0. AVERAGE , 
K2. K3. K4. K5. K6. K7. of 46. 

SI02 49.7200 49.7100 49.1000 50.2500 49.0300 49.8100 49.6346 
TI02 .1800 0.0000 0.0000 0.0000 0.0000 0.0000 .0261 
AL203 .2900 .2900 .2900 .3000 .2600 .3500 .2841 
FEO 33.6100 33.6000 33.2200 33.6500 32.0800 32.9300 31.7211 
UNO 3.9000 3.8900 3.8500 3.9000 3.7700 3.8600 6.8402 
M30 8.2000 8.2600 8.1600 8.3700 8.0000 8.6000 7.4948 
CAO .3700 .2800 .2800 .2800 .2800 .2800 .4985 
K20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA20 .1700 .2500 .2500 .2500 .2300 .2500 .2267 
CL .0900 0.0000 0.0000 0.0000 .1200 0.0000 .0487 

96.1510 96.2800 95.1500 97.0000 93.2647 96.0800 96.5697 
0=F,CL .0379 0.0000 0.0000 0.0000 .0505 0.0000 .0205 

TOTAL % . I 5 1 0 96.2800 95.1500 97.0000 93.2647 96.0800 96.5697 

SI 7.9224 7.9296 7.9269 7.9435 8.0040 7.9331 7.9267 
TI .0216 0.0000 0.0000 0.0000 0.0000 0.0000 .0031 
AL .0545 .0545 .0552 .0559 .0500 .0657 .0534 
FE 4.4789 4.4825 4.4854 4.4487 4 .3798 4.3862 4.2467 
rtJ .5264 .5256 .5265 .5222 .5213 .5207 .9260 
MS 1.9473 1.9637 1.9633 1.9719 1.9463 2.0413 1.7736 
CA .0632 .0479 .0484 .0474 .0490 .0478 .0850 
K 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
NA .0534 .0786 .0795 .0779 .0740 .0785 .0714 
CL .0000 0.0000 0.0000 0.0000 .0000 0.0000 .0000 

0,0H,CL,F 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 

No. atoms 38.0676 38.0824 38.0853 38.0675 38.0246 38.0734 38.0859 
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SELECTED ANALYSES FROM :JAN83 : 61-62. 68, 130-131, 158-159, 165-168, 179, 183, 199-200 

CUMMINGTONITE - GRUNEBITE SERIES (AU) 

2/9A. 2/9A. 4545/42.8. 2/9B, 2/9B.4483/L43.6.4483/143.6.4483/143.6, 

AMPH 1. AMPH 2. AMPfU DANN 1. DANN 2. P/A ? 3. P/A ? 4 . P/A?6. 

SI02 48.0288 48.0693 53.5728 49.4152 48.4304 44.3967 45.5436 45.2369 

TI02 0.0000 .0175 .0121 .0578 0.0000 .0235 0.0000 .0064 

AL203 .0825 .1386 .3281 .0876 .0784 .1107 .0956 .1103 

FEO 32.4453 30.2935 17.5749 25.1066 24.9139 32.7859 33.1937 33.1246 

MNO 10.7091 11.1747 4.4094 9.3409 9.6059 8.6433 8.6497 7.9564 

M30 2.5850 3.9151 12.5366 5.2981 5.2671 4.3654 4.6532 5.1954 

CAO .1452 .2759 9.2899 5.7061 5.2541 1.2810 1.1612 1.1473 

NA20 .0400 .0269 .0365 .0413 .1275 .0497 .0438 .0389 

K20 .0198 0.0000 .0920 .1006 .1060 .0151 .0013 .0146 

ZNO .1081 .1852 .1046 .1345 : 0.0000 .2368 .1821 .1550 

TOTAL 94.1638 94.0967 97.9569 95.2887 93.7833 91.9081 93.5242 92.9858 

SI 8.0898 8.0404 7.9502 7.9928 7.9766 7.7430 7.7765 7.7498 

TI 0.0000 .0022 .0014 .0070 0.0000 .0031 0.0000 .0008 

AL .0164 .0273 .0574 .0167 .0152 .0228 .0192 .0223 

FE 4.5705 4.2378 2.1812 3.3963 3.4318 4.7821 4.7401 4.7459 

1.5279 1.5833 .5543 1.2798 1.3401 1.2769 1.2510 1.1546 

MG .6489 .9760 2.7726 1.2772 1.2929 1.1347 1.1841 1.3265 

CA .0262 .0494 1.4772 .9889 .9272 .2394 .2125 .2106 

NA .0133 .0089 .0107 .0132 .0414 .0171 .0147 .0131 

K .0043 0.0000 .0174 .0208 .0223 .0034 .0003 .0032 

ZN .0135 .0229 .0115 .0161 0.0000 .0305 .0230 .0196 

Oxygen 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 

No. atoms 37.9107 37.9481 38.0338 38.0088 38.0476 38.2526 38.2214 38.2464 

4483 /143 .6 .4483 /143 .6 . 4123/143.6. 2 /13d. 4526 /89 .2 . 4526 /89 .2 . 4526/89 .2 
P A ? 7 . P/A78. P/A79. Kl. P/K. P/K71. P/K72 

SI02 44,7078 44.5015 43.1500 53.1773 53.5533 54.9452 54.6872 
TI02 .0680 .0384 0.0000 .0032 0.0000 .0033 .0271 
AL203 .1204 .0831 .0768 .1003 .1111 .0869 .0992 
FEO 32.4695 32.6469 32.2081 27.3644 21.6421 22.6694 22.7029 
^N0 8.1027 7.7619 7.8722 9.3145 10.3583 10.7418 10.4373 
MGO 4.6829 5.1493 5.0467 7.2680 10.4094 9.6400 9.9607 
CAO 1.1966 1.4317 1.7720 2.4845 1.7205 1.9071 1.9722 
NA20 .0081 .0459 .0374 .0438 .0544 .0107 .0062 
K20 .0121 0.0000 0.0000 0.0000 .0301 .0114 .0269 
ZNO .1424 .1735 .1055 .1374 .1821 0.0000 .1306 

•IWAL 91.5105 91.8322 90.2687 99.8934 98.0613 100.0158 100.0503 

SI 7 .7822 7.7267 7.6593 8.1025 8.1173 8.1777 8.1413 
TI .0089 .0050 0.0000 .0004 0.0000 .0004 .0030 
AL .0247 .0170 .0161 .0180 .0199 .0152 .0174 
FE 4.7269 4.7406 4.7813 3.4870 2.7435 2.8217 2 .8266 
W 1.1947 1.1416 1.1836 1.2022 1.3299 1.3542 1.3162 
MG 1.2148 1.3324 1.3350 1.6504 2.3514 2.1383 2 .2099 
CA .2232 .2664 .3370 .4056 .2794 .3041 .3146 
NA .0028 .0157 .0131 .0132 .0163 .0031 .0018 
K .0027 0.0000 0.0000 0.0000 .0058 .0022 .0051 
ZN .0183 .0223 .0138 .0155 .0204 0 .0000 .0144 

Oxygen 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 

No. atoms 38.1992 38.2676 38.3393 37.8946 37.8838 37.8169 37.8503 
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SELBCfED ANALYSES FROM :SEP82 : 5-8, 29-30 

CUMMIIJGTONITE - GRUNERITE SERIES (AU) 

4502 /66 .0A .4502 /66 .0A .4502 /66 .0A . 4502/66 .OA. 2/9BA. 2/9BA. 

AMPHl. AMPH2. AMPH3. AMPH4. (JNKSIL 1. UNKSIL 2 

SI02 36.1731 47.4385 47.5718 50.9544 51.2203 50.7360 

TI02 .0436 .0140 .0192 .0215 .0042 .0032 

AL203 .1347 .3745 .1289 .1551 .0547 .0312 

FEO 30.9884 35.0563 33.5596 34.0786 31.3479 26.9377 
htro 3.1387 3.6569 3.9833 3.6812 11.4116 11.5545 
MX) 7.4103 7.5143 8.2479 8.3963 4.3045 4.9997 
CAO ' .2441 .4537 .2567 .2570 .6800 3.7853 
NA20 .0220 .0233 .0323 .0315 • .1800 .0376 
K20 0.0000 .0177 0.0000 0.0000 .0190 .0153 
ZNO .1529 .1986 .1040 .1386 .1049 .0985 

TUTAL 78.3078 94.7478 93.9037 97.7142 99.3271 98.1990 

SI 7.3846 7.8023 7.8424 7.9857 8.0779 8.0215 
TI .0067 .0017 .0024 .0025 .0005 .0004 
AL .0324 .0726 .0251 .0287 .0102 .0058 
FE 5.2907 4.8220 4.6269 4.4667 4.1347 3.5619 

.5427 .5095 .5562 .4887 1.5245 1.5474 
txi 2.2545 1.8419 2.0264 1.9611 1.0117 1.1781 
CA .0534 .0800 .0453 .0432 .1149 .6413 
NA .0089 .0076 .0105 .0097 .0559 .0117 
K 0.0000 .0037 0.0000 0.0000 .0038 .0031 
ZN .0231 .0241 .0127 .0161 .0122 .0115 

Oxygen 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 

No. atoms 38.5970 38.1653 38.1479 38.0023 37.9463 37.9825 

SELECTED ANALYSES, FROM :JAN83 : 68, 121-124, 142, 156, 164 

ACriNOCITE (AU) *************** 

4545/42.8. 4478/85.8. 4478/85.8. 4478/85.8. 4478/85.8. 2/9B.4483/143.6.4483/143.6 
AMPH. HBO NPK. HBO POIK. HBO 3. HBO 4. m-AcriN. P/A ? 1. P/A75 

SI02 53.5728 51.7275 51.6746 50.9627 51.9444 50.9427 47.5912 48.2146 
TI02 .0121 .3504 .0467 .1598 .0374 .0033 0.0000 .0329 
AL203 .3281 3.2773 .9874 2.3743 .9246 .2804 .3328 .3442 
FBO 17.5749 17.9882 18.7898 18.2565 19.1744 23.8463 27.3259 26.1673 
nx) 4.4094 1.7065 1.0778 1.0345 1.1365 5.6751 3.8908 3.6499 
MGO 12.5366 12.1372 11.3228 11.2894 11.3643 5.7337 4.9890 5.5931 
CAO 9.2899 10.4409 11.2989 11.3713 11.5564 9.8170 9.9204 10.1929 
NA20 .0365 .1258 .0601 .0925 .0441 .0449 .0107 .0517 
K20 .0920 .4464 .0327 .2732 .0148 .0654 0.0000 .0124 
ZNO .1046 .2720 .6495 .1902 .2241 .0278 .1076 .1278 

TOTAL 97.9569 . 98.4722 95.9403 96.0044 96.4210 96.4366 94.1684 94.3868 

SI 
TI 
AL 
FE 
W 
MG 
CA 
NA 
K 
ZM 

Oxygen 

tto. atoms 

7.9502 7.6190 7.8536 7.7153 7.8540 8.0084 7.8144 7.8384 
.0014 .0388 .0053 .0182 .0043 .0004 0.0000 .0040 
.0574 .5691 .1769 .4238 .1648 .0520 .0644 .0660 

2.1812 2.2159 2.3883 2.3115 2.4246 3.1352 3.7525 3.5578 
.5543 .2129 .1388 .1327 .1456 .7557 .5411 .5026 

2.7726 2.6643 2.5646 2.5471 2.5608 1.3433 1.2208 1.3551 
1.4772 1.6478 1.8400 1.8446 1.8723 1.6536 1.7454 1.7756 
.0107 .0365 .0180 .0276 .0131 .0139 .0035 .0166 
.0174 .0839 .0063 .052? .0029 .0131 0.0000 .0026 
.0115 .0296 .0730 .0213 .0250 .0032 .0131 .0154 

23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 23.0000 

J8.0338 38.1176 38.0648 38.0949 38.0673 37.9788 38.1552 38.1341 
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SliBCTED ANALYSES FROM :JAtJ83 : 80-81, 84, 87, 95-97 

TIBOOITE (AU) 

4526/90 .6 . 4526/90 .6 . 4526/90.6. 4526/90.6. 4 526/90 .6 . 4526/90.6 . , 4526/90.6 
AMPH 1. AMPH 2 . P INT(l). P INT(4). DARK 2 . DKMATRIX 1. DKMATRIX 2 

SI02 53.5422 52.9589 51.3411 50.7837 53.7800 53.1299 54.1229 
TI02 .0155 .0044 0.0000 .0011 .0220 0.0000 0.0000 
AL203 .2818 .1779 .3245 .1298 .1062 .1139 .0980 
ETO 17.9319 18.2347 17.5250 15.6142 17.7680 16.6898 17.2004 
M W 8.8151 10.0266 11.6129 10.4546 11.0619 10.7372 11.0366 
M30 12.6592 13.2104 12.9704 12.4719 13.3378 13.0329 13.4379 
CAO 4.5070 2.5802 1.9179 5.4725 2.0208 4.2847 2.1379 
NA20 .0801 .0550 .0998 .0534 .0547 .0460 .0368 
K20 .0568^ .0283 .0100 .0226 .0036 .0129 .0126 
ZIK) .2074 .2004 .2694 .1430 .2160 \1294 .0708 

TOTAL 98.0970 97.4768 96.0710 95.1468 98.3710 98.1767 98.1539 

SI 7.9948 7.9791 7.9019 7.8742 8.0180 7.9516 8.0536 
TI .0017 .0005 0.0000 .0001 .0025 0.0000 0.0000 
AL .0496 .0316 .0589 .0237 .0187 .0201 .0172 
ET: 2.2393 2.2977 2.2558 2.0248 2.2154 2.0890 2.1405 
W 1.1149 1.2796 1.5140 1.3731 1.3970 1.3612 1.3911 
MG 2.8171 2.9663 2.9751 2.8820 2.9636 2.9070 2.9801 
CA .7211 .4165 .3163 .9092 .3228 .6871 .3409 
MA .0236 .0163 .0303 .0163 .0161 .0136 .0108 
K .0108 .0054 .0020 .0045 .0007 .0025 .p024 
ZN .0229 .0223 .0306 .0164 .0238 .0143 .0078 

Oxygen 23.0000 23-0000 23.0000 23.0000 23.0000 23.0000 23.0000 

No. atocns 37.9959 38.0155 38.0848 38.1243 37.9784 38.0463 37.9444 

SELECTED ANALYSES FBOM :JAN83 : 64-66, 132-133, 137, 139, 172-173, 17 

RHODONITE (AU) 

SELECTED ANALYSES FBOM :SEP82 : 33 

2 /9A. 2 /9A . 2 /9A. 4478/68.1 . 4478 /68 .1 . 

- P2(A) . P1(B) . P3. P ?1. P 7 2 . 

SI02 45.2469 45.5706 47.3195 46.2650 45.3998 

TI02 0 .0000 .0188 .0055 0.0000 .0201 

AL203 .0031 .0157 0.0000 .0114 .0118 

FE30 17.9518 17.9518 17.8025 16.4226 16.4569 

rtJO 21.22S1 26.5880 27.6047 27.7733 27.8989 

MOO .niK .7852 .7699 .5153 .5627 

CAO 5 .3792 5.9759 6.1043 7.5195 7.5121 

NA20 .0026 .0050 .0095 0.0000 .0265 

K20 .0008 .0059 0.0000 .0152 .0230 

ZNO .1821 .2361 .1512 .1770 .3226 

TOTAL 96.7656 97.1530 99.7671 98.6993 98.2344 

SI 1 .0008 1.0016 X1.0087 1.0001 .9912 

TI 0 .0000 .0003 ' .0001 0.0000 .0003 

AL .0001 .0004 0.0000 .0003 .0003 

FE .3321 .3300 .3174 .2969 .3005 

W .5101 .4950 .4985 .5086 .5159 

HG .0255 .0257 .0245 .0166 .0183 

CA .1275 .1407 .1394 .1742 .1757 

MA .0001 .0002 .0004 0.0000 .0011 

K .0000 .0002 0 .0000 .0004 .0006 

ZN .0030 .0038 .0024 .0028 .0052 

Oxygen 3.0000 3.0000 3.0000 3.0000 3.0000 

NO. atoms 4 .9992 4.9980 4.9914 4.9999 5.0092 

ACTINOLITE (AU) 

SI02 

TI02 

AL203 

reo 
W O 
MOO 
C3\0 
KA20 

K20 
ZNO 

TOTAL 

SI 

TI 

AL 

FE 

W 

MS 

CA 

NA 

K 

ZH 

2/9BA. 

Kl. 

52.4173 
.0063 
.3493 

23.4745 
5.2669 
6 .4662 

10.8098 
.0418 
.0780 
.0668 

98.9769 

7.9886 

.0007 

.0628 

2 .9920 

.6799 

1.4687 

1.7653 

.0126 

.0152 

.0075 

Oxygen 23.0000 

NO. atoms 37.9930 
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RHODONITES. (AU) 

4 4 7 0 / 6 8 . 1 . 4478 /68 .1 . 4478 /02 .8 . 4 4 7 0 / 6 2 . 8 . 4483 /116 .1 
P ? 3 . P 7 4 . Pb 1. , Pb 2 . PI 

SI02 ' 45 .6893 47.2935 46.5254 46.6346 49.4976 
TI02 .0371 0.0000 0,0000 .0249 0 .0000 
AL203 .0029 .0142 .0022 .0154 .0048 
FEO 16.5107 16.3634 16. i566 16.4612 17.1914 

28.0632 27.7888 27.5235 27.3470 30.2349 
H20 .5118 .5388 .7162 .7644 .5842 
CAO 7 .1591 7.7386 7.5416 7.5370 5 .7590 
NA20 .0107 .0079 .0307 .0112 .0194 
K20 0 .0000 .0010 .0058 0 .0000 .0260 
ZNO .1639 .2592 .2391 .1430 .1161 

TOTAL 98.1487 
( 

100.0054 98.8411 98.9387 103.4334 

SI 

1 

.9962 1.0053 1.0018 1.0022 1.0160 
TI .0006 0.0000 0.0000 .0004 0 .0000 
AL .0001 .0004 .0001 .0004 .0001 
FE .3011 .2909 .2928 .2959 .2951 
rtJ .5183 .5004 .5020 .4978 .5257 
HC .0166 .0171 .0230 .0245 .0179 
CA .1673 .1763 .1740 .1736 .1267 

. NA .0005 .0003 .0013 .0005 .0008 
K • 0 .0000 .0000 .0002 0.0000 .0007 
ZN .0026 .0041 .0038 .0023 .0018 

Oxygen 3 .0000 3.0000 3.0000 3.0000 3.0000 

ijU^tA-irjj /WM/ujior.'j fuoil : 

RHODONITE (AU) 

NO. a t o n s 5 .0034 4 .9947 4.9989 4.9974 4 . 9847 

SI02 
TI02 
AL203 
FE» 
nK> 

MSG 
CAO 
K20 
NA20 
CL 

0-F,CL 

TOTAL 

SI 
TI 
AL 
FE 

hG 
CA 
K 
NA 
CL 

2 /5A- I . 
PXM2. 

46.5300 
0.0000 

.2100 
18.0700 
30.4200 
0.0000 
4.7800 
0.0000 
0.0000 
0.0000 

100.0100 
0.0000 

100.0100 

1.0011 
0.0000 

.0053 

.3252 

.5544 
0.0000 

.1102 
0.0000 
0.0000 
0.0000 

0,0H,CL,F 

No. atoms 

3.0000 

4 .9962 

SELECTED ANALYSES FROM :JAN33 : 78-79 , 88 -89 , 9 8 - 9 9 , 146-149, 151 , 180-181 , 186 , 201-202 

PYRCOCMANGITE (AU) ***************** 

4 5 2 6 / 9 0 . 6 . 4 5 2 6 / 9 0 . 6 . 4526 /90 .6 . 4 5 2 6 / 9 0 . 6 . 4 5 2 6 / 9 0 . 6 . 4 5 2 6 / 9 0 . 6 . 2/9B. 
P I . P l ( 2 ) . P INT(5) . P INT(6) . BRITE A 1 . BRITE A 2 . PI(PRIM)2, 

SI02 47.9037 47.7686 44.5233 44 .1271 48.6032 48 .6933 46.5767 
TI02 0 . 0 0 0 0 .0089 0.0000 .0195 0 .0000 0 .0000 .0261 
AL203 0 .0000 .0219 .0036 .0200 .0278 .0086 .0056 
EEO 17.2238 . 17.8564 14.6516 14.8152 14.9009 15.0380 21.7786 
mo 27 .0903 27.2098 29.1463 29.1000 30 .7981 30 .5211 26.4441 
KX> 3 .2347 3.4889 3.5007 3 .4690 3 .0377 3 .0865 1.2606-
CAO 4 .0524 3 .5973 3.8367 3.7689 3 .8975 4 .0979 3 .1708 
NA20 .0085 .0224 .0239 0 .0000 0 .0000 .0092 .0287 
K20 .0053 0.0000 .0073 .0076 0 .0000 0 .0000 0 .0000 
ZNO .3204 .1954 .1958 .1924 .2100 .1434 .1625 

TOTAL 99 .8391 . 100.1696 95.8892 95.5197 101.4752 101.6030 99.4537 

SI 1 .0080 1.0036 .9858 .9827 1 .0079 1 .0079 1 .0035 
TI 0 .0000 .0001 0.0000 .0003 0 .0000 0 .0000 .0004 
AL 0 . 0 0 0 0 .0005 .0001 .0005 .0007 .0002 .0001 
FE .3031 .3138 .2713 .2759 .2584 .2603 .3924 
ttJ .4829 .4842 .5466 .5489 .5410 .5351 .4826 
MS .1014 .1092 .1155 .1151 .0939 .0952 .0405 
CA .0914 .0810 .0910 .0899 .0866 .0909 .0732 
NA .0004 .0009 .0010 0 .0000 0 .0000 .0004 . .0012 
K .0001 0 .0000 .0002 .0002 0 .0000 0 .0000 6 .0000 
ZK .0050 .0030 .0032 .0032 .0032 • .0022 .0026 

Oxygen 3 .0000 3 .0000 3.0000 3 .0000 ' 3 . 0 0 0 0 3 .0000 3 .0000 

tto. atoms 4 .9922 4 .9965 5.0148 5 .0168 4.9918 4 .9922 4 .9966 



Y R O X M A M G I T E ( A U ) 
I I 2 ,4 

7790. 2/yu. 2/9M. 2/9B. 2/13d. 2/13d. Stuctite 

M A . P2n. P2C. PI. P2. P 1 

SI02 47.0fj23 46.5978 47.7582 47.9134 48.4870 48.3842 47.7142 

TI02 0.0000 0.0000 0.0000 0.0000 0.0000 .0087 0.0000 

AL203 .0008 0.0000 .OOC3 .0G77 .0091 .0178 .2906 

FEO 22.05!4 21.5457 20.4061 24.2101 26.5455 20.4836 22.7769 

MfJO 26.967G 25.9070 27.9736 16.9664 24.7025 24,8012 24.9780 

MGO 1.2911 1.2526 1.1102 1.4379 1.8881 1.8476 1.3225 

CAO 2.9467 3.0237 3.2395 .5896 5.1054 5.2156 3.1941 

NA20 .0298 .0323 .0376 .0657 .0196 0.0000 .0083 

K20 .0027 .0081 .0164 .0683 0.0000 0.0000 .1362 

ZNO .2570 .2010 .0540 .1845 .2475 .2883 .1663 

IVTAL 100.6124 98.5682 100.6019 91.5036 101.0047 101.0470 100.5951 

SI l .ob33 1.0097 1.0125 1.0760 1.0131 1.0115 1.0097 

TI 0.0000 0.0000 0.0000 0.0000., 0.0000 .0001 0.0000 

AL .0000 0.0000 .0002 .0018 .0002 .0004 .0074 

FE .3932 .3904 .3618 .4547 .3590 .3581 .4031 

m .4870 .4755 .5024 .3227 .4372 .4392 .4477 

MS .0410 .0404 .0351 .0481 .0588 .0576 .0417 

CA .0673 .0702 .0736 .0142 .1143 .1168 .0724 

NA .0013 .0014 .0016 .0029 .0008 0.0000 .0003 

K .0001 .0002 .0004 .0020 0.0000 0.0000 .0037 

ZH • .0040 .0032 .0008 .0031 .0038 .0045 .0026 

Oxygen 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 

No. atoms ~ 4 .9973 4 .9911 4.9884 4.9255 4.9872 4 .9882 4.9886 

4526/89 .2 . 4526/89.2 . SELUL'l'ED ANALYSES FROM 

P A ? 1 . P/R?2. 

SI02 49.8494 49.5233 PYROXMANGITE (AU) 
TI02 0.0000 0.0000 

AL203 , .0261 .0198 

FEX) 18.2466 17.8806 Z/9BA. 
m o 26.8728 27.0886 PXM 1. 
KX) 2.5295 2.4189 
CAO 4.7235 4.6207 SI02 47.4453 
NA20 J.0063 .0026 TI02 0.0000 
K20 .0048 0.0000 AL203 .0166 
ZNO .1583 .2724 FEO 21.3954 

MNO 27.2372 
I W A L 102.4173 101.8269 MCX) 1.1265 

CAO 3.3941 
NA20 .0054 

SI 1.0192 1.0194 K20 .0260 
TI 0.0000 0.0000 ZNO -.1660 
AL .0006 .0005 
FE .3120 .3078 IXJTAL 100.8125 
m .4654 . .4723 
M3 .0771 .0742 
CA .1035 .1019 SI 1.0070 
NA .0003 .0001 TI 0.0000 
K .0001 0.0000 AL .0004 
TH .0024 .0041 FE .3798 

W .4897 

HG .0356 
Oxygen 3.0000 3.0000 CA .0772 

NA .0002 

K .0007 
No. atocm 4 .9806 4 .9804 2N .0026 

Oxygen 3.0000 

2/9BA. 

PXM 2 . 

46.8969 

.0062 

.0056 

21.2515 

27.1671 

1.2670 

3.2321 

.0245 

0.0000 
.1623 

100.0132 

1.0043 

.0001 

.0001 

.3806 

.4923 

.0404 

.0742 

.0010 
0.0000 

.0026 

No. atoms 4.9933 4.9961 
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SELECTED ANALYSES FROM :JAN82 : 7 , 10-12, 22-25, 28, 31 

PYROXMANGITE (ANU) * * * *************** 

2/lB. 2/lB. 2/lB. 2/lB. 2/5A. 

PXMl. PXM2. PXKJ. PXM4. PXMl, 

SI02 46.0100 46.3900 46.1100 46.3700 45.6600 

TI02 .1400 .2000 .2000 .1400 0.0000 

AL203 .1800 .1100 0.0000 0.0000 .1200 

FEO 19.9300 20.2300 19.0200 19.6500 21.2000 

hNO 27.9900 28.5300 28.6900 28.1500 28.4100 

MGO 2.1200 2.1600 2.0500 2.0600 1.3600 

CAO 3.4100 3.3700 3.8100 3.3500 2.6000 

K20 0 .0000 0.0000 0.0000 0.0000 0.0000 

NA20 .2500 .3700 .2200 .3000 \3500 

CL 0.0000 0.0000 0.0000 0.0000 0.0000 

100.0300 101.3600 100.1000 100.0200 99.7000 

O F , C L 0 .0000 0.0000 0.0000 0.0000 0.0000 

TOTAL 100.0300 101.3600 100.1000 100.0200 99.7000 

SI .9860 .9831 .9875 .9923 .9891 

TI .0023 .0032 .0032 .0023 0.0000 
AL .0045 .0027 0.0000 0.0000 .0031 

FE .3572 .3586 .3407 .3517 .3841 

m .5081 .5122 .5204 .5103 .5213 

MG .0677 .0682 .0654 .0657 .0439 

CA .0783 .0765 .0874 .0768 .0604 

K 0 .0000 0.0000 0.0000 0.0000 0.0000 
NA .0106 .0155 .0093 .0127 .0149 
CL 0 .0000 0.0000 0.0000 0.0000 0.0000 

0 ,0H,CL,F 3.0000 3.0000 3.0000 3.0000 3.0000 

tlo. atans 5.0147 5.0200 5.0140 5.0117 5.0168 

2 /5A . 2/5A. 2/5A. 2/5A-I. 2/5A-I, 
PXM2. PXM3. PXM4. PXMl. PXM3, 

SI02 45.9200 45.7000 45.5500 46.1300 46.3000 
TI02 0 .0000 0.0000 0.0000 0.0000 0.0000 
AL203 0.0000 0.0000 .2000 0.0000 .1100 
FEO 20.1500 20.2300 20.6200 21.3300 20.4700 
rtW 29.6800 29.1800 29.0500 29.1400 28.9600 
K30 1.2900 1.3500 1.3600 1.4500 1.3000 
CAO 2.8400 2.8000 2.7500 2.6500 2.8700 
K20 0 .0000 0.0000 0.0000 0.0000 0.0000 
NA20 .2000 .3600 .3100 0.0000 0.0000 
CL 0 .0000 0.0000 0.0000 0.0000 0.0000 

100.0800 99.6200 99.8400 100.7000 100.0100 
O F , a . 0 .0000 0.0000 0.0000 0.0000 0 .0000 

TOTAL 100.0800 99.6200 99.8400 100.7000 100,0100 

SI .9911 .9906 .9860 .9900 .9960 
TI 0 .0000 0.0000 0.0000 0.0000 0 .0000 
AL 0 .0000 0.0000 .0051 0.0000 .0028 
FE .3637 .3667 .3733 .3829 .3683 
hN .5426 .5358 .5327 .5297 .5277 
MG .0415 .0436 .0439 .0464 .0417 
CA .0657 .0650 .0638 .0609 .0662 
K 0 .0000 0.0000 0.0000 0.0000 0 .0000 
NA .0085 .0154 .0132 0.0000 0.0000 
CL 0 .0000 0.0000 0.0000 0.0000 0 .0000 

0 ,0H ,CL ,F 3.0000 3.0000 3.0000 3.0000 3.0000 

No. atoms 5.0131 5.0171 5.0180 5.0100 5.0026 



n - iG 

SELECTED ANALYSES FROM :JAN83 : 94, 134, 138, 140, 170-171, 205-209 

HEDENBEPGITE (AU) ***************** 

4526 /90 .6 . 4478/68.1. 4478/68.1. 4478 /68 .1 . 4478/62 .8 . 4478/62.8. 
DARK 1. HED ? 1. H£D 2. H3. Hed I . Hed 2. 

SI02 52.3226 49.1032 47.2935 46.8996 48.7712 48.6145 
TI02 .0194 .0244 0.0000 0.0000 .0090 .0230 
AL203 .1739 .1108 .1136 .0661 .0899 .1696 
FBO 12.2383 18.5682 18.0675 19.4766 18.3321 17.5578 
M Ô 8.8494 8.6804 8.7151 9.0490 8.7145 8.9159 
MGO 9.7934 2.4767 2.2476 1.8668 2.8725 3.2750 
CAO 15.7314 19.5319 19.8099 19.9954 20.4583 20.0684 
NA20 , .0223 .0220 .0366 .0212 .0376 .0186 
K20 0.0000 .0021 0.0000 0.0000 0.0000 0.0000 
ZNO 0.0000 .0762 .0636 .1349 .1710 .3026 

TOTAL 99.1507 98.5959 97.1474 97.5096 99.4561 98.9454 

SI 2.0361 2.0177 1.9898 1.9789 1.9935 1.9920 
TI .0006 .0008 0.0000 0.0000 .0003 .0007 
AL .0080 .0054 .0056 .0033 .0043 .0082 
FE .3983 .6381 .6639 .6873 .6267 .6017 
m .2917 .3021 .3106 .3234 .3017 .3095 
M3 .5680 .1517 .1409 .1174 .1750 .2000 
CA .6559 .8600 .8931 .9040 .8960 .8811 
NA .0017 .0018 ^ .0030 .0018 .0030 .0015 
K 0.0000 .0001 0.0000 0.0000 0.0000 0.0000 
2N • 0.0000 .0023 .0020 .0042 .0052 .0092 

Oxygen 6.0000 6.0000 6.0000 6.0000 6.0000 6.0000 

No. atoms 9.9602 9.9799 10.0090 10.0202 10.0056 10.0039 

4 5 2 6 / 8 9 . 2 . 4526/89.2 . 4526/89.2 . 4526 /89 .2 . 4526/89.2 
Hed' 1 . H 2 . H 3. H 4 . H 5 

SI02 54.5386 51.1835 52.0753 51.3192 51.3301 
TI02 0.0000 0.0000 0.0000 0.0000 .0322 
AL203 .1776 .0447 .1209 .0463 .1839 
FEO 16.6904 18.4906 15.1460 14.2346 15.4085 
MNO 8.1320 9.2193 6.6290 7.4644 8.3000 
MGO 8.3680 7.9197 7.6504 6.7705 6.8419 
CAO 15.6484 11.1780 18.1219 20.3172 17.4620 
NA20 .0321 .0545 .0840 .0711 0.0000 
K20 .0380 .0003 .0376 0.0000 .0019 
ZaNO .0338 .1427 0.0000 .1553 .0300 

TOTAL 103.6589 98.2333 99.8651 100.3786 99.5905 

SI 2.0509 2.0520 2.0346 2.0126 2.0278 
TI 0.0000 0.0000 0.0000 b.oooo .0010 
AL .0079 .0021 .0056 .0021 .0086 
FE ^5249 . .6200 .4949 .4669 .5091 
m .2590 .3131 .2194 .2480 .2777 
MG .4690 .4732 .4455 .3957 .4028 
CA .6305 .4802 .7586 .8538 .7392 
NA .0024 .0043 .0065 .0055 0.0000 
K .0018 .0000 .0019 0.0000 .0001 
ZN .0009 .0042 0.0000 .0045 .0009 

Oxygen 6.0000 6.0000 6.0000 6.0000 6.0000 

No. atoms 9.9473 9.9491 9.9668 9.9891 9.9670 
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SELECTED ANALYSES FROM :JANS3 : 8 5 - 8 6 , 9 3 , 100 -102 

KANOITE (AU) 

4 5 2 6 / 9 0 . 6 . 4 5 2 6 / 9 0 . 6 . 4 5 2 6 / 9 0 . 6 . 4 5 2 6 / 9 0 . 6 . , 4 5 2 6 / 9 0 . 6 ; 4 5 2 6 / 9 0 . 6 , 
P INT{2) . P I N T ( 3 ) . BRIGHT 2.GY EXSLN 1 . ,GY EXSLN 2 . GY EXSLN 3, 

S I 0 2 4 8 . 3 5 5 8 4 7 . 6 0 3 8 5 0 . 7 3 2 3 5 0 . 7 2 4 5 5 0 . 3 3 6 9 49 .8629 
T I 0 2 .0189 .0163 0 . 0 0 0 0 . 0205 0 . 0 0 0 0 0 . 0 0 0 0 
AL203 . 0 9 1 6 .0850 .0807 .0880 . 1 0 2 5 .1170 
FEO 1 7 . 4 4 4 1 16 .9876 17 .3954 1 8 . 5 4 3 3 1 8 . 8 2 9 7 1 7 . 5 2 9 2 
mo 2 0 . 1 5 3 2 19 .2389 20 .3722 1 9 . 3 9 1 3 1 8 . 6 9 7 0 1 9 . 8 3 9 4 
MOO 9 . 9 4 4 6 1 0 . 2 8 3 8 9 . 3 7 5 7 9 . 9 4 0 0 1 0 . 2 3 4 0 1 0 . 2 3 2 8 
CAO 2 . 5 8 3 1 2 . 6 3 2 7 2 . 6 6 1 6 2 . 2 7 1 1 2 . 2 1 8 6 3 . 2 8 1 6 
NA20 . 0 4 0 8 .0339 .0437 .0268 .0417 .0306 
K20 .0134 .0082 .0159 . 0 1 0 5 0 . 0 0 0 0 0 . 0 0 0 0 
2N0 . 2 7 7 6 . 1 4 6 2 .1994 .3559 . 4 0 3 1 . 2 3 8 5 
•IWAL 9 8 . 9 2 3 1 9 7 . 0 3 6 4 100 .8769 1 0 1 . 3 7 1 9 1 0 0 . 8 6 3 5 1 0 1 . 1 3 2 0 

SI 1 . 9 8 1 7 1 . 9 8 1 0 2 . 0 2 3 4 2 . 0 1 4 0 2 . 0 0 8 0 1 . 9 8 9 6 
TI . 0 0 0 6 . 0005 0 . 0 0 0 0 . 0 0 0 6 0 . 0 0 0 0 0 . 0 0 0 0 
AL .0044 .0042 . 0038 . 0 0 4 1 . 0 0 4 8 . 0 0 5 5 
FE . 5 9 7 9 .5912 .5802 .6158 . 6 2 8 2 . 5850 
W . 6996 .6782 .6882 . 6 5 2 2 . 6318 . 6 7 0 5 
MG .6074 .6378 .5573 . 5 8 8 2 .6084 . 6085 
CA .1134 .1174 .1137 . 0 9 6 6 . 0948 . 1 4 0 3 
NA . 0 0 3 3 . 0028 .0034 . 0 0 2 1 . 0 0 3 3 .0024 
K . 0 0 0 7 .0004 .0008 . 0 0 0 5 0 . 0 0 0 0 0 . 0 0 0 0 
2N - . 0084 . 0045 .0059 .0104 .0119 . 0 0 7 0 

Oxygen 6 . 0 0 0 0 6 . 0 0 0 0 6 . 0 0 0 0 6 . 0 0 0 0 6 . 0 0 0 0 6 . 0 0 0 0 

No. a t o m s 1 0 . 0 1 7 4 1 0 . 0 1 8 1 9 . 9 7 6 8 9 . 9 8 4 6 9 . 9 9 1 2 1 0 . 0 0 8 9 

SELECTED ANALYSES FROM :SEP82 : 1 0 - 1 2 , 18 

STAUBOLITE (AU) *************** 

4 4 9 6 / 2 9 . 6 . 4 4 9 6 / 2 9 . 6 . 4 4 9 6 / 2 9 . 6 . 4 4 9 6 / 2 9 . 6 
STT 1 CORE. STT RIM 1 . STT RIM 2 . STT CORil 

S I 0 2 2 7 . 2 6 9 3 2 7 . 0 0 3 1 2 7 . 0 4 9 8 2 7 . 8 4 3 9 
T I 0 2 . 1 7 7 7 .4917 . 2 0 0 7 . 5 1 7 7 
AL203 5 1 . 6 1 0 5 5 1 . 4 7 5 4 5 0 . 5 3 4 8 5 2 . 8 1 9 7 
FEO 1 0 . 5 6 3 6 1 0 . 0 9 5 6 1 0 . 6 6 1 1 1 1 . 5 8 9 4 
W O . 1 4 5 2 .1466 . 1 2 0 7 . 1 4 5 3 
MGO 1 . 4 0 1 8 1 . 2 8 3 1 1 . 3 2 6 9 1 . 4 1 0 7 
CAO 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 
NA20 . 0 9 7 9 . 0 8 2 3 . 0 7 0 1 . 0 8 7 5 
K20 0 . 0 0 0 0 .0189 0 . 0 0 0 0 0 . 0 0 0 0 
2N0 3 . 5 8 0 8 3 . 4 1 0 2 3 . 6 2 0 4 3 . 6 6 5 4 
TOTAL 9 4 . ^ 4 6 8 9 4 . 0 0 6 9 9 3 . 5 8 4 5 9 8 . 0 7 9 6 

S I 7 . 8 4 6 6 7 . 8 1 8 7 7 . 8 9 9 9 7 . 7 8 2 1 
T I . 0 3 8 5 . 1 0 7 1 . 0 4 4 1 . 1 0 8 8 AL 1 7 . 5 0 8 0 1 7 . 5 7 1 5 1 7 . 3 9 9 4 1 7 . 4 0 4 0 FE 2 . 5 4 2 1 2 . 4 4 4 7 2 . 6 0 4 0 2 . 7 0 9 0 MN . 0 3 5 4 . 0360 . 0 2 9 9 . 0344 
hC . 6 0 1 1 . 5 5 3 7 . 5 7 7 5 . 5 8 7 6 
CA 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 NA . 0 5 5 5 . 0470 . 0 4 0 3 . 0 4 8 2 
K 0 . 0 0 0 0 . 0070 0 . 0 0 0 0 0 . 0 0 0 0 ZN . 7 6 1 5 .7297 .7814 . 7 5 7 1 

Oxygen 4 6 . 0 0 0 0 4 6 . 0 0 0 0 4 6 . 0 0 0 0 4 6 . 0 0 0 0 

No. a t o m s 7 5 . 3 8 8 8 7 5 . 3 1 5 5 7 5 . 3 7 6 5 7 5 . 4 3 1 3 
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SELECTED ANALYSES FROM :JAN83 : 2 7 , 3 0 , 2 2 2 - 2 2 3 , 210 

STAUBOLITE (AU) 

4502 /29 .9 . 4502/ 29 . 9 . 4496/26.9 . 4496 /26 .9 . 4496/32. 
STT I . STT 2. Staur 1. Staur 2 . S t a u c o l i t e 

SI02 24.5022 27.4175 28.5552 28.4720 29.6031 
TI02 .5070 .4668 .1049 .1516 .3879 
AL203 46.9727 51.6854 51.9024 51.2780 53.3757 
FEO 11.8344 11.8342 11.9947 11.9430 11.6472 
WO .1154 .1022 .0977 .1506 .1500 
M30 1.2127 1.2934 1.4066 1.3282 1.5822 
CAO O'.OOOO 0.0000 0.0000 0.0000 0.0000 
NA20 .0982 .0940 .1266 .1180 .1115 
K20 1 .0143 0.0000 .0045 0.0000 0.0000 
ZNO 3.0652 3.2315 4.2672 4.0210 2 .5219 

TOTAL 88.3221 96.1250 98.4598 97.4624 99.3795 

SI 7.6670 7.8176 7.9829 8.0333 8.0874 
TI .1193 .1001 .0221 .0322 .0797 
AL 17.3282 17.3740 17.1061 17.0567 17.1911 
FE 3.0970 2.8220 2.8044 2.8182 2.6611 
W .0306 .0247 .0231 .0360 .0347 
y c .5655 .5496 .5860 .5585 .6442 
CA 0.0000 0.0000 O.OOQO 0.0000 0.0000 
NA .0606 .0528 .0698 .0656 .0600 
K .0057 0.0000 .0016 0.0000 0.0000 
ZN .7088 .6809 .8816 .8384 .5092 

Oxygen 46.0000 46.0000 46.0000 46.0000 46.0000 

tJo. atoms 75.5827 75.4217 75.4777 75.4390 75.2673 

SELECTED ANALYSES FROM :JAN83 : 20 , 21, 23 , 154, 198, 213-214, 216 

CHLORITES (AU) ************** 

4 5 0 2 / 9 1 . 6 . 4502 /91 .6 . 4502 /91 .6 .4483 /149 .1 . 4 4 9 6 / 9 8 . 4 . 4 4 9 6 / 3 2 . . 4 4 9 6 / 8 5 . 7 . 4496/85.7. 
UNK3. YELL CHL. CHL s p o t l . CHL?. CHL 1 . C h i . Ch i . Chi, 

SI02 25.2080 24.8648 21.9214 20.7613 25.4498 23.8958 25.9184 24.9618 
TI02 .0143 .0395 0.0000 .0112 .0622 .0199 .0747 .0523 
AL203 20.7537 24.2633 22.5508 22.0478 21.4939 20.2024 20.9598 19.1001 
FEO 35.1549 37.7737 40.6648 41.1754 23.0228 22.1197 31.9802 33.1143 
WO .9660 .1111 .1295 1.1349 .2506 .0907 1.1460 1.4253 
MGO 4.2342 7.7270 2.7947 .5266 14.0196 13.9512 8.4692 5.4584 
CAO 0.0000 .0623 0.0000 0.0000 0.0000 0.0000 0.0000 .0556 
NA20 .0168 .0548 .0020 0.0000 0.0000 0 .0000 .0499 .0435 
K20 .8775 .0090 0.0000 .0286 0.0000 .0132 0.0000 .0711 
ZNO .1123 .2947 .1831 .2376 .4082 .0819 .5526 .1923 

TOTAL 87.3377 95.2002 88.2463 85.9234 84.7071 80.3748 89.1508 84.4747 

SI 5.6772 5.1102 5.0253 4.9726 5.4957 5.4404 5.5906 5.7713 
TI .0024 .0061 0.0000 .0020 .0101 .0034 .0121 .0091 
AL 5.5103 5.8788 6.0945 6.2256 5.4719 5.4225 5.3300 5.2062 
FE 6.6215 6.4925 7.7962 8.2478 4.1578 4.2118 5.7691 6.4030 
htJ .1843 .0193 .0251 .2302 .0458 .0175 .2094 .2791 
MS 1.4212 2.3667 .9548 .1880 4.5118 4.7337 2.7225 1.8808 
CA 0.0000 .0137 0.0000 0.0000 0.0000 0 .0000 0.0000 .0138 
NA .0075 .0222 .0009 0.0000 0.0000 0.0000 .0212 .0198 
K .2521 .0024 0.0000 .0087 0 .0000 .0038 0.0000 .0210 
ZN .0187 .0448 .0310 .0421 .0651 .0138 .0881 .0329 

Oxygen 28.0000 28.0000 28.0000 28.0000 28.0000 28.0000 28.0000 28.0000 

No. atoms 47.6952 47.9566 47.9279 47.9170 47.7583 47.8469 47.7430 47.6369 
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SELECTED AllALYSES FROM :JAN82 : 73-75, 139, 149-150, 205 

aiLORITES (ANU) 
A************** 

TOTAL 

4496/67.3. 4496/67.3. 4496/67.3. 4502/37.3. 4502/42.1. 4502/42.1. 4502/42.1. 
CHL2. CHL 3. CHL lA. CHL. aJL 1. CHL2. CHL 3 

5102 20.8900 21.1700 22.7500 24.5600 24.5800 25.1500 23.9900 

TI02 .2800 0.0000 .1300 .2300 .3500 .1200 .2000 

AL203 16.5100 16.6000 18.7100 19.4600 20.1400 18.1400 20.6100 
FEO 26.1500 27.2600 28.5500 37.9600 33.9200 40.9500 34.0500 
W O .6100 .7600 .6600 .4800 .4000 .5900 .4100 

MX) 9.5300 9.1400 11.0700 4.8400 7.4200 4.1500 7.2000 
CAO .1200 .1000 .0700 0.0000 0.0000 .1800 0.0000 
K20 .0700 0.0000 O.OOOO .0900 • .1900 0.0000 0.0000 
NA20 .4000 .4900 .3600 .1300 .3200 .2900 .1800 
CX .1600 .1800 .0800 0.0000 0.0000 .0600 0.0000 

74.0462 74.9420 82.043L 87.7500 87.3200 89.3773 86.6400 
0=F,CL .0674 .0758 .0337 0.0000 0.0000 .0253 0.0000 

74.0462 74.9420 82.0431 87.7500 87.3200 89.3773 86.6400 

SI 5.3950 5.4284 5.3049 5.5714 5.4838 5.6827 5.3971 
TI .0544 0.0000 .0228 .0392 .0587 .0204 .0338 
AL 5.0268 5.0182 5.1435 5.2043 5.2972 4.8322 5.4663 
FE 5.6481 5.8459 5.5677 7.2017 6.3290 7.7384 6.4065 
tt^ .1334 .1651 .1304 .0922 .0756 .1129 .0781 
MG 3.6680 3.4928 3.8470 1.6363 2.4671 1.3975 2.4140 
CA .0332 .0275 .0175 0.0000 0.0000 .0436 0.0000 
K .0231 0.0000 0.0000 .0260 .0541 0.0000 0.0000 
NA .2036 .2476 .1654 .0581 .1407 .1291 .0798 
CL .0000 .0000 .0000 0.0000 0.0000 .0000 0.0000 

0,0H,CL,F 28.0000 28.0000 28.0000 28.0000 28.0000 28.0000 28.0000 

NO. atoms 48.1856 48.2254 48.1991 47.8294 47.9063 47.9568 47,8758 

SELECTED ANALYSES FROM :JAN83 : 127-129, 145, 152 

PYROSMALITE (AU) 

2/9B. 2/9B. 2/9B. 2/9B. 2/9A. 
PYROS 1. PYROS 2. PYROS 3.P1(PRIM)PS. PYROS-CL, 

SI02 34.2335 34.9515 34.1265 34.7858 33.6036 
TI02 0.0000 0.0000 0.0000 .0056 0.0000 
AL203 .0175 .0223 .0149 .0093 .0162 
FEO 29.0049 28.5247 28.7450 26.9088 28.0356 
hWO 22.2800 22.6585 22.9390 24.6293 23.8507 
MGO .4721 .5155 .4472 .4092 .4594 
CAO .0977 .0895 .0477 .1139 .0752 
NA20 .0212 .0359 .0751 .0121 .0368 
K20 .0169 .0076 .0105 0.0000 0.0000 
ZNO 0.0000 0.0000 0.0000 .0342 0.0000 

TOTAL 86.1438 86.8055 86.4059 86.9082 86.0775 

SI 6.0877 6.1375 6.0643 6.1171 6.0L75 
TI 0.0000 0.0000 0.0000 .0007 0.0000 
AL .0037 .0046 .0031 .0019 .0034 
FE 4.3137 4.1891 4.2720 3.9575 4.1987 
W 3.3560 3.3703 3.4528 3.6687 3.6178 
M3 .1251 .1349 .1184 .1072 .1226 
CA .0186 .0168 .0091 .0215 .0144 
NA .0074 .0124 .0263 .0042 .0130 
K .0038 .0017 .0024 0.0000 0.0000 
ZN 0.0000 0.0000 0.0000 .0044 0.0000 

Oxygen 20.0000 20.0000 20.0000 20.0000 20.0000 

No. atoms 33.9161 33.8673 33.9486 33.8832 33.9875 

SELECTED ANALYSES FROM :SEP82 : 23, 

CHLORITE (AU) ************* 

4502/25.4. 4502/25.4 
CHL 1. CHL2 

SI02 23.9330 20.1177' 
TI02 .1112 0.0000 
AL203 20.6840 20.0489 
FEO 33.8951 32.1169 
hMO .2491 .1780 
M30 5.3478 3.7087 
CAO 0.0000 0.0000 
NA20 .0080 .0237 
K20 .1536 0.0000 
ZNO .0848 .8763 

lUrAL 84.4666 77.0702 

SI 5.5242 5.1727 
TI .0193 0.0000 
AL 5.6285 6.0773 
FE 6.5431 6.9063 
MN .0487 .0388 
MG 1.8396 1.4211 
OA 0.0000 0.0000 
NA .0036 .0120 
K .0452 0.0000 
ZN .0145 .1665 

Oxygen 28.0000 28.0000 

No. atoms 47.6666 47.7946 
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SELECTED ANALYSES FROM :JAN83 : 136, 150 

MANGANPYR9SMALITE (AU) * * * * * * * * * * * * * * * * * * * * * * 

4478/68.1 . 2/9B. 

MN-PYROS. MNPYROS?. 

SI02 32.9609 31.1433 

TI02 .0047 0.0000 

AL203 .0401 .0240 

FEO 26.0845 19.1962 

KHO 25.8192 27.9390 

M30 .1224 .3762 

CAO .1098 .1756 

NA20 0.0000 .0072 

K20 0.0000 0.0000 

ZNO .0256 0.0000 

TOTAL 85.1672 78.8615 

SI 5.9927 6.0587 

TI .0006 0.0000 

AL .0086 .0055 

FE 3.9662 3.1232 

W 3.9763 4.6040 

MG .0332 .1091 

CA .0214 .0366 

NA 0.0000 .0028 

K 0.0000 0.0000 

ZN .0034 0.0000 

Oxygen 20.0000 20.0000 

No. atoms 34.0024 33.9398 

SELECTED ANALYSES FROM :SEP82 : 28, 31, 34 

PYROSMALITE (AU) 

2/9BA. 2/9BA. 2/9BA. 

K?l. UNK 3. 2/K2, 

SI02 35.3907 34.9783 35.0887 
TI02 0.0000 .0303 0.0000 

AL203 0.0000 .0194 .0622 
FEO 28.7605 29.1218 28.7380 
hWO 23.0740 23.5382 23.2096 
MGO .4502 .4126 .4538 
CAO .1449 .0663 .1003 
NA20 .0361 0.0000 .0172 
K20 .0018 0.0000 0.0000 
ZNO .0793 .0840 .0431 

TOTAL 87.9375 88.2509 87.7129 

SI 6.1388 6.0791 6.1123 
TI 0.0000 .0040 0.0000 
AL 0.0000 .0040 .0128 
FE 4.1722 4.2328 4.1867 

W 3.3902 3.4652 3.4246 

M3 .1164 .1069 .1178 
CA .0269 .0123 .0187 
NA .0123 0.0000 .0059 
K .0004 0.0000 0.0000 
ZN .0102 .0108 .0055 

Oxygen 20.0000 20.0000 20.0000 

NO. atone 33.8676 33.9150 33.8843 

SELECTED ANALYSES FROM :JAN83 : 3, 72, 45, 155 

SERICITE (AU) * * * * * * * * * * * * * 

SELECTED ANALYSES FROM :JAN82 : 123-124 

SERICITE (ANU) 

4502 /16 .6 . 1 /2 .4502/47 .lC.4483/149.1 . 
* * * * * * * * * * * * * * 

Mu/Ser. SERICITE. SER. SER. 
4502/19.3 . 4502/19.3 . 

SI02 45.5379 52.1609 46.4457 46.4143 SER 1. SER 2 . 

TI02 .6015 .0625 0.0000 .0112 
AL203 31.7494 38.2515 33.8315 27.3933 SI02 42.9800 45.8500 
FE» .8360 .9810 2.6466 7.0587 TI02 .2500 .1800 

W O .0109 .0333 .0417 .2615 AL203 33.6600 35.8500 

MGO .8725 .7757 .6371 .7769 FBO .9400 .9500 

CAO .0280 .0177 0.0000 0.0000 hWO 0.0000 0.0000 

NA20 .1705 .1036 .1891 .0199 MGO .4700 .8300 

K20 11.3353 8.6093 11.4489 10.7301 CAO .1400 0.0000 

ZNO .0265 .1637 .1564 .2753 lao 10.7900 9.7900 .2753 
NA20 .1100 .3700 

TOTAL 91.1685 101.1592 95.3970 92.9412 CL 0.0000 .0500 

89.3400 93.6595 

SI 6.3575 6.3824 6.2487 6.5608 0«F,CL 0.0000 .0211 

TI .0632 .0058 0.0000 .0012 
AL 5.2256 5.5179 5.3661 4.5650 
FE .0976 .1004 .2978 .8345 TOl'AL 89.3400 93.6595 
MH .0013 .0035 .0048 .0313 
MG .1815 .1415 .1277 .1637 
CA .0042 .0023 0.0000 0.0000 SI 6.1206 6.1519 
NA .0469 .0250 .0501 .0055 TI .0268 .0182 
K 2.0190 1.3440 1.9651 1.9350 AL 5.6511 5.6708 

ZN .0027 .0148 .0156 .0288 FE .1120 .1066 
tti 0.0000 0.0000 

MG .0997 .1660 
Oxygen 22.0000 22.0000 22.0000 22.0000 CA .0214 0.0000 

K 1.9603 1.6758 
NA .0309 .0978 

No. atoms 35.9996 35.5373 36.0759 36.1257 CL 0.0000 .0000 

0,0tl,CL,F 22.0000 22.0000 

No. atoms 36,0226 35'.8871 
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SELECTED ANALYSES FROM :JAN83 : 22, 24 SEI.E3CTED ANALYSES FROM :JAN83 : 176-177 

PARAGONITE, (AU) *************** STILPNOMELANE (AU) ****************** 

4502/91.6. 4502/91.6. 4483/116.1.4483/116.1. 
PABAG 1. PARAG 2. Mn-Bi?. Bi 2 ?. 

SI02 46.5704 45.1989 SI02 46.0775 45.2867 
TI02 .0012 .0161 TI02 .0693 0.0000 
AL203 36.8154 36.5285 AL203 4.7113 4.6021 
FEO 3.5986 1.2355 FEO 30.9691 30.4896 
hWO .2746 .0929 MNO 9.7477 10.0140 
MGO .2542 .0923 MGO 1.1393 1.0930 
CAO .1809 .1798 CAO 0.0000 0.0000 
NA20 6.7632 6.2487 NA20 .0325 .0488 
K20 .9082 1.8796 K20 4.1196 4.1862 
ZNO .0813 .1123 ZNO • .0669 .0154 

•IXJTAL 95.4480 91.5846 TOTAL 96.9332 95.7358 

SI 6.0493 6.0670 SI 11.9204 11.8956 
TI .0001 .0016 TI .0135 0.0000 
AL 5.6379 5.7805 AL 1.4369 1.4251 
FE .3909 .1387 FE 6.7005 6.6980 
hW .0302 .0106 MN 2.1361 2.2281 
MG .0492 .0185 M2 .4393 .4279 
CA .0252 .0259 CA 0.0000 0.0000 
NA 1.7314 1.6530 NA .0166 .0253 
K .1505 .3219 K 1-3597 1.4029 
ZN .0078 .0111 ZN .0128 .0030 

Oxygen 22.0000 22.0000 Oxygen 36.0000 36.0000 

No. atoms 36.0727 36.0286 No. atones 60.0357 60.1060 

SELECTED ANALYSES FROM :JAN83 : 217 SELECTED ANALYSES FROM :JAN83 : 184-185, 187-188 

BERTOIERINE (AU) **************** •STURTITE'- HISINGERITE *********************** 

SI02 
TI02 
AL203 
FEO 
hWO 
MGO 
CAO 
NA20 
K20 
ZNO 

TOTAL 

SI 
TI 
AL 
FE 
m 
MG 
CA 
NA 
K 
ZN 

Oxygen 

4496/85.7. Sturtite. Sturtite. Sturtite, Sturtite. 
Berth?. His 1. HIS 2. HIS 3. HIS 4 
19.3294 SI02 27.7137 45.0424 43.6524 44.9521 
.0073 TI02 .0076 0.0000 0.0000 .0141 

14.5851 AL203 .1318 .0867 .0809 .1003 
34.3367 FEO 17.7986 24.7893 22.1536 24.8574 
1.5545 hWO 11.4449 21.6812 21.1920 21.2419 
3.5905 MGO .5628 .2511 .2002 .2262 
0.0000 CAO .2425 .7348 .3600 .3888 .0261 NA20 1.0109 3.9034 13.2101 .3380 
.0420 K20 .0407 .0361 .3099 .1031 .1249 ZNO .0438 0.0000 .0668 0.0000 

73.5965 IX/TAL , 58.9973 SC.5250 101.2259 92.2219 

2.7064 SI 1.0089 1.0057 .9498 1.0371 .0008 TI .0002 0.0000 0.0000 .0002 2.4075 AL .0057 .0023 .0021 .0027 
4.0207 FE .5419 .4629 .4031 .4796 .1844 m .3529 .4100 .3906 .4151 
.7492 MG .0305 .0084 .0065 .0078 

0.0000 CA .0095 .0176 .0084 .0096 .0072 NA .0725 .1718 .5665 .0154 .0075 K .0019 .0010 .0086 .0030 .0129 ZN .0012 0.0000 .0011 0.0000 

14.0000 Oxygen 3.0000 3.0000 3.0000 3.0000 

24.0965 No. atoms 5.0252 5.0796 5.3367 4.9705 



SELEXn'ED ANALYSES fWDM :JAN83 : 31 

li - J 2 

StLFXrrtI) ANALYSES FROM :JAN83 : 32, 48, 49 

GREENALITE? (AU) ********* "PUG" (AU) 

4502/48.6. 4502/48.6. 4502/48.6. 4502/48.6. Dts' PUG. WHITE PUG. UN PUG 2. CLEARPUG2. 
SI02 29.3517 SI02 26.7766 28.0915 26.6304 
TI02 0.0000 TI02 0.0000 0.0000 .0109 
AL203 8.9074 AL203 20.7263 16.1344 19.3879 FEO 35.9028 FEO 29.7996 33.4389 31.0567 
MNO .8951 W O .4248 .7365 .5244 
MGO 3.9686 MGO 8.6957 6.8408 7.7205 
CAO .5257 CAO .0025 .1634 .0838 
NA20 .0217 NA20 .0153 .0279 .0351 
K20 .1008 K20 .0202 .0684 .0518 
ZNO .0514 ZNO o.dooo .1265 0.0000 
TOTAL 79.7252 TOTAL 86.4610 85.6283 85.5015 

SI 3.6742 SI 2.9178 3.1757 2.9673 TI 0.0000 TI 0.0000 0.0000 .0009 AL 1.3145 AL 2.6626 2.1504 2.5469 FE 3.7586 FE 2.7157 3.1615 2.8941 W .0949 W .0392 .0705 .0495 M3 .7404 MG 1.4122 1.1525 1.2821 CA .0705 CA .0003 .0198 .0100 NA .0054 NA .0033 .0062 .0077 K .0161 K .0028 .0099 .0074 ZN .0048 ZN 0.0000 .0106 0.0000 

Oxygen 14,0000 Oxygen 14.0000 14.0000 14.0000 

No. atoms 23.6792 NO. atoms 23.7539 23.7572 23.7660 

SELECTED ANALYSES FROM :JAN83 : 125-126 

SPHENE (AU) *********** 

SI02 
TI02 
AL203 
FEO 
MNO 
M30 
CAO 
NA20 
K20 
ZNO 
TOTAL 

2/9B. 
SPHENE 1. 

31.6320 
32.8558 
2.4317 
2.4302 
.7269 
.3046 

26.4980 
.0564 
.0437 
.1554 

97.1347 

2/9B. 
SPHENE 2. 

31.5876 
32.4145 
2.0507 
2.8351 
1.0300 
.2671 

25.9735 
.0040 
.0008 
.0821 

96.2454 

SI 
TI 
AL 
FE 
m 
M3 
CA 
NA 
K 
ZN 

1.0638 
.8310 
.0964 
.0684 
.0207 
.0153 
.9548 
.0037 
.0019 
.0039 

1.0737 
.8286 
.0822 
.0806 
.0297 
.0135 
.9460 
.0003 
.0000 
.0021 

Oxygen 5.0000 5.0000 

No. atotns 8.0598 8.0567 



II - 33 

SELEXrrm ANALYSES FROM :JAN82 : 37 , 14 5-146 

ILMENITE (ANU) 

SEL-LJCRRO ANALYSES FFOM :SEP82 : 13, 24 , 39 

2 / 7A . 4 5 0 2 / 3 7 . 3 . 4 502 / 37 . 3 

ILM 1. ILM 1 . ILM 2, 

S102 0 . 0 0 0 0 0 .0000 0 .0000 

TI02 52 . 4400 50 .3600 44 .9300 

AL203 0 . 0 0 0 0 0 .0000 0 .0000 

FED 44 . 9900 43 .7200 39 .0200 

M W 3 .3100 4 . 4200 3 .9100 

MGO 0 . 0 0 0 0 1 .3200 1 .1800 

CAO 0 . 0000 0 . 0000 0 . 0000 

K20 0 . 0 0 0 0 0 . 0000 0 . 0000 

NA20 0 . 0 000 .1900 .1800 

CL 0 . 0 0 0 0 0 . 0000 0 . 0000 

100 .7400 100.0100 89 .2200 

0=F,CL 0 .0000 0 . 0000 0 . 0000 

aOTAL 

0,0H,CL,F 

No. atQTis 

100.7400 100.0100 

3.0000 

5.0083 

3.0000 

5.0436 

89 .2200 

SI 0 . 0 0 0 0 0 .0000 0 .0000 

TI . 9917 .9612 .9612 

AL 0 . 0 0 0 0 0 . 0000 0 .0000 

FE .9461 .9279 .9283 

MN . 0705 .0950 .0942 

MG 0 . 0 0 0 0 .0499 .0500 

CA 0 . 0 0 0 0 0 . 0000 0 .0000 

K 0 .0000 0 . 0000 0 . 0000 

NA 0 . 0 0 0 0 .0095 .0101 

CL 0 . 0 0 0 0 0 . 0000 0 . 0000 

3.0000 

5 .0438 

ILMENITK (AU) 

4 4 9 6 / 2 9 . 6 . 4 5 0 2 / 2 5 . 4 . 4 4 9 6 / 2 9 . 6 . 

ILM 1 . ILM 1 . ILM 2 . 

SI02 .0274 .0268 .0387 

TI02 51 .9244 51 . 2718 52 .7263 

AL203 .0432 .0073 .0108 

FEO 36 .4796 38 .7767 37 .1466 

MNO .6212 2 . 0296 .6135 

MGO .2100 .0313 .2028 

CAO 0 . 0000 0 . 0 0 0 0 0 . 0 000 

NA20 ' 0 . 0 0 0 0 .0023 0 . 0 0 0 0 

K20 .0061 . 0305 .0014 

ZNO .0540 0 . 0 0 0 0 .0419 

TOTAL 89 .3659 92 . 1763 90 .7820 

SI 

TI 

AL 
FE 
W 
MG 
CA 
NA 
K 
ZN 

Oxygen 

No. atoms 

.0007 .0007 .0010 

1 .0687 1 .0384 1 .0686 

.0014 . 0002 .0003 

.8349 .8733 .8372 

.0144 .0463 .0140 

.0086 .0013 .0081 

0 . 0 000 0 . 0 0 0 0 0 . 0 0 0 0 

0 . 0000 .0001 0 . 0 000 

.0002 .0010 .0000 

.0011 0 . 0 0 0 0 .0008 

3 .0000 3 . 0 000 3 . 0 000 

4 . 9300 4 . 9614 4 . 9302 

SELECTHD ANALYSES FROM :JAN83 : 163, 37-38 

CALCITE 

SELECTED ANALYSES FROM :JAN83 : 11, 75 

ILMENITE (AU) 

4483/143.6. 4502/48.6. 4502/48.6 
MnCcl. 003. C03 (tl) 

SI02 .0191 .0542 .0155 
TI02 0.0000 0.0000 .0163 
AL203 .0145 .0093 .0098 
FEO 1.1065 1.4560 .5410 
ttK> 3.4170 9.0311 8.4969 
MGO .1578 .0658 .0088 
CAO 48.9382 46.3622 23.6379 
NA20 0.0000 .0171 .0249 
K20 0.0000 0.0000 .0114 
ZNO 0.0000 .0138 .0943 

•IWAL 53.6531 57.0095 32.8568 

SI .0003 .0009 .0005 
TI 0.0000 0.0000 .0004 
AL .0003 .0002 .0003 
FE .0164 .0207 .0136 
fH .0512 .1301 .2170 
MG .0042 .0017 .0004 
CA .9272 .8449 .7637 
NA 0.0000 .0006 .0015 
K 0.0000 0.0000 .0004 
ZN 0.0000 .0002 .0021 

Oxygen 1.0000 1.0000 1.0000 

No. atoms 1.9995 1.9993 2.0000 

4502/75.9. V2. 
ILM 1. ILMENITE, 

SI02 .0130 .0321 
TI02 52.9409 52.0602 
AL203 0.0000 0.0000 
FEO 45.2022 44.2791 
W O 1.4236 1.6498 
MGO .1046 .2149 
CAO 0.0000 0.0000 
NA20 0.0000 .0195 
K20 0.0000 0.0000 
ZNO .0419 .0259 

TOTAL 99.7262 98.2815 

SI .0003 .0008 
TI 1.0050 1.0026 
AL 0.0000 0.0000 
FE .9542 .9483 
W .0304 .0358 
MG .0039 .0082 
CA 0.0000 O.OOOO 
NA 0.0000 .0010 
K 0.0000 0.0000 
ZN .0008 .0005 

Oxygen 3.0000 3.0000 

No. atoms 4 . 9 9 4 7 4.9971 



SELECTED ANALYSES FROM 1 :JAN83 : 5, 6 SELECTED ANALYSES FROM :J; SELECTED ANALYSES FROM :JAN82 : 125, 126, i: 

ANORTHITE (AU) ORTHOCLASE (AU) ORTHOCLASE (ANU) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

4502/16.6. 4502/16.6. V 2 . 4502/19.3. 4502/19.3. 4502/19.3. 
FLAG 1. PLAG 2. ORTHOCLASE. FSPR 1. FSPR 2. FSPR 3. 

SI02 42.9317 42.5554 SI02 63.6080 SI02 61.8500 61.8600 63.0300 
TI02 0.0000 .0212 TI02 .0173 TI02 0.0000 0.0000 0.0000 
AL203 32.7135 32.2777 AL203 18.4817 AL203 18.4000 18.4600 18.5700 
FEO .0634 .0353 FEO .0341 FEO 0.0000 0.0000 0.0000 
MNO .0443 .0007 MNO 0.0000 1^0 0.0000 0.0000 0.0000 
MGO .0046 0.0000 MGO 0.0000 MGO 0.0000 0.0000 0.0000 
CAO 19.7715 19.8508 CAO .0378 CAO .1100 .1400 .1600 
NA20 .3199 .3158 NA20 .6819 K20 15.8800 15.8600 16.2300 
K20 .0219 .0062 K20 15.5612 NA20 .2400 .2300 .3300 
ZNO .0150 .0152 ZNO .0646 CL 0.0000 0.0000 0.0000 

TOTAL 95.8858 95.0783 TOTAL 98.4866 96.4800 96.5500 98.3200 
OF,CL 0.0000 0.0000 0.0000 

SI 2.0773 2.0778 SI 2.9821 
TI 0.0000 .0008 TI .0006 TOTAL 96.4800 96.5500 98.3200 
AL 1.8661 1.8580 AL 1.0215 
FE .0026 .0014 FE .0013 
MN .0018 .0000 0.0000 SI 2.9678 2.9659 2.9705 
MG .0003 0.0000 MG 0.0000 TI 0.0000 0.0000 0.0000 
CA 1.0251 1.0385 CA .0019 AL 1.0409 1.0434 1.0318 
NA .0305 - .0304 NA .0630 FE 0.0000 0.0000 0.0000 
K .0014 .0004 K .9308 t^ 0.0000 0.0000 0.0000 
ZN .0005 .0005 ZN .0022 MG 0.0000 0.0000 0.0000 

CA .0057 .0072 .0081 
K .9721 .9701 .9759 

Oxygen 8.0000 8.0000 Oxygen 8.0000 NA .0227 .0217 .0307 
CL 0.0000 0.0000 0.0000 

No. atoms 13.0055 13.0080 No. atoms 13.0034 

f 
0,OH,CL,F 8.0000 8.0000 8.0000 

No. atoms 13.0091 13.0084 n.oi6s 



PLAGIOCLASE (M.l.M.) ORTHOCLASE (M.l.M.) 

4502/16.6 A!>02/16.6 4502/16.6 4502/16.6 4502/16.6 

A n l A n 2 A n 9 An 4 An 14 

4502/19.3 

KF 1 

4502/19.3 

KF 2 

4502/19.3 

KF 3 

4502/19.3 

KF 4 

4502/19.3 

KF 5 

SiO^ 

TiO^ 

AI2O3 

FeO 

MgO 

CaO 

Na20 

K^O 

TOTAL 

43.30 

0.00 

35.55 

0.03 

0.22 

19.95 

0.25 

0.00 

99.30 

43.72 

0.08 
35.75 

0.07 

0.07 

20.56 

0.26 
0.04 

100.55 

44.05 

0.03 

34.56 

0.00 

0.12 

19.13 

0.98 

0.20 

99.07 

43.10 

0.00 

35.46 

0.01 

0.00 

20.08 

0.19 

0.00 

98.84 

43.03 

0.05 

35.61 

0.00 
0.00 
20.10 
0.24 

0.00 

99.03 

SiO^ 

Al^O^ 

FeO 

CaO 

Na^O 

KjO 

PbO 

TOTAL 

63.73 

19.66 

.06 

.02 
0.46 

15.59 

1.84 

101.37 

63.55 

19.67 

0.00 
0.00 
0.48 

15.75 

2.29 

101.74 

63.82 

19.64 

0.00 
0.03 

0.46 

15.65 

1.71 

101.30 

64.07 

19.60 

0.00 
0.16 
0.41 

15,40 

1.68 

101.32 

62.69 

19.30 

0.03 

0.00 
0.45 

15.58 

1.22 

99.27 

Si 

Ti 

A1 

Fe 

Mg 

Ca 

Na 

K 

2.021 

0.000 

1.955 

0.001 

0.015 

0.998 

0.023 

0.000 

2.023 

0.003 

1.946 

0.003 

0.005 

1.004 

0.024 

0.002 

2.061 

0.001 

1.906 

0.000 

0.009 

0.959 

0.089 

0.012 

2.021 

0.000 

1.960 

0.001 

0.000 

1.009 

0.018 

0.000 

2.015 

0.002 

1.965 

0.000 

0.000 

1.008 

0.021 

0.000 

Si 

A1 

Fe 

Ca 

Na 

K 

Pb 

Oxygen 

2.944 

1.071 

0.002 

0.001 

0.042 

0.919 

0.023 

2.939 

1.072 

0.000 

0.000 
0.043 

0.929 

0.029 

2.947 

1.069 

0.000 

0.001 

0.041 

0.922 

0.021 

2.952 

1.064 

0.000 
0.008 
0.037 

0.905 

0.021 

2.946 

1.069 

0.001 
0.000 
0.041 

0.934 

0.015 

U) 
U1 

Oxygen 



GAHNITE (M.I.M.) HERCYNITE (M.I.M.) 

4502/47.Ic 4502/47.Ic 4502/47.Ic 4502/47.Ic 4502/19.3 4502/19.3 4502/19.3 4502/19.3 4502/19.: 

GAH 1 GAH 2 GAH 3 GAH 4 He 1 He 2 He 3 He 4 He 5 

SiO^ 0.21 0.39 0.25 0.03 Si02 0.05 0.03 0.02 0.03 0.02 
AI2O3 56.89 57.06 56.60 56.36 TiO, 0.00 0.00 0.00 0.01 0.00 

FeO 6.41 6.58 7.52 7.84 AI2O3 57.26 57.65 57.60 57.71 57.03 

MnO 0.09 0.04 0.20 0.15 FeO 22.25 22.22 22.62 21.78 22.07 

MgO 0.00 0.00 0.00 0.00 MnO 0.18 0.10 0.13 0.14 0.14 

ZnO 36.50 36.66 36.35 35.32 MgO 1.51 1.46 1.48 1.39 1.38 
CaO 0.01 0.00 0.00 0.00 0.00 

TOIAL 100.13 100.74 100.92 99.70 Na20 0.59» 0.54 0.55 0.59 0.59 
IĈ O 0.01 0.02 0.00 0.00 0.01 
Cr^Oj 0.15 0.11 0.15 0.10 0.11 

Si 0.006 0.011 0.008 0.001 ZnO 17.98 17.80 17.90 18.30 18.11 
A1 2.G10 2.003 1.994 2.006 
Fe 0.161 0.164 0.188 0.198 TOTAL 99.97 99.92 100.45 100.08 99.47 

Mn 0.003 0.001 0.005 0.004 
Mg 0.000 0.000 0.000 0.000 
Zn 0.808 0.806 0.802 0.788 Si 0.001 0.001 0.001 0.001 0.001 

Ti 0.000 0.000 0.000 0.000 0.000 

Oxygen 4 4 4 4 A1 1.980 1.989 1.982 1.990 1.983 
Fe 0.546 0.544 0.552 0.545 0.545 
Mn 0.004 0.003 0.003 0.004 0.004 
Mg 0.066 0.064 0.064 0.061 0.061 
Ca 0.000 0.000 0.000 0.000 0.000 
Na 0.033 0.030 0.031 0.034 0.034 
K 0.000 O.UOl 0.000 0.000 0.001 
Cr 0.004 0.003 0.003 0.002 0.003 
Zn 0.389 0.385 0.386 0.395 0.395 

Oxygen 4 4 4 4 U 

U> 
CTi 

• Thtese high Na values are probably due to peak overlap with Zn. 



GREEN 
BIOTITES 

BROWN SERICITE 
BIOTITE 

GREEN BIOTITES (M.l.M.) vn.x.M.; VM.J..M.; : 
CON'T 

4502/47.Ic 4502/47.Ic 4502/47.Ic 4502/47.Ic 4502/47.10 

4502 4502 4502 4502 4502 4502 Bt 1-Gn Bt 2-Gn Bt 3-Gn Bt 4-Gn Bt 5-Gn 

/47.1c /19.3 /47.1c /47.1c /16.6 /16.6 
Bt 7-Gn Bt 2-en Ser 1 Ser 2 Ser 2 Ser 3 SiO, 33.23 33.49 32.99 34.04 32.81 

TiO^ 0.11 0.10 0.09 0.11 0.07 

SiOj 32.85 34.96 45.73 45.47 45.96 48.85 AI2O3 18.34 18.14 18.35 18.12 18.28 

Ti02 0.07 2.87 0.00 0.00 0.11 0.06 FeO 25.39 25.18 26.40 26.18 26.74 

Al^Oj 18.35 19.41 33.50 34.53 35.83 31.63 MnO 0.21 0.20 0.29 0.25 0.29 

FeO 27.01 21.17 2.17 2.13 0.81 1.52 MgO 5.93 6.00 5.52 5.69 5.31 

MnO 0.28 0.08 0.00 0.02 n.a.» n.a.* CaO 0.00 0.00 0.00 0.00 0.00 

MgO 5.28 6.38 0.51 0.55 0.59 1.72 Na20 0.10 0.02 0.15 0.12 0.10 

CaO 0.03 0.00 0.01 0.00 0.26 0.08 K^O 9.03 8.89 8.80 9.14 8.50 

Ua^O 0.12 0.17 0.17 0.18 0.15 0.14 Cl^O 0.67 0.67 0.74 0.73 0.79 

K^O 8.45 9.53 10.22 10.47 11.36 11.34 F^O 0.00 1 . 2 0 0 . 0 0 0.00 1 . 5 2 

CI2O 0.64 0.15 0.00 0.00 0.01 0.10 
F^O 0.74 0.00 0.00 2 . 3 1 n.a.-» n.a.* TOTAL 9 2 . 9 9 9 3 . 9 1 9 3 . 3 3 94.38 9 4 , 4 2 

TOTAL 5^4.02 94.66 9 2 . 3 1 5 /5 .15 95.08 95.44 
Si 5 . 3 9 1 5 . 3 8 3 5 . 3 6 1 5 . 4 5 4 5 . 2 9 4 

Ti O.QIA 0 . ( J l 2 0 . 0 1 1 0 . 0 1 3 0 . 0 0 9 

Si 5.318 5.411 6.290 6.111 6.140 6.511 A1 3 . 5 0 6 3 . 4 3 7 3 . 5 1 5 3 . 4 2 1 3 , 4 7 7 

Ti 0.009 0.334 0.000 0 . 0 0 0 0.011 0.006 Fe 3 . 4 4 5 3 . 3 8 5 3 . 5 8 7 3.508 3 . 6 0 8 

A1 3.501 3.542 5.430 5.469 5.642 4.968 Mn 0 . 0 2 8 0 . 0 2 8 0 . 0 4 0 0.035 0 . 0 4 0 

Fe 3.657 2.734 0.249 0.239 0.090 0.170 Mg 1 . 4 3 3 1 . 4 3 7 1.337 1.360 1 , 2 7 8 

Mn 0.039 0.010 0.000 0.019 _ ^ Ca 0.000 0.000 0.000 0.000 0 . 0 0 0 

Mg 1.275 1.472 0.105 0.111 0.118 0.342 Na 0.033 0 . 0 0 7 0.048 0.037 0 . 0 3 3 

Ca 0.005 0.000 0.002 0.000 0.038 0.012 K 1.868 1.823 1.823 1.869 1.751 

Na 0.036 0.052 0.045 0.048 0.039 0.037 CI 0.151 0 . 1 4 9 0.166 0.162 0 . 1 7 7 

K 1.745 1.881 1.794 1.708 1.937 1.928 F 0.000 0 . 4 3 0 0 . 0 0 0 0.000 0 . 5 4 7 

CI 0.189 0.033 0.000 0.000 0.001 0.018 
F 0.268 0.000 0.000 0.691 - -

Oxygen 2 2 22 22 22 2 2 

Oxygen 22 22 22 2 2 2 2 2 2 

U) 
-J 

N.A. Not Analysed 



IL>€N1TE ( M . l . M . ) 

S i 0 2 
T i02 
AI2O3 
FeO 
KtiO 
MgO 
CaO 
Na20 
Cr203 
ZnO 

TOTAL 

4i>02/19 .3 
11m 1 

0 . 0 3 
5 0 . 8 4 

0 . 0 2 
4 4 . 7 9 

0 . 8 2 
0 . 0 7 
0 . 0 1 
0.00 
0.00 
0.02 

9 6 . 5 9 

4 5 0 2 / 1 9 . 3 
11m 2 

0 . 0 1 
5 1 . 4 5 

0 . 0 1 
4 5 . 0 9 

0 . 8 3 
0 . 0 7 
0.00 
0 . 0 1 
0 . 0 3 
0.00 

9 7 . 5 0 

4 5 0 2 / 1 9 . 3 
11m 3 

0 . 0 1 
5 1 . 8 4 
0.00 

4 5 . 3 1 
0 . 8 0 
0 . 0 7 
0.00 
0 . 0 2 
0.00 
0.00 

9 8 . 0 5 

4 5 0 2 / 1 9 . 3 
11m 4 

0 . 0 2 
5 1 . 2 3 
0.00 

4 4 . 7 9 
0 . 8 6 
0 . 0 6 
0.00 
0 . 0 2 
0.00 
0 . 0 7 

9 7 . 0 7 

4 5 0 2 / 1 9 . 3 
I lm 5 

0 . 0 1 
5 0 . 7 7 

0 . 0 1 
4 4 . 9 2 

0 . 7 9 
0 . 0 6 
0.00 
0 . 0 1 
0.00 
0 . 0 8 

9 6 . 6 5 

4 5 0 2 / 1 9 . 3 
11m 8 

0 . 0 7 
5 1 . 1 1 
0.00 

4 4 . 7 4 
0 . 8 3 
0 . 0 8 
0.00 
0 . 0 1 
0.00 
0 . 0 3 

9 6 . 8 8 

4 5 0 2 / 1 9 . 3 
11m 10 

0 . 0 1 
5 1 . 1 0 
0.01 

4 4 . 9 8 
0 . 8 3 
0 . 0 5 
0.01 
0.02 
0 . 0 4 
0.08 

9 7 . 1 3 

4 5 0 2 / 1 9 . 3 
11m 11 

0 . 0 4 
3 1 . 0 3 

0 . 0 1 
4 4 . 9 9 

0 . 9 0 
0 . 0 7 
0 . 0 1 
0 . 0 1 
0 . 0 2 
0.00 

9 7 . 0 9 

4 5 0 2 / 1 9 . 3 
11m 12 

0.00 
5 1 . 3 4 

0 . 0 1 
4 5 . 0 5 

0 . 8 5 
0 . 0 6 
0.00 
0.00 
0 . 0 3 
0 . 1 2 

9 7 . 4 6 
U) 
00 

S i 
T i 
A1 
Fe 
Mn 
Mg 
Ca 
Na 
Cr 
2n 

Oxygen 

0.001 
0 . 9 9 9 
0.001 
0 . 9 7 9 
0.018 
0 . 0 0 3 
0.000 
0.000 
0.000 
0.000 

0.000 
1.001 
0.000 
0 . 9 7 5 
0.018 
0 . 0 0 3 
0.000 
0.000 
0.001 
0.000 

0.000 
1.002 
0.000 
0 . 9 7 4 
0.018 
0 . 0 0 3 
0.000 
0.001 
0.000 
0.000 

0.001 
1.001 
0.000 
0 . 9 7 3 
0 . 0 1 9 
0 . 0 0 3 
0.000 
0.001 
0.000 
0.002 

0.000 
0 . 9 9 8 
0.000 
0 . 9 8 2 
0.018 
0.002 
0.000 
0.000 
0.000 
0.002 

0.002 
1.000 
0 . 0 0 5 
0 . 9 7 3 
0.018 
0 . 0 0 3 
0.000 
0.006 
0.000 
0.001 

0.000 
0 . 9 9 8 
0.000 
0 . 9 7 8 
0 . 0 1 9 
0.002 
0.000 
0.001 
0.001 
0.001 

0.001 
0 . 9 9 7 
0.000 
0 . 9 7 8 
0.020 
0 . 0 0 3 
0.000 
0.000 
0.000 
0.000 

0.000 
1.000 
0.000 
0 . 9 7 6 
0.018 
0.002 
0.000 
0.000 
0.000 
0.001 



SILLIMANITE (H.l.M.) 

4i>02/iy.3 

Sil 1 

FLUCJRAPATITE (ANU) 

SiO^ 

Ti02 
AI2O3 

FeO 

ZnO 

TOTAL 

Si 

Ti 

A1 

Fe 

Cr 

2n 

Oxygen 

37.29 
0.19 
61.80 
0.44 
0.00 

0.06 

1.010 

0.004 

1.973 

0.010 

0,000 

0.001 

4i<02/lS..3 

Sil 2 

37.37 

0.30 

61.88 

0.63 

0.02 

0.01 

1.009 

0.000 

1.5'6S' 

0.014 

0.001 

0.000 

4b02/19.3 

Sil 3 

37.30 
O.Oi) 

61.67 
0.27 
0.03 
0.00 

1.014 

0.001 

1.97i 

0.006 

0.001 

0.0)0 

4MJ2/19.3 

Sil 4 

37.38 
0.03 
61.82 
0.27 
0.02 
0.04 

1.013 

0.001 

1.976 

0.006 

0.000 

0.001 

4302/19.3 

Sil 3 

37.42 
0.05 
61.96 
0.23 
0.03 
0.00 

1.013 

0.001 

1.977 

0.003 

0.001 

0.000 

P 2 S 
SiO^ 

Al^O, 

FeO 

MnO 

MgO 

CaO 

Na^O 

CI 

TOTAL 

P 

Si 

Ti 

A1 

Fe 

Mn 

Mg 

Oa 

Na 

CI 

4302/53.e 

Ap 1 

37.19 
0.48 
0.00 
0.00 
0.00 

0,99 
0.41 

48.78 

0.38 

0.08 

88.31 

2.824 

0.043 

0.000 

0.000 

O.OOC 

0.073 

0.033 

4.689 

0.066 

0.012 

4302/56-. 9 

Ap 2 

40,74 
0.99 
0.00 

0.00 

0.00 

0.13 
0.23 

33.28 

0.23 

0.03 

97.63 

2.794 

0.080 

0.000 

0.000 

0.000 

0.009 

0.028 

4.799 

0.036 

0.007 

Oxygen 12 12 

TOTAL ATOMS 19.765 19.781 



II - 40 

SPHENE (M.I,M.) 

2/9B 

Sphn 2-1 

2/9B 

Sphn 2-2 

2/9B 

Sphn 2-4 

2/9B 

Sphn 3-3 

2/9B 

Sphn 4-4 

Si02 

TiOz 

A I 2 O 3 

FeO 

MnO 

y^o 
CaO 

Na20 

K2O 

ZnO 

CI2O 

31.83 

31.87 

2.12 

3.71 

1.42 

0.65 

25.79 

0.17 

0.00 
0.06 

0.03 

30.94 

33.47 

2.13 

2.86 
1.07 

0.36 

26.93 

0.10 

0.00 
0.00 
0.01 

30.62 

35.28 

2.17 

1.71 

0.35 

0.13 

28.56 

0.10 

0.03 

0.00 
0.01 

30.51 

34.75 

2.65 

1.45 

0.54 

0.07 

28.36 

0.07 

0.00 
0.00 
0.05 

30.19 

34.24 

3.18 

1.48 

0.32 

0.14 

28.42 

0.06 
0.00 
0.00 
0.01 

Tt>tal 97.75 97.87 98.96 98.45 98.04 

Si 

Ti 

A1 

Fe 

Mn 

Mg 

Ca 

Na 

K 

Zn 

CI 

1.064 

0.801 

0.084 

0.014 

0.040 

0.032 

0.924 

0.011 

0.000 
0.001 

0.001 

1.046 

0.835 

0.083 

0.079 

0.030 

0.018 

0.957 

0.006 

0.000 
0.000 
0.000 

1.013 

0.878 

0.085 

0.047 

0.010 

0.006 

1.012 

0.006 

0.001 

0.000 

0.000 

1.012 

0.867 

0.103 

0.040 

0.009 

0.000 
1.008 

0.015 

0.000 
0.000 
0.002 

1.006 

0.858 

0.125 

0.041 

0.009 

0.007 

1.015 

0.004 

0.000 
0.000 
0.000 

Oxygens 



APPENDIX III ; ASSAY DATA 

Drillhole locations: 

1) DH 4502 - See Fig. 2.4 

2) DH 4496 - See Fig. 2.4 

3) DH 4483 - See Fig. 2.4 

4) DZ 2682 - See Fig. 2.1 



APPENDIX III: ASSAY DATA 

Lyri4502 

INTERV;^ 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

FRa^ 
4,80 

16.70 
17.10 
19.50 
20.70 
22.60 
24.00 
27.00 
28.00 
28.90 
29.40 
32.40 
35.40 
36.50 
38.30 
41.30 
44.30 
44.50 
47.00 
49.30 
50,70 
52.90 
55.30 
56.10 
59.00 
60.30 
60.80 
61.40 
61.80 
63.70 
66.40 
67.10 
67.50 
69.10 
69.60 
70.10 
71.80 
74.80 
77.80 
80.80 
83.80 
86.60 
87.50 
89.00 

LTRES 
TO 

16.70 
17.10 
19.50 
20.70 
22.60 
24.00 
27.00 
28.00 
28.90 
29.40 
32.40 
35.40 
36.50 
38.30 
41.30 
44.30 
44.50 
47.00 
49.30 
50.70 
52.90 
55.30 
56.10 
59.00 
60)30 
60.80 
61.40 
61.80 
63.70 

. 66.40 
67.10 
67.50 
69.10 
69.60 
70.10 
71.80 
74.80 
77.80 
80.80 
83.80 
86.60 
87.50 
89.00 
91.70 

Pb % 
0.00 

• .08 
.06 

1.86 
.07 
.11 

1.23 

2.59 
1.81 
.16 
.91 

4.29 
1.56 
6.40 
3.85 
2.15 
9.90 
7.80 
2.82 
9.50 
7.50 
5.90 
3.07 
2.03 
8.80 

.83 
8.50 

14.90 
6.00 

.34 
5.10 

9.60 
3.65 
1.42 
1.04 
6.90 

.31 

.02 

.77 
1.56 
.16 
.29 
.03 
.95 

Ag ppr. 
0 
7 
7 

37 
2 
2 

15 
27 
18 
13 
12 
38 
16 
57 
31 
19 
84 
77 
33 
70 
58 
48 
21 
20 
63 
9 

58 
86 
42 

3 
39 

105 
29 
11 
10 
40 
4 
2 
6 

12 
2 
3 
2 

12 

Zn % 
0.00 

.04 

.09 

.10 

.05 

.08 

.43 

.21 

.04 

.69 

.03 

.04 

.05 

.15 
1.12 

.51 
16.80 
3.60 
7.50 
9.90 

16.30 
13.20 
13.50 
5.70 

12.30 
1.75 

10.00 
22.40 
5.90 
1.64 
4.50 

18.70 
4.60 

19.00 
2.10 

27.20 
.65 
.21 
.21 
.06 
.11 
.05 
.22 
.52 

Cu % 
0.00 
0.00 

.02 

.06 

.01 

.02 

.04 

.14 

.02 

.04 

.02 

.02 

.06 

.30 

.08 

.08 

.06 

.04 

.08 

.10 

.06 

.04 

.10 

.06 

.08 

.06 

.08 

.14 

.08 

.06 

.12 

.16 

.08 

.04 

.02 

.04 

.04 

.08 

.06 

.04 

.04 

.03 

.02 

.04 

Bi pp-n 
0 
0 
4 

10 
0 
2 
7 
2 
3 
1 

11 
25 
7 
10 
12 
8 

55 
54 
9 

28 
48 
28 
6 
9 

30 
2 

23 
54 
25 
2 

59 
115 
53 
0 
0 

83 

3 
0 
2 
5 
4 
2 
4 
3 

Fe % 
0.00 
1.20 
3.40 
4.00 
2.50 
.2.60 
4.00 
5.70 
2.30 
2.10 
2.40 
2.30 
3.50 

10.70 
4.20 
5,00 
9.20 
2.60 
3.00 
4.20 
5.30 
4.90 
5.00 
2.60 
5.40 
2.30 
3.80 
7.50 
3.00 
2.10 
4.30 
8.00 
3.20 
8.10 
1.40 
4.20 
3.00 
3.40 
1.90 
2.30 
4.00 

14.20 
1.50 
1.70 

As % 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0 = NOT DfJTERT-UNED OR BEt£.V? DETECriON LIMITS 



APPENDIX I I I A : T^SAY DATA 

DH4496 

INTERVAL FROM 
1 19 .80 
2 21.70 
3 24 .70 
4 27 .10 
5 27 .80 
6 30.80 
7 33 .80 
8 36 .80 
9 38 .70 

10 40 .60 
11 42 .00 
12 45 .00 
13 47 .20 
14 48 .40 
15 51 .20 
16 53 .60 
17 56 .50 
18 58 .00 
19 58 .80 
20 59 .80 
21 60 .30 
22 60 .70 
23 63 .70 
24 66 .70 
25 69 .20 
26 72 .20 
27 73 .50 
28 75 .70 
29 77 .20 
30 79 .00 
31 80 .40 
32 81 .20 
33 81 .80 
34 82 .10 
35 82 .50 
36 83 .20 
37 83 .70 
38 86 .10 
39 89 .10 
40 92 .10 
41 95 .10 
42 98 .10 
43 100.70 
44 101.20 
45 104.20 
46 107.20 
47 110.20 
48 112.20 
49 115.20 
50 118.20 
51 120.20 
52 121.80 
53 123.40 

METRES 
TO 

21.70 
24.70 
27.10 
27.80 
30.80 
33.80 
36.80 
38.70 
40.60 
42.00 
45.00 
47.20 
48.40 
51.20 
53.60 
56.50 
58.00 
58.80 
59.80 
60.30 
60.70 
63.70 
66.70 
69 .20 
72.20 
73.50 
75.70 
77.20 
79.00 
80.40 
81.20 
81.80 
82.10 
82.50 
83.20 
83.70 
86.10 
89.10 
92.10 
95.10 
98.10 

Pb % Ag piJU Zn % Cu % Bi ppm Fe % As % 
0 .00 0 0 .00 0 .00 0 0 .00 0 .000 

.05 6 .05 .02 0 2 .30 0 .000 
3 .09 31 .11 .10 1 5 .30 0 .000 
1.44 23 .22 .22 2 10.40 0 .000 

.43 13 .04 .04 3 2 .60 0 .000 
1.76 22 .15 .02 6 2 .00 0 .000 
1 .90 25 .05 .02 10 2 .80 0 .000 

.11 5 .10 .02 0 2 .20 0 .000 
1 .46 19 .06 0 .00 0 2 .00 0 .000 

.15 5 .07 0 .00 0 2 .60 0 .000 
2 .08 19 .10 .02 14 2 .60 0 .000 
8 .10 59 2 .40 .02 49 3 .50 0 .000 
2 .43 22 1 .59 .02 28 2 .30 0 .000 
5.30 53 3 .90 .04 36 1.70 0 .000 
5 .40 52 20.00 .02 25 4 .60 0 .000 

12.10 136 16.90 .08 44 5 .20 0 .000 
5 .30 37 7 .20 .16 7 3 .20 0 .000 
8 .00 54 14 .30 .08 4 6 .00 0 .000 
4 .10 28 7 .10 .08 2 3 .20 0 .000 
4 .31 41 2 .30 .04 28 1.50 0 .000 

28.30 215 13.30 .08 176 5 .20 0 .000 
1.87 15 .75 .06 17 2 .20 0 .000 
3 .09 35 1 .29 .04 17 3 .20 0 .000 
1.02 21 1 . 1 1 .08 11 2 .40 0 .000 
1 .29 34 1 .27 .20 16 3 .70 0 .000 

.64 13 1 .11 .12 4 3.10 0 .000 

.57 12 .83 .10 5 3 .00 0 .000 
1 .62 26 1 .30 .08 20 3 .90 0 .000 
5 .50 69 5 .60 .07 65 3 .60 0 .000 

.57 9 7 .90 .19 9 7 .20 0 .000 
3 .73 56 10.80 .07 44 5 .60 0 .000 
9 .10 106 24 .10 .08 74 10.60 0 .000 

.93 36 .87 0 .00 3 1.80 0 .000 
23.20 311 6 .70 .15 177 3 .40 0 .000 

4 .16 50 2 .50 .04 32 1 .60 0 .000 
9 .10 129 16.60 .10 62 14.20 0 .000 
1 .20 23 .15 .05 7 1 .50 0 .000 

.20 7 .13 .06 2 2 .10 0.000 

.60 12 .54 .01 4 1 .50 0 .000 

.54 18 .70 .03 2 2.70 0 .000 

.29 6 .78 .01 0 2 .20 0 .000 

.07 6 .78 .02 0 4 .20 0 .000 

.10 7 19 .00 .01 0 6 .20 0 .000 

.01 2 .56 0 .00 0 1.50 0.000 

.11 7 .57 .01 18 2 .40 0 .000 

.27 3 .15 0 .00 0 2.10 0 .000 

.08 3 1 .96 .01 0 2 .20 0 .000 

.03 4 .10 0 .00 0 1.70 0 .000 

.04 3 .06 0 .00 0 1 .50 0 .000 

.04 4 .04 0 .00 0 1.70 0.000 

.05 4 .16 0 .00 1 1 .50 0 .000 

.07 4 .17 0 .00 3 2 .40 0 .000 

.07 3 .10 .04 0 2 .30 0 .000 



54 123.70 124.30 .03 1 .03 .02 0 3.80 0.000 
55 124.30 125.90 .08 3 .04 0.00 0 1.80 0.000 
56 125.90 127.10 .17 0 .14 0.00 0 2.00 0.000 

0 = IWT DETERMINED OR BELOW DETECTION LIMITS 



APPENDIX IIIB: ASSAY DATA 

DH4483 

METRES 
INTERVAL FROM TO Pb % Ag ppm Zn % Cu % Bi ppm Fe % As % 

1 5.40 32.00 0.00 0 0.00 0.00 0 0.00 0.000 

2 32.00 33.10 .67 17 .14 .07 12 3.90 .062 

3 33.10 35.50 .25 2 .04 .01 2 2.80 .024 

4 35.50 36.30 1.21 12 .10 .01 10 3.20 .028 

5 36.30 38.00 5.30 48 .07 .07 35 3.60 .042 

6 38.00 38.80 8.90 67 .26 .26 39 11.10 .720 

7 38.80 41.10 4.25 31 .39 .17 24 7.30 .245 

8 41.10 43.40 1.69 11 .05 .10 14 5.40 .335 

9 43.40 44.50 .56 3 .36 .04 9 3.00 .186 

10 44.50 45.40 10.60 75 2.80 .07 59 3.40 .064 

11 45.40 48.40 4.10 28 .03 .05 11 3.00 .270 

12 48.40 51.40 2.94 24 .03 .05 15 2.80 .152 
13 51.40 53.00 .14 0 .05 0.00 0 1.70 .048 
14 53.00 53.80 .53 4 .09 0.00 0 .40 0.000 

15 53.80 54.30 .09 1 .05 .03 0 1.90 0.000 

16 54.30 55.00 3.11 79 .08 .10 24 3.30 .042 

17 55.00 56.50 .22 1 .03 .01 0 2.20 .012 

18 56.50 57.40 .54 7 .11 .01 0 3.60 .008 

19 57.40 60.20 .16 1 .09 0.00 0 1.90 .026 

20 60.20 61.60 9.60 142 .06 .09 97 2.10 .042 

21 61.60 64.60 1.94 31 .03 .02 26 1.50 .036 

22 64.60 67.60 .79 19 .18 .05 0 1.60 .048 
23 67.60 70.60 .72 9 .55 0.00 0 1.50 .060 

24 70.60 73.40 1.19 19 .53 .02 2 1.30 .052 
25 73.40 73.90 4.23 57 .69 .06 19 .10 .054 

26 73.90 75.70 7.20 80 11.40 .10 48 3.90 .052 

27 75.70 76.30 1.33 17 2.40 .08 7 1.60 .054 
28 76.30 78.30 4.40 45 9.70 .08 51 3.70 .225 

29 78.30 80.40 1.79 30 8.40 .14 16 3.60 .058 

30 80.40 81.10 1.39 25 8.70 .08 8 3.80 .375 
31 81.10 84.10 1.76 33 2.90 .14 14 3.00 .040 

32 84.10 87.10 2.21 30 5.10 .06 13 2.80 .052 

33 87.10 90.10 2.22 36 3.30 .10 9 2.50 .116 

34 90.10 92.20 1.52 30 3.90 .18 20 3.40 .114 
35 92.20 94.20 .50 10 6.70 .16 2 5.00 1.040 
36 94.20 95.40 .52 11 13.80 .12 0 5.80 .178 
37 95.40 97.30 1.80 35 5.70 .10 8 2.30 .106 
38 97.30 98.20 .22 9 26.00 .34 0 11.20 .050 
39 98.20 100.80 2.33 54 10.40 .28 10 6.10 .084 
40 100.80 103.80 5.80 69 .89 .12 23 2.00 .046 
41 103.80 106.80 2.38 36 1.41 .12 13 2.20 .098 
42 106.80 107.50 .82 23 1.11 .14 0 5.30 .014 
43 107.50 110.00 .62 11 1.06 .14 0 5.10 .038 
44 110.00 112.20 .55 12 .65 .20 0 4.50 .010 
45 112.20 113.80 .62 10 1.25 .52 0 6.90 .066 
46 113.80 115.40 .45 B .76 .24 0 7.10 .014 
47 115.40 115.70 .29 7 28.00 .03 3 15.20 0.000 

48 115.70 118.50 .97 17 2.10 .38 4 6.20 .028 
49 118.50 120.60 .57 17 2.10 1.32 0 10.70 .044 
50 120.60 123.20 2.76 62 1.56 .38 14 6.90 .024 
51 123.20 124.20 2.49 39 .26 .10 15 2.80 .062 
52 124.20 126.00 1.07 20 1.06 .30 2 6.30 0.000 
53 126.00 127.40 .09 9 .32 .50 0 15.00 .030 



APPENDIX I I I B (CONT..) 

54 1 2 7 . 4 0 130 .40 .18 9 . 32 .06 0 3 . 5 0 .016 
55 1 3 0 . 4 0 133 .40 .19 20 .46 .02 3 2 . 1 0 . 022 
56 1 3 3 . 4 0 1 3 5 . 3 0 .03 3 .38 .08 2 5 . 2 0 .010 
57 1 3 5 . 3 0 136 .60 1 . 6 0 41 5 . 7 0 .10 0 3 . 9 0 0 . 0 0 0 
58 1 3 6 . 6 0 139 .60 2 . 1 6 42 3 . 2 0 .02 9 2 . 1 0 0 . 0 0 0 
59 1 3 9 . 6 0 1 4 1 . 6 0 .40 9 6 . 4 0 .10 0 2 . 5 0 0 . 0 0 0 
60 1 4 1 . 6 0 143 .40 .09 15 3 . 1 0 .06 9 2 . 5 0 0 . 0 0 0 
61 1 4 3 . 4 0 1 4 4 . 7 0 1 . 0 0 30 .96 .17 14 1 . 1 0 0 . 0 0 0 
62 1 4 4 . 7 0 1 4 6 . 4 0 1 . 3 6 42 4 . 0 0 .08 15 1 . 6 0 0 . 0 0 0 
63 1 4 6 . 4 0 1 4 9 . 4 0 .59 16 1 3 . 8 0 .06 18 3 . 0 0 0 . 0 0 0 
64 1 4 9 . 4 0 1 5 0 . 9 0 .70 18 3 . 9 0 .04 12 2 . 7 0 0 . 0 0 0 
65 1 5 0 . 9 0 1 5 3 . 9 0 .56 15 .14 .14 2 3 . 7 0 0 . 0 0 0 

0 = NOT DETERMINED OR BELOW DCTECTION LIMITS 



APPENDIX I I I C : ASSAY DATA 

DZ2682 

METRES 
INTERVAL FROM TO Pb % Ag ppm Zn % Cu % Bi ppm Fe % As % 

1 8 . 4 0 18.30 0 .00 0 0 . 0 0 0 . 0 0 0 0 .00 0 .000 
2 18 .30 19.20 4 .20 138 .40 .13 0 0 .00 0 .000 
3 19 .20 20 .70 .60 14 .20 .04 0 0 .00 0 .000 
4 20 .70 34.10 0 .00 0 0 .00 0 .00 0 0 .00 0 .000 
5 34 .10 37.50 1 .20 16 1 .80 .07 9 0 .00 0 .000 
6 37 .50 39.90 8 .00 90 4 . 0 0 .15 51 0 .00 .013 
7 39 .90 41.30 9 . 6 0 125 25 .00 .25 41 0 .00 .006 
8 41 .30 42 .10 1.60 22 2 .40 .03 9 0 .00 .006 
9 42 .10 43.40 3 .20 74 5 .40 .51 11 0 .00 0 .000 

10 43 .40 45.70 2 .00 40 4 .60 .23 15 0 .00 0 .000 
11 45 .70 46 .30 .20 36 11.00 .11 16 0 .00 0 .000 
12 46 .30 48 .20 .80 14 6 .80 .04 9 0 .00 0 .000 
13 48 .20 49.10 .60 12 10 .20 .10 4 0 .00 .033 
14 49 .10 50.70 .60 14 5 .80 .08 9 0 .00 .026 
15 50 .70 53.80 .20 4 1 .80 .02 2 0 .00 0 .000 
16 53 .80 56.80 .40 4 .80 .03 3 0 .00 .030 
17 56 .80 59 .90 .60 6 .40 .04 2 0 .00 0 .000 
18 59 .90 62 .90 .20 0 .20 .01 0 0 .00 0 .000 
19 62 .90 66.00 .20 4 .40 .01 0 0 .00 .127 
20 66 .00 69.00 .20 4 .20 .04 0 0 .00 .050 
21 69 .00 72 .10 .20 4 .20 .04 2 0 .00 .010 
22 72 .10 73.50 .20 6 1 .00 .03 2 0 .00 .013 
23 73 .50 74.70 .80 16 5 .40 .08 12 0 .00 .080 
24 74 .70 75.30 .40 8 14.40 .08 3 0 .00 0 .000 
25 75 .30 76.70 .40 8 .80 .04 1 0 .00 0 .000 
26 76 .70 78.80 1 .20 16 2 .20 .08 2 0 .00 .130 
27 78 .80 79.40 31.40 288 6 .40 .36 48 0 .00 0 .000 
28 79 .40 80.20 2 .20 36 .40 .24 7 0 .00 .026 
29 80 .20 83 .40 .40 4 .40 .07 2 0 .00 0 .000 
30 83 .40 86.40 .40 4 .40 .03 0 0 .00 0 .000 
31 86 .40 89.50 .20 4 .20 .04 0 0 .00 0 .000 
32 89 .50 91.40 .20 4 .20 .04 0 0 .00 0 .000 
33 91 .40 97.50 0 .00 0 0 .00 0 .00 0 0 .00 0 .000 
34 97 .50 100.60 .60 6 .20 .01 0 0 .00 0 .000 
35 100 .60 101.20 .40 4 .20 .01 0 0 .00 0 .000 
36 101.20 119.80 0 .00 0 0 .00 0 .00 0 0 .00 0 .000 

0 = NOT DETERMINED OR BELOW DETECTION LIMITS 
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Appendix 4 

A) Whole rock geochemical trends 
B) Base metal trends 
C) Mineral composition trends 

Legend 
S 
J 
G 
A 
P 

Sillimanite gneiss 
gahnite - rich rocks 
garnet quartzite 
amphibole subzone 
pyroxenoid subzone 

Circles represent green biotite. 
On the gahnite plot the inverted triangles 
represent rim compositions, while the normal 
triangles represent core compositions. 

Triangles represent core compositions on 
(GaO + MnO/MgO) versus distance for garnet plots, 
and rim compsitions on (MgO/^^gO + FeO) versus 
distance garnet plots. 
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CONTENTS 

A) Whole-rock geochemical trends 

DH 4496 : p IV - 3 to 14 

B) Base Metal Trends 
DH 4496 
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APPEISIDIX V : RESULTS OF X-RAY DIFFRACTIOSI ANALYSES OF PYROXENOIDS FROM 
VARIOUS PARTS OF THE WAL. 

17 pyroxenoid-bearing samples fron various parts of the WAL were analysed 
by X-ray Diffraction to determine the relative abundance of rhodonite and 
pyroxmangite in the WAL. The results are shown below. The XRD methods 
are described in Appendix 1, and the sample locations are discussed in 
Appendix II. 

Sample No. 

1/7 
2/1 
2/lA 
2/5A 
2/9A 
2/9A (different part of sample) 
2/9B 
4478/62.8 
4478/68.1 
4483/116.1 
4483/117.2 
4526/89.2 
4526/89.9 
4526/90.6 
4543/76.0 
4543/76.0 
4610/68.1 

(different part of) 

Pyroxmangite 
Pyroxmangite 
Pyroxmangite + rhodonite 
Pyroxmangite 
Pyroxmangite 
Pyroxmangite + rhodonite 
Pyroxmangite + rhodonite 
Rhodonite 
Rhodonite 
Rhodonite + minor pyroxmangite 
Pyroxmangite & minor rhodonite 
Pyroxmangite & minor rhodonite 
Rhodonite 
Pyroxmangite 
Rhodcaiite 
Pyroxmangite 
Rhodonite 

In summary: 

8 analyses indicate doninant pyroxmangite 
6 analyses indicate dominant rhodonite 
3 analyses indicate approximately equal amounts of rhodonite and 
pyroxmangite 
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ZINCIAN STAUROLITE FROM BROKEN HILL, 
NEW SOUTH WALES 

R. S. BottrUl 

W. S. & L. B. Robinson College, 
Broken Hill, N.S.W. 

ABSTRACT 

Zinc-rich staurolite has been found in the Fe-Al-rich 
wallrocks of the Western A lode. Broken Hill, N.S. W. It 
appears to be restricted to retrograde shear zones of 
lower to middle amphibolite grade which transect the 
lower granulite fades ore-bearing metasediments. The 
staurolite largely drives from retrogressive breakdown of 
ferroan gahnite, a previously undescribed reaction, but 
biotite is also involved in the reaction. The zinc content of 
staurolite does not extend its stability range into the 
lower granulite fades. 

INTRODUCTION 

The lead-silver-zinc deposits at Broken Hill, New South Wales lie within a sequence 
of volcano-sedimentary rocks, metamorphosed to the lower granulite facies (Plimer, 
1979; Phillips, 1980). The metamorphism was complex, with at least two major 
prograde events and a prolonged retrogressive episode of amphibolite to greenschist 
grades (Harrison & McDougall, 1981; Phillips, 1980). 

Staurolite has been noted previously from retrograde shear zones of the district 
(Vernon & Ransom, 1971; Corbett & Phillips, 1981) and recently also from the lode 
rocks (Spry, 1978; Birch et al., 1982). Although staurolite is a typical mineral in lower 
amphibolite grade rocks, zincian varities have been described from lower granulite 
facies assemblages (Nemec, 1980; Ashworth, 1975). As the P-T dependence of zinc in 
staurolite is unknown (Griffen, 1981), the Broken Hill occurrence is of considerable 
interest. 

OCCURRENCE 
Staurolite is uncommon in the lode rocks, but is moderately abundant within 

retrograde shear zones intersecting the relatively iron and aluminium-rich wallrocks of 
the Western A lode, New Broken Hill Consolidated Mine (NBHC) from where 
specimens were obtained for this study. The wallrocks are gneisses and quartzites 
containing almandine ± biotite ± gahnite ± sillimanite ± orthoclase ± sulphides. 
Lxjcal small sericite ± chlorite-rich zones occur within both lode and wallrocks. 

Staurolite in these rocks occurs as yellow-brown to red-brown, euhedral, slightly 
poikiloblastic and commonly twinned crystals from 0.01 to 2mm in size. Most 
coexisting phases have similar giainsize, but gahnite is usually coarser, ranging from 
about 0.2 to 4mm in diameter. 

F D I T O R I A L 

T h e c e n t e n a r y d f ' t h e B r o k e n Hi l l m i n e s in 1 9 8 3 h a s b e e n m a r k e d b \ a 
n u m b e r o r m a j o r e v e n t s , n o t a b l y t h e h o l d i n g o t ' t h e G e m b o r e e in t h a i c i ty 
o \ e r F a s t e r a n d t h e A u s t r a l a s i a n I n s t i t u t e ol M i n i n g & M e J a l h i r g s 
C o n f e r e n c e in J u l y . In t h e p u b l i s h i n g a r e a , t h e h igh l igh t h a s u n d o u b t e d K 
b e e n 'Minerals of Broken HiW. a b o o k u h i c h h a s r e e e n e d idesprca i . ! 
p r a i s e . 

S i \ y e a r s age*, t h e A u s t r a l i a n M i n e r a l o g i s t d e v o t e d an is>-ue t o m m e r a l s 
I rorn B r o k e n Hi l l , a s a m e i n o n a l t o t h e l a t e S i r M a u r i c e M a w b \ . u h o s e 
d e v o t i o n t o t h e i r s t u d v w a s p r o b a b l v u n s u r p a s s e d . T h e l . d i t o r i a l B o a r d 
tel t it w a s a p p r o p r i a t e t o m a r k t h e I (M) v e a r c e l e b r a t i o n s (^t'}}roken HJII in 
a s i m i l a r w a y . T h i s i s s u e is a g a i n d e v o t e d t o a s p e c t s ot t l ie o r e h o d i e s ' 
m i n e r a l o g y , in p a r t i c u l a r t o s o m e new d i s c o v e r i e s . W e h o p e it will h e a 
s l i m u l u s t o o t h e r minL- ra log i s t s t o c o n t i n u e e x p a n d i n g t h e k n o w l e d g e ol 
B r o k e n Hi l l m i n e r a l s 



Fig. 2 

A euhedral staurolite crystal (0 5 x 0.2 ram) 
grey) in a matrix of garnet (mid grey, h.gh relieO. biotite (mid grey, 
mottled, with fine ilmenite) and quartz (light grey to while). Cross 
polarised light 

The staurolite appears to be in equilibrium with all phases except 
gahnite and a typical assemblage is staurolite — quartz - almandme — 
biotite ± sillimanite ± muscovite. I>>rrhoiite, sphalerite and arsenopynte 
may also be present in minor amounts. Gahnite. when present, usually 
shows some replacement by staurolite (Figs 1 & 2) and gahnite-free 
staurolite bearing assemblages are, in part, due to complete replacement 
of gahnite by staurolite. 

CHEMISTRY, X-RAY DIFFRACTION AND OPTICS 
The compositions of several staurolites and coexistmg minerals from 

the Western A lode were determined by electron microprobe and are 
shown in Table 1. 

The staurolites contain snraih"bul signrfTCant amounts of zinc, with a 
maximum of 4.27 wt. % ZnO. The average staurolite formula is 

whieh ts closcr to that of Gnffen 
(1981) than that of Yardley (1981). 

The gahnite is quite iron-rich, and iron may occasionally exceed zinc in 
some spinels of the Western A lode. The rim of gahnite shows Zn-
enrichment and depletion in Fe and Mg. This is probably due to partial 
re-equilibration of gahnite and staurolite during retrogression, with 
preferential partitioning of Zn into gahnite, and Fe and Mg into 
staurolite. 

Although trioctahedral micas may accommodate up to 23wt% ZnO (in 
hendricksite, Frondel & Ito. 1966), the biotites in these assemblages 
contain only .33wt% ZnO. Similarly, up to 10wt% ZnO has been found 
in chlorites (Frondel &.ko. 1975), but < 0.42wl% ZnO was found in 
chlorites of the Western A lode. One optically homogenous, low-alkali 
(1.3 K atoms / 22 oxygens) biotite in an NBHC sample contains 
1.3wt% ZnO (Table 1). This may be a mixed layer chlorite-biotite, as 
described by Molir & Newton (1981). 

The X-ray powder diffraction pattern for staurolite from sample No. 
4496/29.6 was recorded on a Phillips Norelco difTractometer, using Cu/ 
Ni radiation and calibrated with a silicon external standard. The lattice 
parameters, refined from 18 lines and indexed on a monoclinic lattice 
with reference to ASTM file No. 15-397 using the method of GrifTen 
(1981) are: a - 7.870A, b = 16.602A, c = 5.657A, B = 90.0O and V = 
739 lA^. These unit cell dimensions are similar to other zincian 
staurolites (GrifTen & Ribbe, 1973), but, as noted by Griifen (1981), 
other elemental substitutions prevent strictly linear correlation with the 
zinc contents. Electron microprobe analysis of staurolite from this 
sample indicates a range from 3.41 to 3.67wt% ZnO. 

In this section, the staurolite appears biaxial positive, with a very large 
2V The pleochroism is = = colourless, ^ = straw yellow, and 
refractive indices are = 1.74(X5), /3 = 1.746(5) and Y = 
1.735(5). 

A gahnite porphyroblast (1 .4x l .8mm) containing a garaet inclusion, with a 
replacement rim of fine to medium grained staurolite, in a matrix of 
X i t e (dark grey), garnet (mid gnsy). fine biotite (mottled grey), quartr 
night grey to white) and galena (black). Party crossed polars. 

TABLE 1: COMPOSITIONS A N D STRUCTURAL 
FORMULAE OF COEXISTING ZINC-RICH MINERALS 

SiOi 
TiOj 
AI2O3 
FeO 
MnO 
MgO 
NajO 
K , 0 
ZnO 

Total 

Si 
Ti 
A1 
Fe 
Mn 
Mg 
Na 
K 
Zn 

Oxygen 
No. atoms 

1 2 3 4 5 

28.56 27.52 .03 .01 36.77 

.10 .33 .00 .05 1.10 

51.90 51.30 56.92 56.84 25.01 

11.99 11.35 13.27 14.60 17.78 

.10 .13 .06 .04 .02 

1.41 1.36 1.45 1.66 8.82 

.13 .10 .87 .81 .21 
— — 7.06 

4,27 3.49 28.72 27.47 1.27 

98.46 95.58 101.32 101.48 98.04 

7.983 
.022 

17.106 
2.804 

.023 

.586 

.070 

.000 

.882 

46. 
75.48 

7.877 
.072 

17.316 
2.721 

.032 

.580 

.028 

.000 

.738 

46. 
75.36 

.000 

.000 
1.972 

.326 

.002 

.064 

.050 

.000 

.624 

4. 
7.04 

.000 

.001 
1.965 

.358 

.001 

.073 

.047 

.000 

.595 

4. 
7.04 

5.283 
.119 

4.237 
2.137 

.003 
1.888 

.059 
1.295 

.135 

22. 
37.16 

1 : Most zinc rich staurolite analysed, sample 4496/26.9 
2 : Average of nine staurolites. samples 4496/26.9,29.6.32.0 and 

4502/29.9 
3 : Gahnite rim, sample 4496/26.9 
4 : Gahnite core, sample 4496/26.9 
5 : Low-alkali or partly chloritized biotite, sample 4496/26.9 

(Samples from NBHC drill hole No. 4496 at depth in metres indicated 

after /) 
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DISCUSSION 
NaturalJy occurring staurolites are frequently found to contain 

significant zinc (Griffen & Ribbe, 1973) and a complete series to the 
zincian end member was synthesized by Griffen (1981). The maximum 
ZnO content found in naturally occurring stauroiite is, however, only 
7wt.% (Griffen & Ribbe. 1973), and is rarely > 1 wt.%. 
It has been suggested (Guidotli, 1970; Ashworth, 1975;) that zinc may 

stabilize stauroiite to higher temperature and pressure, but there is no 
experimental evidence to confirm this. The partial to complete 
replacement of gahnite by stauroiite (sometimes with coexisting 
muscovite) at Broken Hill indicates re-equilibration at T and P well 
below t hose of the original granulite conditions, due to locally high aH20 
and suitable chemical conditions in the retrograde shear zones. 
The breakdown of gahnite to stauroiite has not been previously 

described, although illustrated by Spry (1978) in an unpublished thesis. 
The breakdown of zincian stauroiite to gahnite or zincian hercynite 
during prograde metamorphism has, however, been noted by Stoddard 
(1979) and Spry (1978). 

The actual reaction is uncertain and complex. Biotite is a common 
associate of stauroiite and would balance the equation by the coupled 
reaction : FeSi A U . The reaction could thus be represented as: 

Fe-gahnite + Fe-Si-biotite = Zn-staurolite + Al-biotite with preferen-
tial partitioning of Fe into stauroiite and Zn preferentially remaining in 
gahnite. 

A NOTE ON VESUVIANITE FROM 
THE ZINC CORPORATION MINE, 

BROKEN HILL, NEW SOUTH WALES 

W. D. Birch 

Department of Mineralogj- & Petrology 

National Museum of Victoria 
285 Russell Street. Melbourne. 

Victoria. 3000 

ABSTHiCT 
Rounded greenish brown grains of vesuxianiie up lo 6mm 
across have recently been found in calcite-rich ore from the Zinc 
Corporation Mine. The occurrence of this vesuvianiie as a 
prograde gangue mineral contrasts with previously recorded 
vesuvianite from Broken Hill, which was regarded as having 
crystallized under late-state retrograde conditions. Microprobe 
analyses of both types are presented. 
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Vesuvianite was first reported from No. 2 lens ore at Broken Hill by 
Stillwell (1959), but without description. Since then, specimens have 
been collected occasionally, usually as browTiish bladed masses (Plimer. 
1982; Birch et at, 1982) associated with coarse-grained sulphides. 
Amongst a large collection of Broken Hill minerals recently donated to 

the National Museum of Victoria by Dr. Ian Plimer was a small 
specimen of calcite-rich ore from No. 2 lens, on 20 level of the Zinc 
Corporation Mine. The piece consisted of an aggregate of pt>lygonal 
white calcite grains containing scattered rounded grains up to 6mm 
across of a greenish-brown vitreous mineral, which was identified by X-
ray diffraction as vesuvianite. Small grains of sphalerite were also 
present. 

A second specimen in the same Broken Hill collection consisted of a 
bladed mass of dark reddish brown vesuvianite crystals up to 7 cm long, 
associated with a compact hedenbergite-quartz-vesuvianite nvk. This 
was collected from the 19 level of the Zinc Corporation Mine. A small 
area of euhedral green hedenbergite crystals with a thin "stunite" crust 
occurred on this specimen. 

Both vesuvianite specimens were analysed by electron microprobe 
(Table 1). The greenish-brown vesuvianite in the calcitic ore has a lower 
Fe/Mg ratio, and negligible Ti, in contrast to the reddish brown variety, 
which has 1,0% Ti02. Both these factors may be responsible for the 
colour difference. Fluorine contents are similar in both (I F). but C1 
is absent from the greenish brown vesuvianite. The hedenbergite crystals 
coexisting with the reddish brown vesuvianite contain only 2.0'\> MnO 
(less Mn than Mg on a cation percent basis). The "sturtite" is Fe-rich. 
Previous analyses of vesuvianite (Plimer 1982) show similar Fe. Mg. 
Mn and F contents to those of the reddish brown crystals described 
here. 
Vesuvianite may be more widespread in the calcite-rich No. 2 lens ore in 
the Zinc Corporation than previously thought and may have some 
importance as a primary, i.e. prograde fluorine-rich mineral. All 
previously described vesuvianite has been regarded as having crystallized 
during late-stage retrograde metamorphism (e.g. Plimer, 1982) in the 
presence of fluorine-enriched fluids. 

localized higher fluorine activities may have determined whether 
vesuvianite formed in preference to grossular as a prograde mineral in 
the calcitic ore in No. 2 lens. 
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Appendix VI-c 

To wTiom it may concern, 

I acknowledge that Ralph Bottrill has contributed significantly 
to the chapters of the book 'Minerals of Broken Hill*, edited by 
H.K. Womer & R.W. Mitchell, that I was a principal author to; in 
particular to the following sections: 

Albite p. 72 
Algodonite p. 72 
Ankerite p. 78 
Aurichalcite p. 81 
Axinite p. 82 
Birnessite p. 88 
Cryptomelane p. 112 
Hollandite p. 130 
Hydrozincite p. 130 
Jacobsite p. 133 
Monazite p. 146 
Prehnite p. 148 
Psilomelane p. 148 
Romanechite p. 171 
Seligmannite p. 171 
Sphalerite p. 184 
Wurtzite p. 194 

and was also joint author of the addendum Cfollowing page) . 

Signed: 

Dr. W.D. Birch, 
Curator of Minerals, rocks and meteorites. 
National Museum of Victoria. 



ADDENDUM 
Hill l i i n h. Ralph B o i i r i l l . Ian I ' l i m c r 

A D D I I l O N A l - M I N I R A L l ) i : S C R I l ' H O N S 

S i i K ' C p i i b l i c ; i i i i > n D l ' t h e l l r s i c - t i i l i o n o i ' M i n c n i l s o l ' H r o k c i i H i l l " , n e w t n i n c r u l o g i c i i l J a l a l i a \ c b e e n 

a c e u m u l a i o d . i n e l u d i n g e v i d e n e e l o s u p p o r t t h e f n u l i n g o t a t l e a s t U s e s p e c i e s p r e v i o u s l y u n r e c o r d e d a t 

B r o k e n H i l l . M i i c l i o f i l i e n e w i n f o r n i a i i o n r e p o r t e d h e r e h a s b e e n g a t h e r e d b y R a l p h i J o t t r i l l d u r i n g s t u d i e s 

o n i h c w e s t e r n A l o d e o r e . N I J I IC". T h e f o l l o w i n g n o t e s s h o u l d b e r e a d i n c o n j u n c t i o n w i t h C h a p t e r 8 . 

A C T I N O L I T E . m a n g a n o a n 

D a r k g r e e n a c t i n o l i l e c r y s t a l s t r o m t h e 
w e s t e r n pa r t of A l o d e , N B H C , c o n t a i n u p 
t o 5 . 7 % M n O . T h e m i n e r a l is a p r o d u c t o l 
t h e b r e a k d o w n o l p y r o x m a n g l t e . 

B i n d h e i m i t e is a l e a d - a n t i m o n y h y d r o x y 
o x i d e n o t a h y d r o u s l e a d s u l p h a t e a s 
s t a t e d in C h a p t e r 8-

B I S M U T H 

R o u n d e d i n c l u s i o n s o l b i s m u t h , u p to 0,1 
m m a c r o s s , o c c u r r a r e l y in g a l e n a g r a i n s 
f r o m 21 l e v e l o f (he N B H C M i n e . The 
m i n e r a l w a s i d e n t i f i e d r e c e n t l y in dr i l l 
c o r e t r o m w i t h i n 1 0 0 m e t r e s of t h e 
s o u t h e r n e x t r e m i t y of t h e lead lode 
( M i l t o n , pers- c o m m , , 1 9 8 3 ) , 

B O L E I T E 

T h e r e f e r e n c e b y W i n c h e l l & R o u s e 
( 1 9 7 4 ) t o a n o l d B r o k e n Hi l l s p e c i m e n 
l a b e l l e d p e r c y l i t e a n d s u b s e q u e n t l y 
i d e n t i f i e d a s b o l e i t e , is in e r ro r , as is the 
r e f e r e n c e t o t h e A m e r i c a n M u s e u m of 
N a t u r a l H i s t o r y in W a s h i n g t o n , T h e a c t u a l 
m i n e , a c c o r d i n g t o t h e o r i g i n a l l abe l w i t h 
t h e s p e c i m e n , is t h e B e l t a n a B r o k e n Hil l 
M i n e . S o u t h A u s t r a l i a a n d t h e s p e c i m e n 
in q u e s t i o n is in t h e c o l l e c t i o n of the 
N a t i o n a l M u s e u m of N a t u r a l H i s to ry -
S m i t h s o n i a n I n s t i t u t i o n ( M a s o n , pers . 
c o m m . , 1 9 8 3 ) , 

D I O P S I D E , m a n g a n o a n ( s e e a l s o 
s c h e f f e r i t e ) 

R e c e n t m i c r o p r o b e a n a l y s e s of d a r k 
g r e e n t o n e a r b l a c k p y r o x e n e s f r o m 
w e s t e r n A l o d e o r e . N B H C , r e v e a l 
u n u s u a l l y h i g h m a g n e s i u m c o n t e n t s for 
B r o k e n Hi l l p y r o x e n e s . T h e c o m p o s i t i o n s 
r a n g e f r o m m a g n e s i a n m a n g a n o a n 
h e d e n b e r g i t e t o m a n g a n o a n d i o p s i d e 
c l o s e l o C a „ ^ M g , M n „ j F e „ 

G R U N E R I T E 

A r e c e n t m i c r o p r o b e a n a l y s i s of an 
c u m m i n g t o n i t e - g r o u p a m p h i b o l e f r o m 
w e s t e r n A l o d e o re in N B H C p lo t s in t h e 
g r u n e r i t e f ie ld ( s e e Fig, 8 4). T h e m i n e r a l 
w a s a s s o c i a t e d w i t h s u l p h i d e s a n d 
c h l o r i t e . 

H E R C Y N I T E 

D a r k g r e e n to b l a c k s p i n e l c r y s t a l s f r o m 
w a l l r o c k s w i t h i n w e s t e r n A l o d e , N B H C 
M i n e , c o n t a i n u p to 63 m o l % of t h e 
h e r c y n i l e e n d m e m b e r . 

O R T H O C L A S E - M f C R O C L I N E 

A d d i t i o n a l X - ray d i f f r a c t i o n a n a l y s i s o n 
g r e e n l o d e f e l d s p a r f r o m N B H C i n d i c a t e s 
tha t s o m e is o r t h o c l a s e . T h i s s u g g e s t s 
t h e r e m a y b e a c o n t i n u o u s s e r i e s of 
s t r u c t u r a l s t a l e s b e t w e e n o r t h o c l a s e a n d 
m i n i m u m m i c r o c l i n e in t h e s e f e l d s p a r s at 
B r o k e n Hil l , 

P A R A G O N I T E 

S o m e of t h e f i n e - g r a i n e d a l t e r a t i o n 
p r o d u c t s a r o u n d ga t in i t e c r y s t a l s f r o m 
w e s t e r n A l o d e rocks in N B H C h a v e b e e n 
s h o w n by m i c r o p r o b e a n a l y s i s t o b e 
p a r a g o n i t e , not se r i c i te . 

PERCYLITE (see B O L E I T E ; 

R o e p p e r i t e 

M i c r o p r o b e ana lys i s o f the ' t ype ' 
s p e c i m e n of B r o k e n Hi f l r o e p p e r i t e 
(B i r ch , in p r e s s ) g a v e a m a x i m u m Z n O 
c o n t e n t of 0 .34 w t % S e v e n other 
s p e c i m e n s of s o - c a l l e d r o e p p e r i t e f r o m 
t h e Z C & N B H C M i n e s h a v e a l s o b e e n 
a n a l y s e d , w i t h o n l y s m a l l a m o u n t s of z i n c 
( < 0 5 % Z n O ) d e t e c t e d . R o e p p e r i t e c a n 
t h e r e f o r e b e r e g a r d e d a s u n s u b s t a n t i a t e d 
at B r o k e n Nil) 

R H O D O C H R O S I T E , z i n c i a n 

M i c r o p r o b e a n d X - r a y d i f f r a c t i o n a n a l y s i s 
h a v e r e c e n t l y b e e n c a r r i e d o u t o n N M V 
s p e c i m e n s c o n s i s t i n g of f a w n to 
y e l l o w i s h a n d h o n e y - b r o w n b o t r y o i d a l 
c a r b o n a t e m i n e r a l s o n c o n c r e t i o n a r y 
g o e t h i t e . The c o m p o s i t i o n s l ie in t h e 
r a n g e z i n c i a n r h o d o c r o s i t e ( M n / Z n - 7) to 
m a n g a n o a n s m i t h s o n i t e ( M n / Z n - 0.6) , 
S m a l f a m o u n t s of P b a n d C u a re p r e s e n t 
a n d o n l y t r a c e s of C a a n d M g ; Fe is 
a b s e n t (B i rch , u n p u b , da ta ) . 

SAFFLORITE 

X - r a y d i f f r a c t i o n a n d m i c r o p r o b e a n a l y s i s 
o l a n u m b e r of s p e c i m e n s l a b e l l e d 
sa f f l o r i t e r e v e a l t h e m to l oe l l i ng i t e (B i r ch , 
u n p u b , da ta ) . T h e s t a t u s of sa f f l o r i t e is 
n o w in d o u b t at B r o k e n Hil l . 

S C H E E U T E 

R e c e n t o b s e r v a t i o n s h a v e s h o w n that t h e 
s p e s s a r t i n e - g r o s s u l a r g a r n e t ' s a n d s t o n e ' 
o n t h e e d g e of t h e l e a d l o d e . 20 leve l , 
N B H C M i n e , c o n t a i n s u p t o 2 % of 
M o - p o o r s c h e e l i t e a s t e n s i o n g a s h 
f i l l i ngs u p to 3 m m w i d e a n d 15 c m l o n g 
( P l i m e r , u n p u b , d a t a ) . 

S c h e f f e r i t e 

A d a r k r e d - b r o w n c l e a v a g e b l o c k 
l a b e l l e d s c h e f f e r i t e ( i .e. m a n g a n o a n 
d i o p s i d e ) f r o m t h e A u s t r a l i a n M u s e u m 
c o l l e c t i o n h a s b e e n d e t e r m i n e d a s 
b u s t a m i t e b y e l e c t r o n m i c r o p r o b e 
a n a l y s i s a n d X - r a y d i f f r a c t i o n ( P l i m e r , 
u n p u b , da ta ) , 

S M I T H S O N I T E , m a n g a n o a n ( s e e 
R H O D O C H R O S I T E , z i n c i a n ) 

S T A U R O L I T E , z i n c i a n 

S t a u r o l i t e c r y s t a l s u p to 2 m m a c r o s s a n d 
y e l l o w i s h to r e d d i s h b r o w n in c o l o u r a re 

a s s o c i a t e d w i th g a r n e t , b i o t i l e a n d 
o c c a s i o n a l s u l p h i d e s in m a r g i n a l w e s i K i n 
A l o d e r o c k s in the N B H C . The s tau ro l i t es 
c o n t a i n u p to 4 . 5 % Z n O (Bot tn l l . in 
p r e s s ) . 

T I R O D f T E 

A d d i t i o n a l m i c r o p r o b e a n a l y s e s of 
c u m m i n g t o n i t e s e r i e s a m p h i b o l e s in 
w e s t e r n A f o d e o r e f r o m N B H C has 
e x t e n d e d t h e k n o w n c o m p o s i t i o n r a n g e 
( s e e Fig. 8 , 4 ) to (he t i r o d i t e f ie ld 

UNKNOWN Cu. Zn. Ca SULPHA TEH 

Rare s m a l l , p a l e b lue , h e x a g o n a l C ) p la ty 
c r y s t a l s a n d d e e p e r b l u i s h g r e e n 
t r a n s p a r e n t p r i s m s , h a v e recen t l y b e e n 
f o u n d e n c r u s t i n g l e a c h e d g a l e n a f r o m 
o u t c r o p s in the o l d B l o c k 10 leases . They 
c o n t a i n m a j o r C u , Z n , C a , a n d S a n d m a y 
b e r e l a t e d to d e v i l l i n e a n d k t e n a s i t e 

P a g e 29, l ine 33 s e c o n d c o l u m n ; 
E c a n d r e w s i t e is a z i n c a n a l o g u e of 
i l m e n i t e , no t a z inc sp ine l -

P a g e 33, f i f th last l ine, f i rst c o l u m n : 
' p u r c h a s e d by ' s h o u l d r e a d ' d o n a t e d to' . 

P a g e 34, l ine 18, f irst c o l u m n : A l b e r t 
C a m p b e l l s h o u l d r e a d A r t h u r C a m p b e l l . 

P a g e 35, l ine 13, s e c o n d c o l u m n : G o r d o n 
C a m p b e l l a n d Geo f f L i t h g l o w o l B r o k e n 
Hi l l s h o u l d b e a d d e d t o the list of 
i m p o r t a n t c o l l e c t o r s 



APPENDIX VII : ABBREVIATIONS 

^H20 
BIF 
NBHC 

PPL 
^T 
PXPL 
RSZ 
WAL 
XPL 
ZC 

Water activity 
Banded iron-formation 
New Broken Hill Consolidated Mine 
Partial pressure of water 
Plane - polarised light 
Total pressure 
Partly-crossed polarised light 
Retrograde shear zone 
Western A-Lode 
Cross-polarised light 
Zinc Corporation 

Mineral Symbols (largely from Kretz (]983) 

Aim 
Amph 
Bt 
Gah 
On 
Po 
Pxn 
Q 
Sil 
SI 
Sps 

Almandine 
Amphibole 
Biotite 
Gahnite 
Galena 
Pyrrhotite 
Pyroxenoid 
Quartz 
Sillimanite 
Sphalerite 
Spessartine 



1 0 
20 
30 
40 
50 
60 I 
70 t • 
80 ! • 
90 c 
1 0 0 i: 

APPENDIX VIII 

"SELXP:H9" R.BOTTRILL 

REVISED FROM "SELECT" :16/11/83 

PROGRAM TO SELECT PROBE DATA & PRINT MINERAL COMPOSITION AND FORMULA 
(up to 10 Files, 200 analyses and 15 elements) 

(15) ,Mole(15),0xprop(15),Ncations(15),Nanions(15),Element$(15)[9] 
110 DIM Cations(15),Anions(15) ,Elvt(34),Sample$(200)[12],Mineral$(200)[12],Fa$ 
(10,200)[8],EV1(10)rJa(lO),V(12) 
120 SHORT Atomsum 
130 INTEGER I,N,Ne,Nel,Ne2,Ne3,Ne4,An,Nj,N5,Neav,Ij,Aj,F,A,Fi,Aji 
140 PRINT "SELXP : SELECTS PROBE AN7U.YSES AND CALCULATES FORMULAE & AVERAGES 
II 

150 PRINT "(up to 10 Files, 200 analyses and 15 elements)" 
160 PRINT "ASSUMES 1st 7 elements are: Si, Ti, Al, Fe2+, Mn2+, Mg, Ca" 
170 PRINT "Any others may follow." 
180 i 
190 Rerun:LINPUT "HEADING ?",Heading$ 
200 An=0 
210 Anal$="" 
220 Set=0 
230 FOR Fi=l TO F 
240 FOR Aji=l TO Ja(F) 
250 Fa$(Fi,Aji)="" 
260 NEXT Aji 
270 NEXT Fi 
280 F=0 
290 MAT Elv=ZER(30,200) 
300 PRINTER IS 16 
310 GOTO Linpf 
320 ! 
330 ! LOAD FILE 
340 I 
350 Linpf: LINPUT "FILE NAME ?, CONT for same, OR 0 TO STOP ?",File$ 
360 IF File$="" THEN File$=Oldfile$ 
370 IF File$="0" THEN File 
380 IF Anal$="N" THEN Ja(F)=Aj 
390 E^F+1 
400 Fyl$(F)=File$ 
410 Aj=0 
420 ON ERROR GOSUB Error 
430 ASSIGN #1 TO File$&"A:H9" ! MAIN DATA FILE 
440 ASSIGN #2 TO File$&"B:H9" I INFO FILE 
450 READ #2;Ni,Neinax,Unf 
460 REDIM It€TO$(N6Hnax) ,Value(Nemax) 
470 READ #2;Item$(*) 
480 OFF ERROR 
490 IF Anal$<>"N" THEN Singl 
500 FOR Nx=l TO Nemax 
510 IF Lastitens$(Nx)<>Item$(Nx) THEN Incomp 
520 NEXT NX 
530 GOTO Forsets 
540 ! 
550 Incomp: PRINT "THIS FILE IS INCOMPATIBLE WITH ";01dfile$ 
560 INPUT "YOU MAY EITHER: try to continue anyway (1); select another file (2) 
; or stop and print (3)",Inc 



570 ON Inc GOTO Forsets,Linpf,File 
580 • 
590 I SINGLE ANALYSES 
600 ! 
610 Singl: INPUT "Press CX)NT for a single analysis, or ICONT for a series 
of analyses",Set 
620 IF NOT Set THEN Notset 
630 Av=0 
640 INPUT "CALCULATE AVERAGE OF SERIES ? ( CONT /N)",Cas$ 

IF Cas$<>"N" THEN Av=l 
IF File$=01dfile$ THEN Oxno !I!!1 
IF Oldfile$<>"" THEN De=8 
IF 01dfile$<>"" THEN Ifde 

650 
660 
670 
680 
690 
700 
710 

GOTO Dataline 

SINGLE ANALYSES 
720 1 
730 Notset: An=An+l 
740 Ian: INPUT "ANALYSIS No. ?",I 

GOSUB Reads 
IF File$=Oldfile$ THEN Oxno!!!!' 
IF Newf$<>"" THEN De=8 
IF Newf$<>"" THEN Ifde 
! 

DATA ON ATOMIC WEIGHTS, etc 

STILL PROBLEMS 
750 
760 
770 
780 
790 
800 ! ***** DATA ON ATOMIC WEIGHTS, etc ***** 
810 ! 
820 Dataline: DATA 60.09,1,2,79.9,1,2,101.94,2,3,71.85,1,1,70.94,1,1,40.32,1, 
,56.08,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 
830 De=l 
840 Ifde: IF (Item$(1)="DEPTH") OR (Item$(1)="Depth") THEN De=De+l 
850 
860 
870 
880 

FOR N3=De TO Nemax ! 
IF Newf$<>"" THEN Ifmw 
READ Mwgt(Nj) 
READ Cations(Nj),Anions(Nj) 

890 Ifmw: IF Mwgt(Nj)<>0 THEN Ornj 
900 IF Item$(Nj)="NA20" THEN Na 

IF (Item$(Nj)="K20") OR (Item$(Nj)="K20") THEN K 
IF Item$(Nj)="ZNO" THEN Zn 
IF Iten$(Nj)="CL" THEN CI 
IF Item$(Nj)="F" THEN F 
GOTO Inputmwgt 
Mwgt(Nj)=60.98 
Anions(Nj)=1 
Cations(Nj)=2 
GOTO Ornj 
Mwgt(Nj)=94.2 
Anions(Nj)=l 
Cations(Nj)=2 
GOTO Ornj 

DETERMINE MOLECULAR WEIGHTS ETC. 

910 
920 
930 
940 
950 
960 Na: 
970 
980 
990 
1000 K: 
1010 
1020 
1030 
1040 Zn: Mwgt(Nj)=81.31 
1050 Anions(Nj)=l 
1060 Cations(Nj)=l 
1070 GOTO Ornj 
1080 CI: Mwgt(Nj)=35.5 
1090 Anions(Nj) =-.5 
1100 Cations(Nj)=lE-20 
1110 GOTO Ornj 
1120 F: Mwgt(Nj)=19.GO 
1130 Anions(Nj)=-.5 
1140 Cations(Nj)=lE-20 



LABEL ELEMENTS 

1150 GOTO Ornj 
1160 1 
1170 Irputmwgt:PRINT "MOL. WGT., No. CATIONS and No. ANIONS IN "&Item$(Nj)&" ?' 
1180 INPUT "?",Mwgt(Nj),Cations(Nj),Anions(Nj) 
1190 Ornj: Oxrat(Nj)=Anions(Nj)/Cations(Nj) 
1200 NEXT Nj 
1210 
1220 
1230 
1240 De=l 
1250 IF (Itein$(l)="DEPTH") OR (Item$ (1) ="Depth") THEN De=2 
1260 FOR Ne3=[)e TO Nemax 
1270 Pos2=POS(Item$(Ne3) ,"2") 
1280 Element$(Ne3)=Item$(Ne3)[1,2] 
1290 IF Pos2=2 THEN Element$(Ne3)=Item$(Ne3)[1;1] 
1300 NEXT Ne3 
1310 ! 
1320 ! 
1330 IF Item$(5)<>"FE203" THEN Oxno !!!!!! 
1340 Mwgt(5)=159.70 
1350 Cations(5)=2 
1360 Anions(5)=3 
1370 Oxrat(5)=1.5 
1380 ! 
1390 Oxno:INPUT "No. OF OXYGENS IN MINERAL FORMULA ?",Nox 
1400 Forsets: IF Set THEN GOSUB Sets 
1410 IF Set THEN GOTO File 
1420 GOSUB Ratios 
1430 GOTO Display 
1440 
1450 
1460 
1470 Ratios: 0xsum=0 
1480 FOR Nel=De TO Nenax 
1490 Mole(Nel)=Value(Nel)/Mwgt(Nel) ! MOLECULAR PROPORTIONS OF CATIONS 
1500 Oxprop(Nel)=Mole(Nel)*Anions(Nel) 1 MOLECULAR PROPORTIONS OF ANIONS 
1510 Oxsum=Oxsum+Oxpr op (Nel) 
1520 NEXT Nel 
1530 Factor=Nox/Oxsum 
1540 Atomsum=0 
1550 FOR N=i:)e TO Nemax ! CALCULATE FORMULA 
1560 Nanions(N)=Factor*Oxprop(N) 
1570 Neations(N)=Nanions(N) /Oxrat(N) 
1580 N2=Nemax+N 
1590 Elv(N2,An)=Ncations(N) 
1600 Atomsum=Atomsum+Nanions(N)+Ncations(N) 
1610 NEXT N 
1620 Nfinal=N2+l 
1630 Elv(Nfinal,An)=Nox 
1640 Elv(Nfinal+1,An)=Atomsum 
1650 Elenient$(Nennax+l)="Oxygen " 
1660 Eleraent$(Nemax+2)="No. atoms" 
1670 Hcl=Hf=0 
1680 FOR H=1 TO Nemax 
1690 IF Item$(H)="CL" THEN Hcl=H 
1700 IF Item$(H)="F" THEN Hf=H 
1710 NEXT H 
1720 IF (AnOl) AND NOT Set THEN Display 
1730 RETURN 
1740 ! 

CALCULATE ELEMENT RATIOS 



1750 1 DISPLAY FOR CHECKING 
1760 1 
1770 Display:PRINT LIN(l);SPA(12);Sample$(An);LIN(1);SPA(12);Mineral$(An);LIN(1 
1780 FOR Ne4=De TO Nemax 
1790 PRINT USING "9A,4D.4D";Item$(Ne4);Elv(Ne4,An) 
1800 NEXT Ne4 
1810 PRINT LIN(l) ;"TOTAL ";SPA(3) ;Total;LIN(l) ;RPT$ ("_'M8) ;LIN(1) 
1820 FOR Ne2=De TO Nemax 
1830 PRINT USING "9A,4D.4D";Element$(Ne2);Elv(Ne2+Nemax,An) 
1840 NEXT Ne2 
1850 PRINT LIN(1);"Oxygens ";Nox;LIN(2);"No. atoms ";AtQmsum;LIN(l) 
1860 Oxch$="" 
1870 INPUT "CHANGE OX. NO. ? (Y/ )",Oxch$ 
1880 IF Oxch$="Y" THEN GOTO Oxno 
1890 ! 
1900 ! NEW RUN 
1910 i 
1920 Oldfil: Oldfile$=File$ ! i 11 M I! 111 i 111111 
1930 Newf$="" 
1940 INPUT "Continue with this File or Stop ? ( /O) ",Newf$ 
1950 1 INPUT "New File / Same or Stop ? (N/ /O) ",Newf$ 
1960 IF Newf$="" THEN GOTO Ian 
1970 IF Newf$="N" THEN GOTO Linpf 
1980 ! 
1990 I ** FILE ** 
2000 ! 
2010 File: Oldfile$=File$ 
2020 IF NOT Set THEN Gsp 
2030 Ja(F)=Aj 
2040 Ff=F 
2050 IF Av THEN GOSUB Average 
2060 Gsp: GOSUB Printing 
2070 Rerun$="" 
2080 INPUT "Another run ? (Y/N)",Rerun$ 
2090 IF Rerun$="Y" THEN GOTO Rerun 
2100 GOTO Optout 
2110 ! 
2120 I ***** PRINTING SUBROUTINES ***** 
2130 1 
2140 Printing: Noc=6 
2150 Hcopy=16 
2160 PRINT LIN(4) 
2170 GOSUB Printout 
2180 Tp$="" 
2190 INPUT "PAPER PRINT ? : Thermal or 2601A or CONT (T/2/ )",Tp$ 
2200 INPUT "Number of columns / page ? (up to 7 on Thermal Printer, or 12 on Dc 
i sywheel).",Nocp 
2210 Noc=Nocp 
2220 IF Nocp=0 THEN Noc=6 
2230 IF Tp$="" THEN RETURN 
2240 IF Tp$="T" THEN Hcopy=0 
2250 IF Tp$="2" THEN Hcopy=ll 
2260 IF Hcopy THEN Prll 
2270 PRINTER IS Hcopy,WIDTH{80) 
2280 GOTO Printout 
2290 Prll: PRINTER IS Hcopy,WIDTH(156) 
2300 ! 
2310 1 PRINTOUT 
2320 I 
2330 Printout: J=An 



2340 IF Av THEN J=J+1 
2350 ! IF Hcopy=ll THEN PRINT PAGE 
2360 ! IF Hcopy=0 THEN PRINT LIN(6) 
2370 PRINT "SELECTED ANALYSES FROM :"; !! ;SPA(32) ;RPT$ ("*'M7) ,LIN(1) 
2380 FOR F=1 TO Ff 
2390 PRINT Fyl$(F);" : 
2400 FOR A=1 TO Ja(F)-l 
2410 PRINT Fa$(F,A) 
2420 NEXT A 
2430 PRINT Fa$(F,Ja(F)) 
2440 PRINT SPA(24) ; 
2450 NEXT F 
2460 PRINT LIN(l) 
2470 PRINT Heading$;LIN(l);RPT$("*",LEN(Heading$)) 
2480 FOR Ij=l TO J STEP Noc 
2490 PRINT LIN(1);SPA(10); 
2500 FOR Jno=Ij TO Ij+Noc-1 ! Print headings to colurms 
2510 IF Jno>J THEN Nxtjno 
2520 PRINT SPA(10-LEN(Sample$(Jno))) ;Sanple$(Jno) 
2530 Nxtjno: NEXT Jno 
2540 PRINT LIN(1);SPA(10); 
2550 FOR Jno=Ij TO Ij+Noc-1 
2560 IF Jno>J THEN Nextjno 
2570 Mineral$ (Jno) =TRIM$ (Mineral? (jno)) 
2580 PRINT SPA(10-LEN(Mineral$(Jno)));Mineral$(Jno) 
2590 Nextjno: NEXT Jno 
2600 PRINT LIN(l) 
2610 MAT Tot=ZER 
2620 FOR Ne=De TO Nemax 
2630 PRINT USING "# ,9A"; Iten\$ (Ne) 
2640 FOR Ino=Ij TO Ij+Noc-1 
2650 IF Ino>J THEN Nextino 
2660 Colum=Ino-Ij+l 
2670 PRINT USING "#,6D.4D";Elv(Ne,Ino) 
2680 Tot(Colum)=Tot(Colum)+Elv(Ne,Ino) 
2690 IF NOT Hcl THEN Fv 
2700 Vcl=,4211*Elv(Hcl,Ino) 
2710 Tot(Colum)=Tot(Colum)-Vcl 
2720 Fv: IF NOT Hf THEN Pit 
2730 Vf=.2256*Elv(Hf,Ino) 
2740 Tot (Colum) =Tot (Colum) -Vcl 
2750 Pit: V(Colum)=Vf+Vcl 
2760 IF Ne=l THEN Tot (Colum) =0 
2770 Nextino: NEXT Ino 
2780 PRINT 
2790 NEXT Ne 
2800 IF Hf OR Hcl THEN Fcl 
2810 PRINT LIN(1);"TOTAL "; 
2820 FOR Colin=l TO Colum 
2830 PRINT USING "# ,60.4D";Tot(Colm) 
2840 NEXT Colm 
2850 PRINT LIN(2) 
2860 GOTO Forne4 
2870 Fcl: PRINT LIN(l),SPA(9) ; 
2880 FOR Colm=l TO Colum 
2890 PRINT USING "#,6D.4D";Tot(Colm) 
2900 NEXT Colm 
2910 PRINT LIN(1);"0=F,CL 
2920 FOR Colm=l TO Colum 
2930 IF Hf OR Hcl THEN PRINT USING "# ,6D.4D" ;V (Colm) 



2940 
2950 
2960 
2970 
2980 
2990 
3000 
3010 
3020 
3030 
3040 
3050 
3060 
3070 
3080 
3090 
3100 
3110 
3120 
3130 
3140 
3150 
3160 
3170 
3180 
3190 
3200 
3210 
3220 
3230 
3240 
3250 
3260 
3270 
3280 
3290 
3300 
3310 
3320 
3330 
3340 
3350 
3360 
3370 
3380 
3390 
3400 
3410 
3420 
3430 
3440 
3450 
3460 
3470 
3480 
3490 
3500 
3510 
3520 
3530 

NEXT Colrn 

PRINT 
PRINT SPA(12) ;RPT$(" 
PRINT LIN(l);"TOTAL 
FOR Colm=l TO Colum 

",Colum) 
"T 

f 

PRINT USING "#,6D.4D";Tot(Colm) 
NEXT Colra 
PRINT LIN(2) 
! 11111111111111111111111111111111 

Forne4: FOR Ne4=De TO Nemax+2 

IF Hcl OR Hf THEN Element$(Nemax+l) ="0,0H,CL,F" 
PRINT USING "#,9A";Element$(Ne4) 
FOR Ano=Ij TO Ij+Ncx:-1 

IF Ano>J THEN Nextano 

PRINT USING "#,6D.4D";Elv(Ne4+NQnax,Ano) 
Nextano:NEXT Ano 

IF (Ne4=Neroax) OR (Ne4=Nemax+l) THEN PRINT LIN(l) 
PRINT 

NEXT Ne4 
IF Hcopy=ll THEN PRINT PAGE 

NEXT Ij 
Jf=J 
PRINTER IS 16 
RETURN 

****************** ERROR TRAPS ******************** 

Error: ! Check for errors 56,59,80,& 89 
BEEP 

IF ERRN=56 IHEN E56 
IF ERRN=59 THEN E59 
IF EkRÎ -SO THEN E80 
IF ERRN=89 THEN E89 

Ex: PRINT ERRM$ 
BEEP 

PRINT "PROGRAM TERMINATED" 
BEEP 
STOP 

E56: DISP "File not yet created. Try again." 
WAIT 3000 
GOTO Linpf 

E59: PRINTER IS 16 
GOTO Ex 

E80: DISP "Disc NOT in. Put it in then " ; 
GOTO Exl 

E89: DISP "CHECK READ error. " ; 
Try=Try+l 
IF Try>3 THEN E89a 
DISP "Try again 
GOTO Exl 

•I. 
I 

E89a: DISP "Try another tape 
Exl: BEEP 

DISP "press CONT" 
PAUSE 
RETURN 

SUBROUTINE SETS *************** 

It. 



3540 ! READS ANALYSES (a series of numbers may be read) 
3550 1 
3560 Sets: IF NOT Aj THEN PRINT LIN(2);" NEXT ANALYSIS No.?" ;LIN (2) ;"0R first 
and last of SERIES (separated by -)" 
3570 IF NOT Aj THEN PRINT "OR OONT to STOP";LIN(1) ;"0R N to change file ?" 
3580 Anal$="" 
3590 BEEP 
3600 INPUT " ? ",Anal$ 
3610 IF Anal$="N" THEN Chf 
3620 IF Anal$="" THEN RETURN 
3630 Pos=POS(Anal$,"-") 
3640 Aj=Aj+l 
3650 Fa$(F,Aj)=Anal$ 
3660 IF Pos THEN Block 
3670 I=VAL(Anal$) 
3680 An=An+l 
3690 GOSUB Reads 
3700 GOSUB Ratios 
3710 GOTO Sets 
3720 Block: Start=VAL(Anal$[l,Pos-l]) 
3730 End=VAL(Anal$ [Pos+1]) 
3740 IF Start>End THEN Backwards 
3750 FOR I=Start TO End 
3760 An=An+l 
3770 GOSUB Reads 
3780 GOSUB Ratios 
3790 NEXT I 
3800 OFF END #1 
3810 OFF END #4 
3820 Anal$="" 
3830 GOTO Sets 
3840 Backwards:DISP "FIRST NO. > SECOND NO.! - RE-ENTER!" 
3850 BEEP 
3860 WAIT 3000 
3870 GOTO Sets 
3880 Chf: ASSIGN #1 TO * 
3890 ASSIGN #2 TO * 
3900 FOR Nz=l TO Nemax 
3910 Lastitems$(Nz)=Item$(Nz) 
3920 NEXT Nz 
3930 Oldfile$=File$ !!!!!!!!!!!!!!!!!! 
3940 GOTO Linpf 
3950 ! ! 
3960 ! READING ANALYSIS 
3970 ! 
3980 Reads: READ #1,1;Sample$(An),Mineral$(An),Value (*) ! READ ANALYSIS 
3990 Total=0 
4000 De=l 
4010 IF (Item$(l)="DEPTH") OR (Item$(1)="Depth") THEN De=2 
4020 FOR Ne=De TO Nemax 
4030 Elv(Ne,An)=Value(Ne) !! ??????????????????????? 
4040 Total=Total+Value(Ne) 
4050 NEXT Ne 
4060 Elv(Ne,An)=Total !!?? 
4070 RETURN 
4080 ! 
4090 • AVERAGE OF SET OF ANALYSES ****** 
4100 ! 
4110 Average: N5=2+2*Nemax 
4120 MAT Elvt=RSUM(Elv) 



AVEIV.GE " 
of "&VAL$(An) 

4130 
4140 
4150 
4160 
4170 
4180 
4190 
4200 
4210 

4220 Optout: PRINT LIN(12),SPA(36) 
IN(1),SPA(36) 
4230 STOP 
4240 END 

FOR Neav=l TO N5 
Elv(Neav,An+l)=Elvt(Neav)/An 

NE>CT Neav 
Sample$(An+l)=" 
Kjineral$(An-fl) =" 
RETURN 

FINISH 

" , L I N ( 1 ) , S P A ( 3 6 ) T H E END 

N.B. This computer program is written in the 'enhanced' form of Basic 
used by Hewlett-Packard computers. 



>006381459 
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