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ABSTRACT

The Sherridon Group, a stratigraphic unit of the

Kisseynew gneiss belt, neer Sherridon, Manitoba is typically

dominated by quartz-rich gneisses. Discontinuous lenses of

cordierite-anthophyllite rocks, the focus of the present

study, occur within these quartz-biotite gneiss units,

These cordierite-anthophyl I ite gneisses àre extrernely

coårse-grained in places, and åre spatially åssociated with

barren (Star Lake) and sulfide-rnineralized zones (Sherridon;

EIken Lake). The present chemical composition of the Star

Lake-EIken Lake gneisses indicates hydrothermal alteration

of a basaltic progenitor producing chlorite-rich alteration

pÍpes" This alteration involves a depletion in alkati and

alkaline earth elements with an apparent enrichment in AI

and Mq å5 ët function of conEtant surnmation" These chemÍca1

modifications are the result of reactions between heated

seawater and basaltic rocks of the crust. A rnodern analoeue

of the Sherridon Group environrnent might be the shel f and

slope deposits of modern island årcs,
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(I

(i

) INITRODUCTION

) Statement of Problem

A prorninent cordierite-anthophyllite assemblage

occurs between Kississing Lake and star Lake, f'lan itoba
(known as the SherrÍdon structural basin, Goetz lgBo). This

structure is underlain by rocks of the sherridon Group, a

stratigraphic unit of the Kisseynew gnei.ss beI t, near

Sherridon, Manitoba.

The origin of cordierite-anthophyl I ite bearing

rocks is obscure. They do not have åny obvious chemical

counterparts arnong comrnon sedimentary or igneous rocks.

chemicallyr these rocks rånge frorn silica-poor to silica-
rich" They are aI I marked by deficiencies in ca and

aIkaIies, and relative enrichments in Al, Mg, and Fe.

cordierite- anthophyl l ite gneisses are alrnost always

associated with Fe -sulfides and base metal mineralization,

These rocks have been regarded ås al lochernical metarnorphic

products (EskoIa 1914), and commonly form in high-qrade

reg iona I rnetamorphic terranes , suggesting a ctrrnrnon orig in
for aII occurrences.

A detailed mineralogical and chemical stuoy wès

done in the star Lake Elken Lake area of the sherridon

structure (Figures 1 and 2) " The objectives of this work

are (i) to identify the mineralogical and chemical character
of the cordierite-anthophyllite unit; (ii) to compare it to

other known occurrentres; (iii) to define the processes

-1-
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leading to the observed I ithologies " The origin and

character of the original protolith can then be considered,

with a view to establ ishing chemical and mineralogical

parameters that discrimÍnate between the barren assernblace

at star Lake and the sulfide-mineralized zones at sherridon,

Man i toba .

( ii ) Plevious Work:

Bateman and Harrison (L94c) mapped the eastern

portion of the Sherridon Structure. These authors primarily

mapped west of the Batty Lake årea ( Figure I ) ¡ and

discovered the first textural evidence of a volcanic origin

for sorne of the amphibolites near sherridon" They classifÍed

thern ås volcanic breccias and reported deformed pil low

struc tures .

The anthophyllite-bearing rocks of the Sherridon

Group were fírst recognized by Robertson (1955). In his

study of the Batty Lake rnap-årea , whic h ad j oins the

Sherridon map-area, he described two main rock types:

quartz-rich and hornblende-rich gneiEses. These units are

àssociated with thin intercalations of I imestone and

anthophyl Iite-rich rocks. The band of anthophyl Iite-rich

rock was traced from east to west in the map-area, and,

although not rnentioned by Bateman and Harrison (1g46), wès

found at several Iocalities in the Sherridon area (Figure

2). This band contained the characteristic mineral

assernb I ages :

-4-



( i ) an thophy I I i te-cumrning ton ite-bioti te
( ii ) anthophyl l ite-biotite-alrnandine

( iii ) anthophyl I ite-cordieri te-biotite

( iv ) an thophy I I i te-cord ieri te-bioti te-a I rnand ine

varying in width from 15 to 50 rneters and occupying a

relatively constant stratigraphic horizon 150 to 25o rneters

above the base of the Sherridon Group. Robertson (lgSJ)

suggested that the mineral assernblages in the anthophyllÍte

band represented the products of iron-magnesium metasorn¿tism

of an aluminiurn-rich sedirnent or tuf f , with the Iatter

option possibly favoured by the wide lateral developrnent and

apparent continuity of the band"

Wilkinson (1976) did detailed petrographic work on

the anthophyllite-bearing rocks of the Sherridon Group, with

ernphasis on the Elken Lake area. He noted the similarity

of enrichment in Mgr Fe and Al in the sherridon cordierite-

anthophyllite rocks with alteration zones related to massive

sulfide deposits, suggesting that the rock type coul.d have

been deposited es a chernical sediment on the sea floor.

Other studies of the èrea include those by Goetz

( 19BO) , Froese and Goetz ( 1981 " I9B2) and Froese ( 1985 ) .

These authors suggest that the protolith of the cordierite-

anthophyllite rocks could have been å chlorÍte-rich rock

representing transported and altered material from an

unknown Fource.

-5-



Al teration zones in volcanic rocks åre cornrnon Iy

åssociated with sulf ide rnineralization, whereas rnðny

stratiform lenses of cordierite-anthophyltite rocks in the

sherridon Group occur structurally far removed from sulfi.de

deposits. According to these authorsr ås most cordierite-

anthophyllite rocks lie on the lower ore-bearing horizon

(Figure 21, and due to their representative compositions,

these rocks required a chlorite -rich protolith, åssociated

with sulfide deposition (Froese and Goetz, 1981; L9A2l.

This study wi I I , therefore, focus on the

mineralogical and chemical character of the cordierite-

anthophyltite unit in order to define possible processes

leading to the observed lithogies.

( I i ) GEOLOC¡ICAL SETTING OF THE SHERRIDON AREA

(i)

The FIin FIon region, including the southern edge

of the Kisseynew Complex, was first mapped by Bruce (1g18).

The first subdÍvision of the KÍsseynew gneisses, north and

east of Flin Flon in northern Manitoba and Saåkatchewan, was

rnade by Bateman and Harrison (L946 ) for the rocks of the

Sherridon areå. They recognized three groups:

( i ) the Pre-Sherridon Group consisting of

quartzofeldspathic gneisses in the centre of the

Sherridon structure, pre-dating the Sherridon Group in

which the orebodies occur;

-6-



( ii ) the Sherridon Group consisting of å group of

distinctive quartzÍtes interbedded with hornblende-

p1àgÍoclase gneisses that are metarnorphosed volcanic
flows; these Iie in places upon sherridon gneisses but

elsewhere rest on still older sedimentary gneisses¡

(iii) and the Post-Sherridon 6roup; these dark green

hornblende-rich gneisses overl Íe the sherridon 6roup

quartzites.

Robertson (1953) later suggested that the pre-

Sherridon Group of Bateman and Harrison (L946) is older than

the sherridon Groupr ("sherridon rocks occupy Ër synclinal
structure" ) , and renamed it the Nokornis Group. Later
investigations in the Kisseynew Complex (BaiIes, LgTL)

suggested that the sherridon Group correlates with the Missi
Group of the Flin Flon belt, and that the Nokornis Group

corre l ates wi th the Amisk Group sed irnen ts . The main

subdivisions of the Kisseynew complex thus include Missi
Group paragneisses (metasedÍmentary rocks with some

associated volcanic rocks) surrounded by older Amisk Group

metasedirnen tary rocks.

6rey, medium grained, quartz-plagioclase-biotite

gneisses and migmatites predorninate in the Nokomis GrouÞ.

In addition to a gneissic fabric, the rocks locally have

cornpositional Iayering 10 to 1oo cm wide, defined by slight
variatÍons in biotite content.

The SherrÍdon Group has been divided into five

-7-



stratigraphic unÍts (Froese and Goetz, 1981¡ Figure 4)

lower three units are:

The

( i )calc-si I icate gneisses;

(ii)lower quartz-rich gneisses (wÍth Iayers of

amphibolite, pel.itic gneiss, calc-silicate

gneisses. Massive sulfide depositg occur

along two stratigraphic horizons associated

(in sorne localities) with cordierite-

anthophyl I ite rocks ) ;

(iii)impure rnarble-caIc-silicate gneisses with

thin layers of calc-silicate gneisses

arranged in a progressively younger sequence

frorn the edge to the centre of the 'Sherridon

structural basin', with no repetition of

units by folding observed.

The most abundant rock in the Sherridon Group is à fine- to

medium-grained quartz-rich gneiss consisting of quartz,

oligoclase-andesine, K-feldspar, biotite and fine-grained

almandine (TabIe 1). This unit is characterized by

prominent quartz ridges on weathered surfaces, and Iayers of

biotÍte (compositional layering on a scale of 10 to 30 cm)

near the base of the Sherridon Group" Cord ieri te-

anthophyllite rockE occur as discontinuous lenses within

these quartz-rich gneisses" ïhey are coarse-grained with

garnet and anthophyllite crystals up to 10 cm in size. Most

occurrences 1ie in the Iower ore-bearing horizon, in å few
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1¡.ble ol FúruriG

TAEI-E l¡ Litholoqic units ol thê Sherridon Group in thc
vicinity of Sherridon Èlènitobà (Froese ånd Goetz, lg8l).

Croup L¡ùþloty

¡ntrusive
Ræks

( l2 ) Felsic pegmar¡te.

( ll ) Greodi$¡te, mêdium t.aiÉd, compoæd of quarrzl
plàg¡æla*, K fêldspar, ðd b¡otite-

( l0) Py-rcxoire, ma$ive, compored of horñbl6de p5ædômorphs
a¡ter pyroxse.

(9) Gaböro, mñive !o foliatêd, composd of ptag¡ælaæed ho-nblñde.

Sher¡idon
GroÐ

(8 ) Masive amphibolitê compo*d of plagiælase, ho.nblødê,ùd qðanet.

( 7 ) Amph¡bot¡tc with læa¡ layêr¡ng ed prê*nce of fêls¡c clðsrs:
composed of q€.r2, plàg¡ælas, hornblende, ðnd Rðrnet.
Mrrca amount of felsic faðgmental rock-

(6 ) lmpre marblc md a"la-.¡¡i-.uta ræks; marble beds dist¡nRu¡jhêd
by a high (50S) cmtenr of càlcitê.

(J) Calc-s¡ticare.rocks, composcd of qu¿¡rz, plag¡ætajê,
hdnb¡6de, diop3ide, úd calcite.

Cordierite-úrhophyll¡te rocks, composed ot co.dierite,
anthophyllite, ed ga¡nê1, with mircr àmounts of quarrz and
D¡ot¡rÊi sme æcuÍence5 a$æiated gith $¡phide
miæraliz¿t¡d.

(4) Peliric {h¡sts, compos€d of quartz, p¡ôtiælase, biotite,
s¡rrmù¡te, gaaæ¡r and cord¡crite; typ¡cally ru5¡y
weaÙEring, a$oc¡ated wirh sulphide miæral¡zarim.

(l) Brolire-gùñet schisr, composed ot quàrtz, ptagiælase,
btotire and gàrnet; charðctcrizcd by jmal¡ eh¡dralga.ñ.t psphyroblasrs,

(2) Quàrtz..ich tnetsse5, composed of quarrz, pl¡giælase, K fe¡dso¡r.o¡ortte, ud garnet. 5omê interlðyered calc-si¡icarc sd
pelir¡c gñei$es,

Nokomis Croup ( l) Quarrzofeldspàrh¡c gæi$ês, migmar¡tês, ônd granrtoid ßkisses.
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plåces below the sulfide layer, but rnore commonly along

unrnineral ized sections of the cordierite-anthophyl I ite

horizon Star Lake¡ (Figure 2). Calc-silicate rocks åre

also interlayered with quartz-rich gneisses, These åre

fine- to medium-grained, greyish-green rocks composed

mainly of quartz, andesine-labradoríte and hornblende, with

sporadic K-feldsparo biotite, scapolite, diopside and

calcite. The interlayered impure marble and calc-silicate

rocks have å similar mineralogical composition but with

higher contents of calcite and the presence of Cr-bearing

grossular, The amphibolites form severåI continuous layers

within the quartz-rich gneisses; they are rnainly dark greyr

fine- to medium-grained rocks of hornblende, garnet,

quartz r plagioclase and trace arnounts of biotite.

Later investigations of the Kississing Lake rnåp

area (Schledewitz, l98B) have resulted in four mappable

components for the Kisseynew gneisses. These four components

are considered to be sedimentary and./or volcanic derived

metamorphic rocks. Two rnajor lithostratigraphic units are

the Burntwood River (oldest metamorphic site (Nokornis Group;

Robertson, 1953)); ån aluminous - graphite bearing biotite

gneiss and the younger Missi metarnorphic suite which is

predominantly composed of quartzofeldspathic rocks that are

variably magnetiferous and hornblende bearing.

The two rernaining Iithostratigraphic components

have been placed into a category of rocks of uncertain

-10-



affinity and/or åge. These include a suite of arnphiboLite

+/- garnet, calc silicates and hornblende biotite
garnet feldspar quartz gneiss Iying discontinuously

between the Burntwood and Missi metarnorphic suites. It is

uncertain whether or not they are part of the Burntwood or

Missi suite of rocks. The second is the Sherridon

rnetamorphic suite (sherridon Group, Bateman and Harrison,

L946; Froese and 6oetz, 1981 ) which is considered to be å

highly recrystallized and tectonized varied suite of rocks

of uncertain age and affinity.

A new structural interpretation suggests that the

sherridon rnetamorphic suite rnay be older than the Missi

suite (Zwanzigr 1988). Sherrídon gneisses have been

considered to be younger than the surrounding gneisses

(Baternan and Harrison, L946; Froese and Goetz, l9B1) but the

type section at sherridon is surrounded by grðnitoid rocks

and has an unknown stratigraphic position. sÍmilar gneisses

north and east of t¡la I ton Lake I ie between two be I ts of

Burntwood River metagreywacke (contact locally gradational ).
The metagreywacke is stratigraphical ly overlain by the l'4issi

suiter which suggests that the sherridon suite IÍes in the

core of ån anticline and is equivalent to or older than the

Burntwood River suÍte.

Southwest of Meat Lake, Sherridon type gneiss is
traced Iateral Iy into less coarsely recrystal Iized rocks

that appeår to represent basaltic, dacitic and intermediate

-1 1-



metåvolcanic rocks, IocaI 1y interlayed with greywacke

derived gneiss. This part of the Sherridon suite is

tentatively correlated with the Amisk Group (Zwanzig¡ 19BB).

Recent work in the Wi Idnest Lake areå,

saskatchewan has also led to the recognition of a suite of

Kisseynew gneisses which é¡re strikingly similar to those of

the sherridon Group in the vicinity of sherridon, but which

have been assigned to the Amisk Group (Ashton et aI r lg86;

LqA7r. These geological observations, therefore, cast sorne

doubt on the correlation between the sherridon Group in the

vicinity of sherridon and the Missi Group. The possibility

must be considered that the Sherridon Group, like the

t,Jildnest Lake suite, is largely of volcanic origin and Ís

equivalent to å part of the Amisk Group (Ashton and Froese,

19BB),

(ii) Star Lake - Elken Lake: LocaI Geoloov and Stratioraohv

The garnet-anthophyllite gneiss zone at Star Lake is

considered to be, by sorne authors¡ ån extention of the

cordierite-anthophyllite rocks near sherridon, Manitoba,

where massive sulfide deposits are found along the safiìe

stratigraphic horizon. In places, this prominent garnet-

anthophyllite gneiss zone is extrernely coarse-grained and is

underlain by ð siliirnanite-bearing unit" t^Jithin the garnet-

anthophyl Iite rocks, three mappable units have Þeen

relcognized by Gunter and Yarnada ( 1986 ) . From the structural
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base upwards, these units contain:

( 1 ) quartz-qarnet-anthophyl Iite-biotite

(21 garnet-anthophyllite +/- cordierite

(3 ) anthophyl Iite-cordíerite

Unit 1 is characterized by I to 2 crn språys of

fine-grained needle-]ike anthophyllite and platy aggregates

of brown to black biotite, both of which tend to concentrate

in rnonomÍnerallic bands paralIel to the bedding planes. The

garnets åre generally 2 to 4 cm in diameter, and occur in a

very fine-grained quartz-rich groundrnass (photographs l, 5).

Quartz-cordierite aggregates åre IocaI Iy present, and

pegmatites intruding the unit tend to develop biotite-rich

selvages in contact with euhedral cordierite grains

( photographs 2, 3) " Euhedral crystals of K-feldspar,

quartz, biotite, cordierite and garnet are present. In

addition, tourmaline aggregates are aLso found in the upper

part of unit I (photograph 4).

t¡U_t _Z is composed mainly of circular to

ellipsoidal snowball garnets 5 to 6 cm in diameter, stellate

groups of dark brown anthophyllite,2 to 5 cm in length and

locally abundant 2 to 5 crn blue-white weathered cruartz-

cordierite aggregates (photographs 6, 7, 8). This unit is

conspicuously zonedr with a garnet-rich base grading upward

into ån åpproximately equal mixture of garnet, anthophyltite

and cordierite" Pegmatites intruding this unit do not seem

to have reacted with it, ås there åre no biotite selvages
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PHOTOGRAPH 1
Unit l: 1 - ? cm sprays of fine-grained needLe-lrke
anthophyl lite, platy aggregates of brown-bIack biotite and
garnets rang ing f rorn 2 to 4crn in d iameter Ín a f ine-c ra ined
quartz-ric h cord ierite q roundrnass.

PHOTOGRAPH 2
Unit l: pegmatite (pçm) intrudinç unit 1. Note the biotrte(Bt) rich shelvages in contact with euhedral cordierrte,
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PHOTOGRAPH 5
unit l: euhedral qordierite (crd) rn peqrnåtÍte intrusÍon ofunit 1.

PHOTOGRAPH 4
unit l: euhedral tourrnaline (Tur) found in the upper part of
unit 1.
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PHOTOGRAPH 5
Unit 1¡ abundant inclusions of quartz in large garnet (Ert)porphyroblast of unit 1.

PHOTOGRAPH ó
unit 2: circular to erlipsoidal 'snowbaII' garnets, bJ.adedto stei late groups of anthophyr r ite, and Iocat Iy abundantblue-white weathered quartz-cordierite àggregates.
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PHOTOGRAPH 7
Unit 2: 5-6 cm 'snowball' garnets (Grt), Z-J cm dark brown
groups of anthophyilite (Ath) blades and 2-S crn euartz-
cordierite agqreqates.

PHOTOGRAPH E|a
Unit 2: contact of coarser-çrained unit 2 (circular to
eI Iipsoidal 'snowbal I' garnets, bladed to stel tate groups of
anthophyl tite and blue-white weathered quartz-cordierite
açgregates) wÍth the finer-qrained quartz-rich unit 1.
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found near the contacts (photograph 9) " Sitlimanite-rich

zones occur at contacts between units I and 2, and adjoin å

finer-grained garnet-rich layer in unit 1 (photographs 1O,

11). In the northwest area of Elken Lake (unit 2), there is

disseminated pyrrhotite, chalcopyrite and minor pyrite along

the såme main ore-bearing horizon ås the Sherritt Gordon

orebodies. However, in this cåse, the sulfide is thin,

stratiforrn, weakly disseminated and rarely attains a

thickness greater than a few rneters.

Unit 3 is composed of coårse-grained (5 to 10 cm)

elongated to slightly stel late bundles of anthophyl I ite

oriented parallel to bedding (photograph L2ì' " Cordierite

occurs as 5 to 5 crn anhedral quartz-cordierite aggregates

interstitiai to the anthophyl lite aggregates ( photograph

13). Both the lower and upper contacts of units 2 and 3 are

transitional over I to 3 m; and are conformable with the

f Iattened garnets and anthophyl 1Íte Iineations ( photographs

L4, 15).

In general, these units contain Iarge,

poikiloblastic radiating sheaves of anthophyllite, which rnay

be as much as 10 cm long, poikiloblastic dark-bIue to

purple cordierite ( frequently altered to pinite, and

containing quartz inclusions), Iarge poikiioblastic pink

garnets, with biotite and quartz making up much of the

rernåinder of the rock. Intergrown in the gneisses are

magnetite, green spinel, staurolite and chlorite, with minor
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PHOTOGRAPH Ab
Unit 2: contact of coarser-grained unit 2 (circular to
eI I ipsc"lidal 'snowbal I ' garnets, bladed to stel late groups of
anthophyl I ite and blue-white weathered quartz-cordÍerite
aggregates) with the finer-qrained quartz-rich unit 1.

PHOTOGRAPH 9
UnÍt 2: contact of unit 2 with pegmatite (pgm) intrusion,
showing no sign of biotite selvaçes that åre typical of unrt
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PHOTOGRAPH 10
si I I imanite-rich ( si I ) zone located Ín stratiform tectonic
contacts between units 1 and 2, and adjoining a finer-
grained garnet-rich layer in unit 1.

PHOTOGRAPH 11
Coarse-grained sillimanite (Sil ) f rorn the sillirnanite_rrch7nñê
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PHOTOGRAPH L2
Unit 3: 5-lO crn elongated to slightly stell.ate bundles of
anthophyl Iite (Ath) with quartz-cordierite (Crd) aggregates
interstitial to the anthophyl lite ÞIades.

PHOTOGRAPH 13
Unit 3¡ 3-5 cm anhedral quartz-cordierite (Crd) aggregates
interstitral to the stel Iate bundles of anthophyl lite
blades.
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PHOTCIGRAPH 14
unit 3: gradational contact between units z and 3; elongate
bundles of anthophyllite are oriented oarallel to the
bedd inq .

PHOTOGRAPHS l5a
UnÍt 3¡ cordierite (Crd) 'pockets' with fine-graÍned
myrrnekitic hercynite (Hc) spinel concentrations, surrounded
by anthophyllite (Ath) blades.
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PHOTOGRAPHS 15b
Unit 3: cordierite 'pockets' with fine-grained myrmekitic
hercynite (Hc) spinel concentratÍons, sLlrrounded by
anthophyllite (Ath) blades.
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pyriLe, pyrrhotite, ånd chåIcopyrite.

In the field a rock såh, h'as used to sample the
unitsr providing as continuous a sample as possible. sew-cut

interEections, dirnensions and locatÍons ere given in Table z

and Figures 3 and 4.
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IABLE 2: STAR LAI(t SAH-CUI iIJIERSECTI0I'lS, DIHEI{SI0NS AND LûCAIIuNS

; SAI.I CUT Ë IHTËRSTCiII]N UF RÛC|( UNIIS i LtNGiH (CH) i LrlC¡ito¡l

SC-I
SC-2a
sr-2b
SC-Ja
SC-Jb
Sf-ic
sc-id
SC-ie
sr-if
SC-4a
SC-4b
SC-5a
SC-5b
SC-5c
sr-5d
SC-5e
st' - \t

sc-ó
st-i
SC-8a
sc-8b

UNIT

U¡|II
UNII
UNiÏ
UHiT

U¡Ii I

- pegnatite
- pegnatrte - UNII I
- pegmaiite - UNII I

- UNII 2

- ufill I {?}

(?)

- bioiite gneiss
- biotite gneiss
{?) - uNir 2

- sillinanite/quartz
vein - LINII 3

- Ul.lII J-quartz vein

0-120
û - 146

1,1É - 25i
0 - 12s

164 - 271
3ù0 - 561

600 - t7i
773 - tl70

870 - 1027

0-r00
100 - 150

0-17?
4i0 - óÐ5

7ó2 - ü5i
tû0 - 1022

1230 - l3t7
l55d - l6i5

B-76
0-152

t70 - 47t
0-9d

l.lt'J - fis .i

Nl'l - fiq j
Ntd - fig i
N - TIq J

l{ - fis 3

N - Irq i
N - fiú i

NL-ilgJ
lrL - Itg .)

SE - fis 3

St-figi
li-figa

Ht - fig ,1

f'lt - fig 4

NE-fig4
Nt - fig 4

l.lt-figa
¡|l,l - fiq 4

Sl.l - fis 4

centre - fig 4

centre - fig 4

UNii 2

UNIÏ 2

U¡|IÏ 2

UNiI J
UHIT J

UNIÏ 2

UNII 2

UHII J

UNII 3

quar t z

quar t z

UNii I
UNII I
quartz
UNIT 2

UIIIT l: ûuariz - Ga¡'net - Anthophyllite - Biotite

UNII 2: Garnet - Anthophyllite - Cordierite

UNii i: Anthophyllite - tordierite
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STAR LAKE

N

o
LEGEND

E o@'r¡€ær.Ârrhotì/ilte (Unit l)

E carEt-tuúr'çhylilte (un it 2 )

E AüEÉylnñqdrqrø(unit 3)

ffi Ouartz-F€tdspê¡Psgmattte

SYMBOLS

B€ddlng, sd(e and dlp (dlp:krcwn, ur*æwn)

Gæloglcal B@ndEry (deftred, asMed)

Locatlon of Sawn Samples

Llmlt ot Outcrop

It r r r | |

METRES

FIGURE 3: Detarled outcrop
màp shoHrng the posrtron ol
the vaaious saH cutg
(Gunter ånd Yamadår l?Bó),
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FIGURE 4r DÊtàrled outErop

nàp showing the pos¡tion of
the vårious saw cLtts
( Gunter ånd Yåmåda. 1996 I .
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IIIi) }'IINERALOGY AND PETROLOGY:

The detai I ed rninera I assernb I ages f rom the Star

Lake - Elken Lake areå are surnmarized in Table S.

The cordierite-garnet-anthophyllite Þeerl-ng

assemblages occur in a set of weII-banded, coarse-grained

porphyroblastic rocks which åre generally modaily dominated

by amphibole (over 4O-5O Z). Schistosity is general ly

defined by the pårel leI orientation of long amphibole blades

and biotite plates.

Due to the ccrårse grained nature of the specimens,

rnodal analyses were done on hand specimens in order to give

an estimate of bulk rock composition. In practice, a

minimum ë¡rea 1oo times the area of the largest grain in the

hand specimen (with a rninirnurn of a looo point counts in such

ån area) was used (Jackson and Ross, 1956). Amphibole

(where present), garnet, cordierite and quartz are the rnost

abundantminerals'withanthophyllites)garnets>

cordierites ) quartz (units 2 & 3) (Table 4). Biotite is

the next rnost abundant mineral , f of lowed by si I I irnanite,

hercynite, magnetiter ruti Ie, apatite, staurol.ite and zircon
+/- titanite.

Primarv Minerals

(i) Garnet (almandine)

f rom O.25

abundant

Porphyroblasts of

rnrn ( broken pieces )

in the gneiss zone.

a lrnandine garnet ranging in si ze

to > 25 mm in diameter are very

The garnets are usual ly
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TAELE 4r HAND SF'ECII'1EN
REF'RESENTAT I VE

MODAL ANALYSES OF
SAMPLES

Spec imen
No,

Unit
No.

GARNET OUARTZ COFD _ ANTIJO -
FHYLL I TE

EIOTITE SILLI -
MAI\ I ÏE

5C l-t
sc 1-14A
5C 2-6
sc 2-11
SC ?-?1
sc "-25SC f,-B
SC J-1()
SC 3-1S
SC f,_î6
SC f,_:8
sc f,-34
SC f,-41
sc f,-44
5C i-51
SC f,-5f,
SD 4_5
5C 4-1f,
sc 5-i
SC 5-6
5C 5.-rr
SË 5-18
sc 5-2(1
sri 5-i5
sc 5-19
sc 5-f,1
sc 5-42
sc 6-1"
SC 6_4
SC 7_4
SC 7-1r)
SC B-4
sc a-6
5C 8-lf,
sc a-17

1
I

L

1
I

1

1

1
?

3
1
?
¿
2

I

I

?
T
?

?

3
t
?
I
t
f,

f,
i.

?.o
f,. (l

??. f,
?6. B
37 "t-l
f,2"4
13.:

QI

L9 .4

26 "9
f,B. 1

44. 1

5C).3
i8.:
5á.2
9.8

?4.6
1?"4

f,7. ()

24.6

11 .4
27.9
4r-, .4
24. (l
:?. å
f,7 .;i
26. (:)

-7 '7

î.4
I(i .4
1(1 .8
4"7
:,.7

1(1 .6
at

31 .1
l1 I

1Ì

6.4

".4f,. (l
lf,. 1

f,. ()

f,.J

f,1 .9
8.8

JJ .]

21 .9
1ö"f,

5.9
2() . :i
31.5

1t .2

5.5
8.6

tl 1

L?.7

29, f,
18,6
t|i r

?4.4
f,4, 1

ia I

50
5Ê
76

éQ. I
5?. 5
5i.6
59. 1
45. S
f,8.9

å1 .4
55. -r

4()
17

ti8, 5
49
59

62. ó
81 .9

69. (j
7tr .6
7g. r
49.7

a6.I
59.6
I(1 .f,
4?.?
:!,7.t_,
?2. C)

(_)

B
1

i7.7
5
4

B

4

59,]j
41 .1
lf,. 1

9.5

f; .4
o?

4.5
.L{1. 1

l(1. l.

8.9

sB, f,
7t-).7
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anhedral to subhedral, and ere extensively fractured with

chlorite infilling and replacing them (photograph 16). This

replacement wäs possibly caused by a Iater low-grade

metamorphic event. These porphyroblasts contain abundant

inclusion trains of quartz, with minor magnetite,

staurol i te, si I I imani te,

( photograph 17 ) "

ruti Ie and hercynite spinel

Two distinct perÍods of garnet crystallization can

be inferred in these units:

(i) pre-tectonic crystals (photograph 18) r

sheaths of biotite along the foliation;

wi th

(ii) syntectonic crystals (photograph l9), with
'rotational' features preserved" In general, the garnets

show no sign of reaction except in the presence of

sillimaniter where they seem to be replaced by cordierite

and hercynite spinel ( photographs 20 and 2I) .

(ii) Orthoamphibole (anthophvllite / oedrite)

Orthoamphiboles occur either radially, ranging in

length from O.1 to > 3.O cmr otr in randomly oriented sheath-

I ike groups with individuat prisrns up to ? mrn long. The

blades ere dark-brown in hand-specimen and define a

schistosity together with intergrown biotite ( photograph

221" The sheath-lÍke aggregates have pronounced fractures

and prismatic cleavage (photograph 23)¡ both of which äre

quite characteristic for orthoarnÞhiboIes" Cordierite and

chlorite reaction rims are found mantling the orthoamphibole
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PHOTOGRAPH 16
Extensively fractured garnet ( Grt ) porphyroblast ' with
chlorite fiI Iinq the fractures ( ppI Xf5 ) '

PHOTOGRAPH L7
Almandine garnets (Grt) with abundant inclusion trains of
quartz, and minor magnetite (Mag), rutileo sillirnanite (Sii)
and ståuroI Íte ( St ) ( ppl XS ) .



-32-



PHOTOGRAPH 18
Pre-tectonic garnet (Grt) with sheaths ofthe foliation (ppI X4).

biotite (Bt) alonc

PHOTOGRAPH 19
Syntectonic garnet ( Grt ) with
preserved (crystals contain a set
S-surf ace ( S1) which are cornposed
elongate blebs of quartz (Gtz) and

x5),

rotational fea tures
of discontinuous internal
of trai I s of round to

grains of rnagneti te ) ( pp i
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PHOTOGRAPH 20
Garnet (Grt) with cordierite (Crd ) rims separatrng garnetfrom the surrounding siltirnanite (SiI) (ppI X20).

PHOTOGRAPH 2L
Garnet (Grt) replaced by cordjerite (Crd) and hercynite (Hc)(ppl XZO).



-54-



PHOTOGRAPHS 22a & 22b
Anthophyl Iite (Ath) btades ranging in tength from o.1->s cfllr
and defininç a schistosÍty toçether with interqrown biotite(Bt) (ppl X5).
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grains ( photograph 24) " The orthoamphiboles also show

reàction rims of cordierite when in contact with hercynite
and sillirnanite

incompati bi I i ties .

( photograph 25) reveå I t ng thei r

Textural relationships between

staurolites and orthoamphiboles were not found.

( iii ) Cordierite

A considerable proportion of the matrix rnaterial

between amphibole prisms is cordierite; the anhedral grains

rånge f rom o.5 to 4 mrn in dÍameter and are purple in hand

specimen" Many grains and larger crystals of cordierite åre

twinned r with both polysynthetic and penetration twins
presentr and Ërre studded with rninute hercynite inclusions.

chlorite is Iocally found rimming the cordierite, whereas

pinite occurs along the fractures" The inclusions give the

larger grains a characteristic 'cloudy' appeararìce,

distinguishing them from quartz ( photograph 26) .

cordierite-quartz-sillimanite aggregates åre also comrnonly

found surrounded by amphibole and bj.otite grains (photograph

25l .

(iv) SiIl-imanite

In the gneiss zone, there are two varietieg of

siI Iimanite. Fibrotitic sil. Iimanite occurs in elongate to

elliptical aggregates of tiny needles oriented parallel to

the foliation. They also tend to be associated with other
elongate features such as pegmatite and quartz veins. Most

aggregates are O.5 10 rnm long, and seern to suggest a
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PHOTOGRAPH 23
Anthophyl lite (Ath) in sheath-Iike groups with individualprisms rangÍng uÞ to 9mm in length! the sheath-Irkeåqgregates åre randomly oriented and have pronounced
f ractures and prisrnatic c Ieavages ( ppl XS ) .

PHOTOGRAPH 24
Chlorite (ChI ) reaËtion rims mantling anthophyl iite
blades (ppI XzO).

T ñ L¡ I 
'
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PHOTOGRAPH 25
Guartz-cordierite(crd)-sillimanite (sil ) pocket surrounded
by arnphibole (Ath) blades and biotite (Bt) çrains ( ppI
xs).

PHOTOGRAPH 26
cordierite(crd)-siIIÍrnanite (sil ) pocket surrounded Ðy
biotite (Bt); inclusions give the cordierite a 'cloudy
dusting' appearance, distÍnguishing it from quartz graÍns
(ppl X4).
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metåmorphic reaction process adjacent to the various veins

(photograph.s 27, 2A)" Coarse prismatic sillirnanite crystals

åre aIEo present. These are randornLy oriented in the rock,

commonly cross-cutting other rninerals and each other
( photograph 29) .

general ly O,1

SingIe prismatic sillimanite crystals åre

O.2 mm thick and I.5 2 rnrn long.

Aggregates of these crystals are local Iy as rnuch as LZ crn

Iong and I cm in diameter. Sorne of the si I l imanite is

replaced and possibly pseudornorphed by hercynite spinel.

Sii lirnanite is f ound isolated f rorn orthoamphibole by a

cordierite mantle indicating their incornpatibilities.
(v) Quartz

Ouartz occurs as fine- to coarse-grained, anhedral

and rnostly strained aggregates scattered arnongst the

amphiboles and garnets in the gneiss zone. euartz ís
prorninent in unit 1; there is no evidence of rnylonitic

textures, and it is a rnajor constituent of inclusions in the

garnet porphyroblasts. Various inclusions of sillirnanite,

magnetite and rutile occur in the guartz; hercynite spinel

inclusions are also found (sc 4-9; sc 4-Lz) indicating their

compati bi i i ty ,

(vi) Biotite

Most of the biotite in the cordierite-

anthophyl Iite gneiss is light- to dark-brown in thin

section " I t usual Iy occurs as subhedral to euhedral

crystals studded with abundant zircon inclusions which are
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PHOTOGRAPHS 27a & Z7b
Fibrol itÍc si I t imanite ( Si
and seem to be due to
pegmatite intrusions (ppl

I ) agçregates are
Ieaching processes
x20 ) .

O, 5-1O rnm I ong
adjacent to
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PHOTOGRAPH 2A
Fibrolitic sillirnanite (Sil ) Ín elongate to el liptÍcat
agçregates of tiny needles oriented nrr:l ìel l-n the
foliation (ppI - X20).

PHCITOGRAPH 29
Coarse prismatic sÍl limanite (SiI ) crystals àre diverselyoriented in the rock and cornrnonly cut other minerðIs andeach other ( ppl XZO ) .
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surrounded by pleochroic haloes (photograph 30). The

biotites are o"5 to s mm long and typically define a

schistosity àssociated with anthophyl Iite. Biotite

inclusions occur in amphiboles and garnets with no reaction

rirns presen t "

Accessorv Minerals

(i) Hercynite soinel

Hercynite is present in all rock units in various

arnountsr probably dependent upon the extent of reaction

between garnetr sillimanite, cordierite and amtrhiboLe. The

spinel occurs ås minute inclusions in cordierite, and ås

fine- graine,d myrmekitic intergrot¿ths with cordierite which

seern to be the resu I t of pseudornorphing si I I irnan i te sheaths

(photographs 31, 32, 33)" The mantling relationship between

hercynite and cordierite may be explained by the reaction:

siI lirnanite + garnet = cordierite + hercynite
( ii ) Staurolite

Staurol ite occurs rnain 1y as anhedral prisrns up to

9 mrn long, closely associated with amphibole and garnet. In

its assóciation with garnet, the grains are usual ly <1 rtrfirr

and occur at the contacts of both, cordierite rirns the

staurolite, indicating sorne reaction (photograph 54) ¡

particularly at the contact with anthophyl Iite. staurolite

frequently replaces alrnandine garnet. Less comrnonly, it is

itself replaced by hercynite spinel (photograph S5) ¡

ind icating the cornpati bi I i ties of the two .
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PHOTOGRAPH 50
Randomly orÍented biotite (Bt) grains studded with abundanr
zircon ( Zrn ) inc lusions surrounded by pleochroic haLoes
( ppl xz0) .

PHOTOGRAPH 31
Hercynite (Hc ) associated with cordierÍte (crd ) andreplacing garnet in the presence of silliman¡te and quartz
( ppl Xzo )

( garnet + si I I ÍmanÍte = hercynite + cordierÍte + quartz )O,25(Fe'-.-MÇ'. r )AI=SÍ=OI¡ + O.5AI=SÍO= =O.65(Fe.:,.7Y1e,:,.=,)Ata04 + O.OS Fe,1 .a.Mgr.-Al4SiãOaÊ + SrO=
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PHOTOGRAPH 32
Fine-grained rnyrmekitic hercynite
minor måçnetite (Mag ) , surrounded
'rinç' structure of anthophyi I ite
cordierite 'pocket' (ppi - X20).

(Hc ) Cordierite (Crd ) with
by anthophyl. Iite (Ath); a
iE found Ísolated in a

PHOTOGRAPH 33
Fine-çrained myrmekitic hercynrte
( Si I ) and possibly pseudornorphing

(Hc ) replacing sil limanÍte
the sheaths ( ppÌ X2O ) .
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PHOTOGRAPH 54
Staurol ite ( St ) as ån anhedral prism rimmed by cordierite
(Crd) and overgrown by garnet (Grt) (ppI X4O)
(garnet = staurolite + cordierite).

PHOTOGRAPH 35
Euhedral staurol ite ( St ) grain overgrown garnet ( Grt ) ; the
Staurolite (St) is itself al.tered to hercynite (Hc) (ppI
x20).
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( iii ) Phosphates

Two phosphate rninerals occur in the cordierite-

anthophyllite gneiss zone, apatite and wagnerite. Apatite

occurs as individual round to blocky grains, localty

prismatic and clear to mitky-white in thin-section. This

rninor phase is present in most sections and is o.1 to 2 rnm

in sÍze (photograph 36)"

bJagnerite, a Mg-rich phosphate (Mg, Fe a*)= pO+ F

is orange to red in hand-specimen and yellow in thin-
section. It is usually fine-grained, anhedral to subhedral

with a vitreous to slightly resinous lustre. some of the

larger grains of wagnerite show cloudy areas at the centre

due to minute inclusions of quartz and amphibole (photograph

s7). identification of these tiny inc Iusions Þrove6

impossible by ordinary petrographic methods but was possible

by the S.E.M. (scanning electron microscopy) capabilities of

the electron rnicroprobe. Both the anthophyl Iite and quartz

inc Iusions ere rimrned by apatite, separating them f rorn the

enveloping wagnerite.

( iv ) Ruti le

RutiIe is a characteristic minor constituent of

the gneiss zone, ranging from O. I to O. B percent. I t
occurs ês fine anhedral grains in various sections, with no

reac tion r irns presen t .

(v) Macnetite

Magnetite shows anhedral outlines, is generally
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PHOTOGRAPH 3ó
Rounded to blocky, locally prismatic apatite (Ap) grains åre
rnostly in the sillimanite (SiI ) zone; these tend to form a
network assocÍated with coarse-grained biotite (Bt) and
siI Iimanite (SiL ) (ppI X5).

PHOTOGRAPH 57
hlagnerite (WS) r a Mç-rich phosphate (MgrFs=*)=pO+F), isgeneral Iy fine-çrained, with rninute Ínc Iusions of quartz(Otz ) and anthophyl lite (Ath), both rimmed by apatÍte (Ap)that separates them frorn the enveioping wagnerÍte ( Nq )(reflected liqht).
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< 1 rnrn in si ze and presen t

association with cordierite,

sorne areas, magnetite is a

oxidation process.

(vi ) Zircon

Zircon occurs åg

euhedral to subhedral habit

haloes. These grains occur

biotite (photograph 30) "

(vii) Sericite and Ehlorite

Minute shreds'

cordierite, sillimanite

( photograph 38) .

minute grains with

and characteristic

exc Iusively as inc

in aI l

hercyn i

I tered

rock units

te spinel is

to hematite,

. In its

present. In

è¡ secondary

typical Iy

p I eoc hroic

lusions in

of seric i te rirn

and occasional 1y

and penetrate

anthophyllite

Reaction rims of

porphyroblasts and cordierite

the surrounding amphiboles. It

product after amphibole and/or

(viii) Sulfides

chlorite mantle garnet

grains, sepårating thern f rorn

also occurs as an alteration

biotite (photographs 39, 40).

In the vicinity of El ken Lake, disseminated

chalcopyriter pyrrhotite and rnarcasite are found in
association with the cordierite-anthophyllite gneÍsses" The

small uneconomic sulfide showing occurs in thin stratiforrn

Iayers that rarely attain å thickness greater than å few

rnetres,

Chalcopyrite forms coerse-grained patches and Ís
usually Ërssociated with pyrrhotite, which occurs as blebs in
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PHOTOGRAPH 3E}
Minute 'shreds' of sericite rirnrning and penetratinq
cordierite (Crd), Sillimanite (Sit) and anthophyltite (Ath)
( ppl xz0) .

PHOTOGRAPH 59
Chlorite (Chf) ås ån alteration product of anthophytlÍte(Ath) ( ppt x15) .
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PHOTOGRAPH 40

?iål':t;rá?:t' as an alteration product or cordierite (crd)
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the Iatter (photograph 41)" Pyrrhoti

of replacing rnarcasite ( photograph

Ë¡ fine-grained network which infil

the cordierite-anthophyl Lite gneiss

te itself shows evidence

42). These sulfides form

Is various fractures in
( photograph 43) "
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PHOTOGRAPHS 41a
Coarse-g rained
àssociated with(x20).

& 41b
patches of
Fyrrhoti te

Cha I copyri te(Po) (blebs in
(Ccp¡ mainly

the chalcopyrite)
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PHOTOGRAPH 42
Pyrrhotite (po) repJ.acing marcasite (Mc ) ( XZO) ,

PHOTOGRAPH 43
Fine-grained network of surfides infii linq fractures Ín thecordierite (Crd) - anthophyllite (Ath) gnerss (X20).
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(IV) ü+JHOLE ROCK CHEI'IISTRY

( i ) Chemical Parameters

This secti.on describes the use of chernical

parameters to help indicate the origin of the rocks of the

Star Lake - Elken Lake erea, near Sherridon, Manitoba.

These rocks range from silica-poor (unit 3) to

silica-rich (units 1 and 2l t as seen in Appendix A. Units

L rZ and 3 typical ly exhibit low CaO (O.Of -1, f Z wt7.) and

alkalies (NaæO: O-O.58 wt7.i KaO.. O.O2-2.2 wt7.) and high

amounts of A1=O:s (8.O-22.O wt7.), MgO ( 5.O-t5.O wt7,) and FeO

(5.O-17.O w|.:z.l. Trace elernent patterns are fairly constant

with Éorne Iocal ized ånomal ies ( SC-4-12 ) , REE show

characteristic basaltic trends with LREE depleted and HREE

enriched values.

Chernical analyses are plotted on different types

of diagrarns to indicate the chernicai fields occupied by

igneous and sedirnentary rocksr otr to distinguish between

rocks of igneous and sedirnentary origins. The use of these

diagrams to indicate the progenitors of the rocks involves

the assumption that the rnetamorphisrn was essentia 1 I y

isochemical, except for the volatile constituents. The

isochernical. nature of the rnetamorphism is suggested by the

consistency in chernical composition of the various units.

The rocks from the Star Lake - Elken Lake areå

have been divÍded Ínto seven units for eåsy identification

on most diagrarns. They åre:
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(1) " @ " unÍt 1 (quartz-garnet-anthophytlite),

{2) " [ " unit 2 (garnet-anthophyllite) ¡

(3) " A " unit 3 (anthophyllite-cordierite),

(4) " + " quartz -biotite gneiss,

(5) ' ì*r ¡r sillimanite zone,

(ó) " + " mineralized unit 2 zone, Elken Lake area

(7, " A " unit 2 zone, Sherridon East orebody årea

Figures 5 and 6 are after La Roche (L974) and åre

intended to discrirninate between metamorphic, igneous and

sedimentary rocks. Figure 5, the' total rock triangle'

shows the greater Ecatter of the two diagrarns. Most of the

samples from units I, 2 and 3 plot near the arkose fietd

and felsic termination of the igneous trend r ås do the

sil Iimanite and quartz-biotite gneisses. Figure 6, the
'silico-aluminate triangle', shows the rnost consistency for

aII the data. samples representing aIl units plot in the

left part of the diagram, the Mg-rich and comrnon-cIay

regions. The cordierite- anthophyllite gneisses of units z

and 3 indicate minor Mg enrichment rel,ative to any 'norrnal'

igneous rock. Possible basalt/arkose rnixture relationshios

exist which seern to indicate progenetic contaminatÍon
(discussed in the 'Discussion of Geochernistry' section).

Many authors have used NiggIi diagrarns to show

trends and positions of recent igneous and sedimentary rocks

in comparison with high-grade rnetarnorphic rocks to help

classÍfy thern as sedimentary or igneous in character (eg"
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Leake, 1964, 1969; Van de Kamp, 1968, L96q, L97O; Van de

Kampr Leak end senior 7 L976; stamatelopoulou seymour and

Mac lean , L977 ) "

Figure 7, a plot of Niggli c vs" Nigqli mg. r

should show e strong trend pärållel to the mg ordinate for
volcanic rocks, and a large scatter with respect to c for
sedirnentary rocks " A noticeable parà1. Iet trend to the mg

ordinate is found for sernples of units z and 3, suggesting

possible developrnent (aI teration or weathering ) f rom å

volcanic parent. samples from unit 1 seern to scatter
sornet^¿hat with respect to the NiggIi c axis.

Figure B is å plot of (Na=O+K=0) vs. (R=tr/ (Na=O+

K2o) )xloo (Hughes, L973) which discriminates relatively
unaltered igneous rocks ( igneous spectrum) from al tered

igneous rocks ( spi I ites ) and sediments. ïhe rocks

interpreted as having been formed from a volcanic parerìr.

(Figure 8) al l plot outside the igneous spectrurn, with the

exception of one sample frorn unit 1 and one quertz-biotite

gneiss sample. The occurrence of the data outside the

igneous spectrurn måy be the result of contamination by

terrigenous material , ( rich in Kao as total aI kaL ies
increase K=o becomes dominant) or alteration of a volcanic
ash or tuff (derived frorn felsic to intermediate volcanics
or related sedimentary rocks ( greywakes or transported
tuffs) ). This contamination can be substantiated with
similar mixtures (basaltic/arkose) in the total rock
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triangle and silicoalurnÍnate triangle.

Van de Kamp et al. (L976) used a plot of Niggli mg

vs. Niggli si to differentiate between sedimentary and

igneous precursors for rnetamorphosed gneigses. Because of

the concentration of fine mafic minerals in the high SiO?

fraction of sands, positive slopes represent sediments,

whereas negative slopes represent igneous rocks. Figure g,

a plot of Nigqli rng vs. Niggli si, shows å positive

distribution far units I and 2 and a negative distribution

for unit 5. This diagram seems to suggest that initial

precursor rocks were formed by mixed Eedimentary and igneous

processes resu I ting in variable mafic minera I

concentrations.

Leake (L964) used a plot of NÍggli k as a function

of Nigg t i rng to d istinguish amphi bo I i tes of sed imen tary

origin from those of igneous origin. Goetz (1?BO) and GaIe

et aI. (1?8O) showed Sherridon host rocks and unmineralized

gneisses to be distributed between the igneous and pelitic

fields. Figure 10, a plot of Nigq1i k vs. Niggti m9r shows

similar mixing effects and considerable scatter along the k

axis with sorne sl.ight mg variations. This ptot again

suggests rnixed precurscrrs that were partly sedimentary

( greywac ke-c l ay- metased irnen ts )

(arkose/basalt mix)"

Van de Kamp (L97O) and

Niggli al-alk against NigqIi c to

-61-

and par t J. y rgneous

Leake (1969) used a piot of

separate metarnorphic rocks



800

600

,2

. r-l
U

)
400

200

*tr>
F*

F
IG

IIR
E

 9¡ 
N

IG
G

LI ltc 
V

E
R

S
E

E
 N

IG
G

LI S
¡ tor 

S
tår Lôr.6 roc?,s.

Leqend È
s in F

igure 
5. 

F
rom

 V
¿

n de F
¡ño et 

À
I. 

(1975).

*

**

0
0.

Aa

0.40
0.50

m
g

0.

*

0.70
0.

I
e\¡
ç

I

0



F
IG

U
R

E
 lor 

N
¡G

G
LI X

 V
E

R
G

E
É

I N
|G

G
LI 

H
É

¡ for 
S

tar 
LÀ

lio rockÉ
.

Legend as i.n F
lqure 

S
. 

F
roß

 Leake (19ó4).

cn\oI

*

{o **.
a

IIIII
lalI

a.la
ì<

rLr!¡
I'lIItIIII

J s *i
*

* 
rttt

qhil
C

I
oo(cto

Ð

aA

' 
 

I

¡i
¡ 

^¡
A

AT

t*

I

pelitic 
roc k

f ield

IA
\Al\
¡¡^
l¡rl

^

1.2

I
I

I

A

- ¡\!
A

0.

1.0

B*

igneous 
f ¡e ld

0.6

0.8

0.4m
g

J4 o.o

0.4

o.2

o.2

0.
0.0



oÍ igneous origin f rorn those of sedirnentary origin. The

value a1-alk indicates available alurnina present in excess

of that used to produce aI l rnicaceous rninerals and f eldspar.

srnall variations of al-alk with composition produce a broad

igneous field (of positive slope) which overlaps other

fields. Figure 11, ê¡ plot of Niggli al-alk verEus Nigqli c,
indicates how samples from unit 1 plot mainly in the'normal

clay' regÍon, except for one which plots in the intermediate

igneous rock f ield. sarnples frorn units 2 and s lie in the

norrnal clay-greywacke f ields. This plot suggests sirni Iar
precurs(]r characteristics to what can be observed in Figure

10.

In order to distinguish between igneous and

sedirnentary precurstrrs to metarnorphic rocks, a discrirninant

plot of Niggli al+alk versus Niggli c was developed by Van

de Kamp (L976). NigqIi aI+aIk decreases and NigqIi c

increases with an increase in ferrornagnesium rninerals and

calcic pIågioclase in going frorn felsic to rnore rnafic

igneous rocks (narrow field with negative slope). A shallow

negatively sloping sedimentary field is also present,

corresponding to sedirnentary rocks of shale and greywacke

cornposition. Figure 12 shows that aIt Star Lake-EIken Lake

samples are low in Ca and have low Nigqli al+alk values.

ïhis may be due to a process that resulted in alkali

depletion, but rnay be an artif act of di tution by f m related
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to the surnrnËìtion of f m, c , aI and al k to 1OO. Some of the

sampres also plot in the igneous and Eedimentary fields,
which again indicates mixture.

The use of å discrirninant ptot of Nigq I i ti vs.

NiggIi aI+aIk offers sornÉ aÍd in the determination of

igneous and to some degree, sedimentary progenitors Dy

virtue of the supposed immobility of titaniurn (FinIow-Bates

and Stumpf I , 1981; Roberts and Reardon , tgTB) " Nigg i i

al+alk is used along the X-coordinate to produce a broad

igneous spectrurn with felsic rocks of high a1+alk values and

mafic rocks of low aI +alk values (high frn + c). Figure lS

shows that most samples fail in the low al+aIk region,

straddling the 'Iower limit' of the igneous field. some of
these gneisses also show inter¡nediate-high NiqgIi ti values,

characteristic of chemically weathered basalts. Goetz (199o)

has reported such an instance in the Flin Flon areå. where

hiqh titanium Levels occur in å regolith on an old basaltic

land surface.

In general n the chemistry of these rocks is
variable throughout the stratigraphic horizon at star Lake

Elken Lake. Many of the discriminant diågrams presented

seern to suggest sedimentary a,nd/or volcanic mixed

progenitors Íor thege rocks" This wiIl be discussed further

Ín the following section,

Figure 14 shows the rånge of REE ( rare earth

elernents) found in the star Lake - EIken Lake gneisses. In
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ål I three mappable units and åssociated quðrtz-rich

gneisses, LREE depletions and HREE enrichments ère

characteristic. According to Menzies et aI " (L9791 ,

diagenesis and metarnorphisrn have t ittle relative ef f ect on

REE patterns" The REE elements, therefore, seern to be truly

irnmobile. These authors also state that although sorne

fractionation of REE måy take place within weathering

profilesr there seems to be no selective loss of REE during
weathering. If we È¡ssurne that REE levels were essential lv
unaffected we can, therefore, associate these trends with an

igneous basal tic source ( the LREE depleted pattern is

indicative of å basal tic source ( Taylor and McLennan,

1985) ) " Menzies et aI. (L979 ) have also f ound that the rnost

significant feature for metasedimentary rocks from early
Proterozoic high-grade terranes ( as found in the star Lake

Elken Lake and surrounding àreås) is the wide range in REE

patterns ranging from nearly flat trends to LREE depleted

trends. These trace element trends, therefore, provide

added information in support of a rnixed source for these

anthophyl I ite-cordierite rocks.
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( ii ) Interpretàtion of Nhole-Rgck 6eochernistry

La Roche's (L974) silico-aluminate and total rock

triangle, and sorne of the plots of Niqgii values seem to

produce distinct fields for cornmon igneous and sedimentary

rocks" Star Lake cordierite-anthophyltite bearing gneisses

and sillimanite rocks often plot outside these well-defined

fieldso and also straddle boundaries between major igneous

trends and sedimentary rocks"

AII cordierite-anthophyllite rocks at Star Lake

Elken Lake plot near or at the MgO epex of the La Roche

(L974)'silicoaluminate' diagram" This field is also

occupied by intensely altered rocks frorn the cores of the

aI teration pipes at the lli I lenbach Mine, Noranda area,

Quebec (MacGeehan and Maclean, 1980, Figure 15). Both unit

2 and 3 gneissic rocks ptot closer to the MgO apex compared

to the unit I rocks, possibly indicating increasing

alteration from unit I to unit 3 respectively, La Roche's

(L974 ) 'totaI rock triangle' shows sirnilar features, with

the quartz-garnet-anthophyllite rocks from unit I piotting

in the more felsic terrnination grading into cordierite-

anthophyllite rocks of units 2 and 3 towards the Mg clay

fields"

Sorne of the diagrarns seern to suggest part I y

sedirnentary and igneous ( volcanic ) precurscrrs for these

cordierite-anthophyl lite rocks at Star Lake" Hugh's ( 1973)

plot of ( NaæO+KaO ) vs. (KzB/ { Na=O+K=O ) ) 1OO shows that rnosr
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of the sarnples plot outside the igneous spectrum, possibly

resul ting f rorn the contarnination of volcanic rocks by

terrigenous material or alteration process. The plot of
NiggIi si vs. mg (Van de Kamp et å1., L976) differentiates

between sedimentary and igneous precursors for rnetamorphosed

gneisses, due to the concentration of fine mafic rninerals in
the high sioa fraction of sands ((+) slope for sands¡ (-)

slope for igneous rocks). This diagram also suggests that

the process which forrned the precursors of the star Lake

gneiss h,ere partly sedimentary and partly igneous (positive

and negative slopes present). Leake's (1964) Niggti k vs.

mg plot shows that the data straddle both the igneous and

pelitic fields' also suggesting precursors that were partly

sed irnen tary and part I y igneous ( basa t tic ) in nature .

Due to greater MgO and Fe0 contents, cordierite-

anthophyllite rocks have lower values of aI-aIk and al+alk

than the associated si I I irnanite-bearing rocks. However,

they do have similar row values of Nigg1i c and, therefore,
plot in fields which approach the a1-a1k and al+a1k åxes.

These fields lie in the subvolcanic to pelitic/greywacke

sediment or subvolcanic felsic to intermediate volcanic rock

regionsr with unit 2 and 3 rocks plotting in the lower al+

aIk f ields. These patterns c losely resernble those at the

Millenbach Mine, Gluebec, with increasing alteration

intensity towards the core of the pipe corresponding (by

analogy) to rocks from units Z and S (Figure 16)"

-73-



al+alk
O

æ
O

Ol+oN)

n F 3Éøì
O t É c rJ;;il!e
c Þ ci¡ ñ<ÊZúÉ

OÈ¡OO

3 | " nt p
;3Sq;Evt o ß I

"Ë'"ssBð P 5=-:9c18
2=;1: Ytôä";L
n: ùf

F9;;'P
l*:;'P
Þ O D Êri
3 -9?SêÞ o o t
TFta=íi
HEfgqo[*";=
: C F:.8
Ee; íi"
Ê ¡ ñ f o

' I ü FO
t^ñ

a oo

È
O

P

æ

O;-

-7 4-



NÍ991i ti values in .the cordierite-anthophyr I ite
rocks at arI locations have similar values to altered rocks

frorn the coFes of the alteration zones at the MiIÌenbach and

Mattagami Lake Mines (Figure L7). Most of these gneisses

have Niggli ti values and Ti0= levels (Appendix A & C)

below those of the most felsic igneous rocks. If these low

titanium IeveIs reflect the original Frecursor levels and

titanium is assumed to be immobile (Finlot+-Bates and

Stumpf I , 1981; Roberts and Reardon , Lg7B]' , then sorne

dilution of original titaniurn with a low or zero titanium
component has occurred. This cornponent may have been added

to the gneisses by co-deposition of a possibly altered
felsic volcaniclastic or greywacke sedimentary rock or by

sorne post-depositional hydrothermal alteration.

Another characteristic feature of these Ca and Na

depleted gneisses is the Iack of feldspars (plagioclase and

K f eldspar) associated with the sil lirnanite. The absence of
plagioclase in these rockE suggests that it was probably not
present prior to the metamorphism. The lack of K feldspars

could also be expLained by a dealkal ization reaction
f ol. iowed by å silicate-water reåction;

3 KAlSirOe + 2H* = KAl=SirOro(OH)= + b SiO= + ZR*

K feldspar K mica quartz

2 KAIESiEOr.,(OH)= + 3 H=O + 2H* = S Al?SizOs(OH)4 + ZR*

K mica kaolinite
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2.5

2.O

1.5

-+
-)

1.0

5ll*5 
tl: 

plor oF
 N

¡ccrt r¡ 
vE

R
sE

s N
rc6l-r 

A
L+

A
IK

bnor{rng 
thc 

gÈ
nÈ

rð¡ 
increag

,tÕ
w

ârd; thL. -;;;;-;r -"ì;;-;i,::"il::".::::":i",i:,;iîi":;::l
m

¡ne, N
orand¿

 ¿
reà, euebec l:l::1"1 

."¿
 "".pi".'..-"u;;;"".."o

tt'e tsatt¿
qåß

i Lòte H
ino, 

O
uebec (squòr€st r.toi!¿

-lo 
star

Ldr.e 
rùcls 

(ðrrox 
rndrcàtes 

incro¿
sinq 

¡;;;;;.iy 
ol

alteròtton 
ta¡H

àrd6 
tho 

corê 
ol 

the 
¡one). 

F
ron 

ñðcdeehÀ
n 

ànd
H

dcLc¿
rì 

( t9€'l¡.

0.5

0.0
0

20
40 

60

al+
 alk

80
100

I
(of'-



These reactions could possibly explain the production

of aLurninosi I icate Iayers beneath the more amphibo j.e-rich

sections of unit 2. But, ås the sitlirnanite-bearing rocks

plot as common felsic to intermediate volcanic rocks or
greywac kes r these rney be the rnetamorphic equiva I en ts of

aI tered and/or chemical ly rnodif ied versions of these f elsic

to intermediate volcanics or greywackes.
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( V) F{INERAL CHE¡IISTRY

Ana l yses of coex isting mjnera 1s f rorn the

cordierite orthoamphibole rocks at Star Lake EIken Lake

are listed in Appendix D.

( i ) Orthoamphiboles

Two orthoamphiboles occur in the Star Lake Elken

Lake units, anthophyllite and gedrite"

Variation in the amphibole compositions can be

described in terms of end-member anthophy I I i te IlulgzSiaO==

(OH)=l and three substitution rnechanisms : Fe(=)Mg (Fe - Mq

exchange)¡ AI-r+A1r-<=>lfg+Si (tschermek exchange) and

Na+41¿-(=)Si (edenite exchange); other substitutions such

as those involving Mn, Ti, FeE* or Ca are of minor

importance ( Spear, 1980 ) . Evaluation of the analyses

indicates that the anthophyilite-gedrite series is å solid

solution between two end compositions

Rã+2R=+sSis0==(OH)a and

Nao. oR==* ( Rs. sæ*Rt . cl3* ) SiaAI=O== ( OH ) =

where R=-=ltlg ¡ Fe=*, Mn=*, Ca

RE*=Al r FeE*¡ (Tirz=a**Fe;.r==*)

There is apparently cornplete solid solution in the

anthophyllite-gedrite series at high temperature, aÉ shown

Ín specimens from the Star Lake Elken Lake area. On

cool ing, rnembers with intermediate At and Na contents

(Figure 18) exsolve to an anthophyllite-gedrite intergrowth.

Most intergrowths are optically homogeneous but show strong

-7e-
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blue, green clr yellow schiller effect believed to be due to
subrnicroscopic exsc:l.ution.

As shown in Figure 19, amphiboles from unit s

(associated with cordierite) show å slight Fe=* enrichrnent

cornpared to those in unit 2, which ere rnainly associated

with garnets. Most of the amphiboles essociated with
sulfides from EIken Lake have slightly lower Fe=* contents,
Figure 20 shows similar Fez* enrichments and a restricted
field of the star Lake orthoarnphiboles" The compositions of
the orthoarnphiboles generally show enrichment in Mg relative
to the host rocks (Figure 2Lì "

( ii ) 6arrìet

In aI l samples, garnet is essential ly alrnandine

pyrope (Figures 22 and 23). I n rnost cases , garnets åre

zoned frorn magnesium cores (+/- calcium) to rims richer in
iron (+/- manganese) (Appendix D). This zoning is rather
erratic due to later fracturing, possible resorption l,ater
in the rnetamorphic history or due to variation of growth

rate in different directions during formation, Mno zoning,
al though minor, has been related to the rnarked af f inity of
Mn for garnet in metamorphosed argillaceous rocks (Harte and

Henley, 1966). No appàrent correlation exists between the
garnet and host rock compositions"

( iii ) Cofdierite_

In most samples, cordierite is associated with
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Spessartine (M¡gAfZStgO 12 )

Alaa¡dtne (FeSAl2StBOtp)

Pyrope (MgSAlpSi3O1Z)

FIGURE 22: ALI,IANDINE - SPESSARTINE - PYRoPE TERNARY PLoT,showrng the garnet5 from thE Star Lake stràta.
Filled circle - unit f. filled squàre - unit 2, filled
trràngle - unit 3. fj-IIed star - qLrårt¡-bj.otite qne¡ssr
èsterÍsk - sil. limÃnrte:oner star - EIl,.en Lap,e uniÈ Z. åndtrrangle - Sherridon unit J.
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Fyr'6p6 (UggÂreslgole)

GrossulÊ¡ (Ce3AlpSiBO12)
Spessarline (uogAlzsigo I z)

FIGURE 23! PYROPE - GROSSULAR - SPESSARTINE TERNARY PLOT.
showang lhe garneès -from the StÀr LàLe strðta.
Filled cj.rcle - unit 1. fil]ed square - unit 2. .fj.IIêd
friåññìF - "ni È Ì +i I lFd qtã. - ñ,,åF+--hiñri +ô
asterrek - sillimånite :oner star - Ell,en Lake Lrnrt :, añd
trràñqle - Sherradon unit 3.

-85 -



orthoàmphiboles " In any individual specirnen of å

particular rock unit, the cordierites have fairly constant

composition with no evidence of zoning" In general, the

magnesium content is greater in unit 2, and the iron content

is greater in units I and 5. The compositions of cordierite

do not fol low those of the host rockg but show å marked

enrichment of Mg relative to the host rocks.

Cordierite is ån important indicator minerat in
progressive rnetarnorphism . I t has very l ow densi ty f or a

f erromagnesian rninera I and i t is regarded as being

characteristic of Iow-pressure terranes. It often occurs

with Eillimanite ås the characteristic AIaSiO:¡ polymorph.

(iv) Sillimanite

There is no compositional zoning, except for srnall

amounts of FeE* replacing AI.
(v) Staurolite

staurolite is a very minor phase in the gneissic rocks frorn

Star Lake. It is fairly uniform, including sample ML4g

ässociated wÍth the EIken Lake rnineralÍzation. sample MLol

shows no indication of zoning of åny kind"
(vi ) BÍotite

Biotite is a rninor phase in most samples. Most

biotites have moderate TiO= ( O " 5-2.5 wt " 7" ) , but sorne are

enriched (TiE= reeching 3.5 wt.-.7", Appendix D) " Magnesium-

rich biotites occur in unit 3, decreasing in Mg content frorn

unit 2 to unit 1 respectively, probably due to changes in
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extensive conditions that aI ter Fe-l'4g element partitioning

preferences. The H=o in the biotite analyses are determined

by stoichiometry, and rnay be too hiqh, causing the analyses

totals to be somewhat erratic" The cornposition of biotites

generally follow that of the host rocks, with Mg and Al

enriched in the biotite relative to the host rock" The poor

correlation is e result of the fact thatn in addition to

rock chemistry, biotite cornposition is dependent on the

physical conditions .of crystal 1 ization, the coexisting

minerals, and the extent of secondary alteration.
(vii ) Hercynite

Spinels from Star Lake and the Sherridon

anthophyl I ite-cordierite gneisses are main Iy hercynitic
(Fe=*) in composition (Figure 24). Zinc contents våry frorn

O to 11.78 wt.7. in rocks from unit 3 (anthophyllite-

cordierite). The increase in 7n is marked by decreases in

Feæ* (Figure 25) and Mg (Figure 26). Samples from Sherridon

(ML93) show sÍmilar patterns for Mq-Zn contents but have

evidence of increasing Fe=* with increasing 7n (cordierites

assoc-iated with these samples have lower Fe=* contents).

The Zn-Mg and Zn-Fe relationships åre problabiy due to

hercynite/ cordierite partitioning effects, I n spinel -
bearing rocks the compositions of the spinel reflect bulk

cornposi tion .

(viii ) Phosphates

Two phosphates occur ås very rninor phases in these
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Gah¡rite (Zr,/,J.ZO \

o*ptnel (MgAlÈÖ4)

Hercynl[e (FeilZOa)

FIGURE 24: SPINEL - GAHNITE - HERCYNITE TERNARY pLOt.
showing the hercynrte spinels from the Star Lake strata,
Fill.ed cj.rcle - unit 1. fj. lled sqlrare - unÍt Z. filled
triangle - unit f,, fiIIed star - qLràrt:-biotite çnerss,asterisli - sillimanite:one. star - Ell.;en Lake urnrt 2. and
tr1ånqle - SherrÍdon unit 3.
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FIGURE 25: Zn VÉRSÉS Fe2' 1ñ hercYñrte sprnels tron lhe
Stèr Lèlie strata. FilIed circLe - unj't I' fiì1ed sqLLåre -

f, I lÞd IrìÞñrìê - Lrnrt ;. frlled Etår - quÀ.t:-
blotrte qnerss. å5ter!5L - silLiñànrte:one. står - Eiteñ
L.ìtie unit ?. Ànd trlènqle - Sherradon un¡È ;.
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FIGURE 2ó! Zn VERSES H9 in hercyñite sprne¡s fron the Star
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gneisses " Apatite is c IoseIy åssociated with the

si I I imanite zone and is compositional ly homogeneous

throughout the unit. In areas of extreme calcium depletion

and rnagnesium enrichment, wagnerite ( (MgrFe=*)=po4F) is

found. This phosphate is fairly constant in composition

throughout the samples.

( ix ) Chlorite

trhlorite is f ound in unit 3 sarnples, showing

evidence of Iater retrograde metarnorphism. The cornposition

is fairly consistent throughout a1l grains (Appendix D),
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(VI) HINERAL REACTIONS

Nearly uniform conditions of hi q h-g rade

rnetarnorphism ex ist throughout the Kisseynew gneiss be I t ,

decreasing with steep rnetarnorphic aradÍent into the mediurn-

and low-grade rocks of the adjacent volcanic belts (Bailes

and McRitchie, L97B). The rocks of the star Lake Elken

Lake ereå contain rnineral assemblages characteristic of the

amphibolite facies. Retrograde metamorphism is also trornmon,

with the presence of chlorite alteration of ferromagnesian

minera I s .

There is a considerable årnount of experirnental

data pertinent to the system M9O-FeO-AI=O=-SiO=-H=O, some of
which is relevant to the present study, A representative
petrogenetic arid for quartz-bearing assernblages in this
system from star Lake is shown in Figure 27. Addition of Mg

to this system ¡¡i1I generally shift invarÍant points to

higher pressures (Fe-Mg partitioning)r whereas a decrease in
Xxao will shift them to lower ternperatures. within the

conEtraints of this system, cordierite is limited to Iow

temperatures, whereas orthoamphibole and staurotite both

Þecome unstable with increasing temperature. The cordierite

amphibole rocks of unit 3 È¡re stable in å field defined at
high temperature by the reaction:

orthoamphibole = garnet + cordierite + quartz
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FIGLFE 27r Equilibria fn the system MqO - FeO - Al¡Os -SiO¡ - HaOl ALS åluminosilj.càter CRD cordierite, GRTgårnet, HC hercynite, OAtí orthoðmphibole, OTZ quàrtz, SIL
sillÍmànite, ST ståurolite. From Grieve ànd FåHcett
( L974t .
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and åt high pressure by the reactions;

(X €Ft

ïhis coefficient is ån exponential

-94-

staurolite + quartz

sillimanite + quartz

¡¡ç) (X GFd ¡'ø)

function of T, which may

cordieri te

cord ieri te

orthoamphi bo I e

orthoarnphi bo I e

+

+

This petrogenetic Arid tran only indicate epproxirnate

conditions of rnetamorphisrn" An attempt to åccount for the

shift in P-T conditions relsuiting from Fe-Mg partitioning or

substitutions may be made with the analytical data on phase

compositions.

( i ) Geotl.lermometers

(a)CordÍerite-oarnet

The Fe-Mg partitioning between cordierite and

garnet observed both in natural assemblages (Thompson, L?761

and experimental runs (Hensen and 6reen, Ig73; Holdaway and

Lee, t977 ) has been used for temperature calibration. The

equi I i br iurn of the exc hange reac tion

2Mg=41=Si¡'Ora + SFe=AI+SisOre(OH) =

2Fe=A l=SirçOr= + 3Mg=41+5i =O^e 
( OH )

Mg-Grt + Fe-Crd = Fe-Grt + Mg-Crd

is represented by the distributÍon coefficient

Kpo-c crcr (X o-ù -o) (X _t-d ¡r*l



be combined with the P-T position of the reaction

SFee'AI4.SiéOzz(OH)= + 3Fe+AIreSie0+a(OH)=

orthoarnphibole + staurolite

= lO"BFezAI+SÍe'ot.O"SH=O + 15"4FeAl=Oo + 2.6H=O

cordierite + spinel

This rnåy account for a shift in P-T conditions resulting

from f"lg-Fe substitution.

T = 2725 + O.O155P +/- 50 k

In kr, + 0.896 (Thompson, L976)

The equilibrium temperatures for the representative

garnet and cordierite rims, obtained for samples SCz-g (unit

1) and SC4-12 (unit 3) are 658-C and óSS-C respErctively for

6 Kbar, 66L-C and ó58-C respectively for 6.5 Kbar and ó6S-C

and 66O-C respectively for 7 Kbar.

(b)Biotite-oarnet

The Fe-Mg exchange reaction between bÍotite and

garnet is represented by the distribution coefficient:

for the exchange reaction
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Mg=A 1 =Si=Or=
garnet

KFe¡'AlSi=Or,¡(OH)2

biotÍ te

= FesAl=Si=Or=

garnet

( L97 6'

.{-

+

+ KMg*AlSi=Oro(OH)=

+ biotite

has shown that theFor this reaction, Thornpson

fol lowing relationship holds:

ï=274O+O"O234P +/- 50 K

ln K + 1.56

Equilibrium temperatures lor the representative garnet

and biotite rims, obtained from sample SCz-f (unit 1) and

SC5-12 (unit 2) ere 665=C åt ó Kbar,669oC åt 6.3 Kbar and

673'C at 7 Kbar for both samples. The application of this

thermometer is måde easier by the lack of zoning in the

garnets f rorn both these samples.

Both cordierite-garnet and biotite-garnet derived

temperatures show that metarnorphic ternperatures were fairly

constant throughout the Star Lake Elken Lake areð,

( ii ) GeoÞaromet_ers

Despite the variety of their mineral assemblages,

cordierite-anthophyllite rocks are not particularly suited

to derive pressure estimates from conventional

geobarometers, due to the structural and chemical.

cornplexities of the orthoamphiboles, Seif ert and Schurnacher

(1986) have shown that the assemblage cordierite-(Mg-Zn-Fe

=* ) aluminate spineì.-quartz cån be successf uI es a

geobarometer.
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In the system FeAizO+-SiO=r the phases spinel
(spt), cordierite (crd) and quartz (qtz) are related by the

univariant reåction ¡

Fe=Al+Sis0re(Fe-crd) = 2 FeAt=O+(Hc) + S SiO=(qtz )

ïhe equilibrium constant for this reaction is

K= = (X -Þ1r-)= (X qrE 
=.o-)

(x crcl *-)

considering quartz es a pure phase and assurning ideality for
the spinels

Kæ = (X -Þrp-)a ie. Xq'-s'o==1

(X erd --)¡

Equilibrium pressuFes for the representative spinels and

cordierites from sarnples SC5-35 (unit S) and MLS3 (unit S)

range from 6.6 Kb at 65o'c to 6.8 Kb at 7oo-c (as shown in
Figure 27 ) .

In the systern MqAt=O+-SiO=, the phases spinel
(spI)r cordierite (crd) and quartz (qtz) are related by the

unÍvariant reåction:
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Mg=AL4Sisore (Mg-crd) = 2 M9AI2O.a (spi) + 5 SiO:: lqtz)

and K:. = (X ÉP1 mo)= (X qt- *.-=)S

(X eFc' ¡,ls)

where XqÈ=slo= = 1

wherg X crct .-'€ = 1 - X €-d F@.

Samples SC5-35 and ML33 with equilibrium constant values of

Kr = O.35 (log Kr = -O.45) and Kr = O.34 (log Kr = -O.47)

respectively, give estirnates of equilibrium pressures of 7.L

Kb at 65O-C to 7.3 Kb at 7OO-C (Figure 2Al " These later

estimates rnay be lower than true values due to the

stabilizing effect of HzO in cordierite, which wås not

considered in the calculations used to derive Kr. According

to Mirwald (1982), hydrous cordierites would plot at +I.5 Kb

cornpared to anhydrous cordierite ( Seif ert and Schurnacher,

198é). The addition of Mg to the system (as occurs at Star

Lake) generally shifts invariant points to similar higher

pressure regirnes (Figure 291. It is therefore obvious that

added cornponents (FeO) to the initiat dry system l'lg0-AI=O*-

SiO=, reflect variations ås a function of pressure,

ternperature and bu I k roc k c hemis try "
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FIGURE 29: CèlcuIðted composjtions af ånhydrou5 Hg_Fccordierite6 in coexistence Hith quðrtz ènd (Ferllg)Al=O.
Epinels at th.ee diflerent temperatureg. From Seifårt anjSchumècher ( 19A6) .
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(VII) DISCUSSION AND CONCLUSION

(i) Possible Cordierite-Anthophvllite Rock Orioins

The anthophyllite-bearing rocks of the Sherridon

Group forrn discontinuous Iayers that have both gradational

and sharp contacts with the lithic arenites which enclose

them. Hypotheses for the origin of this rock type have been

nufnerouS.

The classic study is that of the Orijarvi areå

(Eskola ,1914) . He indicated that the cornposition of

cordierite-anthophyllÍte bearing rocks does not correspond

to that of åny sedirnentary or igneous rock. For this

reåsonr their origin wås attributed to contact metasornatism

involving relative enrichment in iron and magnesiurn and

depletion in calciurn and alkalis. Later, hjegmann and Kranck

( 1931 ) also suggested å metasomatic origin related to

regional rnetarnorphism. Tuominen and Mikkola ( l950) f urther

suggested that in the Orijarvi åreå¡ cordierite-

anthophyllite rocks represented isochemical Iy metamorphosed

quartz-chlorite rocks.

In the case of the Star Lake - Elken Lake area,

Robertson (1953) described an anthophyllite band of wide

distribution at a constant stratigraphic horizon. He stated

that the character of the rnineral assemblage suggests Fe-Mg

metasomatism of an alurninum-rich sedirnent or tuf f "

Robertson favoured the tuff progenitor because of the wide

lateral development and apparent continuity of the band
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(norrnal sedirnents in these types of rocks would probably be

Iess continuous and would not offer Euch à permeable medium

for ascending solutions) .

Wi I kinson ( L976 ) noted that this assernblage weg

very similar to the high-temperature assernblages found in

metarnorphosed volcanic alteration pipes. In aI teration
pipesr this is the result of the conversion of the original

assemblage to one consisting alrnost exc lusively of Fe-Mg

chlorite, similar to the shakami Mine occurrence in Japan

(Shirozu, L974r.

Goetz and Froese (L?AZ ) proposed that the

cordierite-anthophyllite rocks required chloritic rockE as

precursorsi these could be produced by hydrothermal

al teration. "Chloritization is å cornrnon proccess in
hydrothermal a1 teration, which involves the selective

dissolution and rernovål of calcium and sodiurn, producing å

rock depleted in these elements and enriched in alurninum.

Thus , mafic rocks eould acquire the composition of a quartz

-chlorite rnixture and felsic rocks could become chloritized

by è¡ combination of some alurninum with iron and magnesium

from the hydrothermal solution.', (6oetz and Froese, lgg2).

They aLso suggest that the protoiith of the cordierite-

anthophyl I ite rocks might have been detritus of

hydrothermally altered rocks, transported to their present

Eite either as å fine suspension in å brine (bJiIkinson,

L976; Goetz , 1980 ) or as a sediment gravity f Iow ( t"lidd leton
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ånd Hampton, L976) " In the search for chloritic precursors

of an thophy I I i te-bearing roc ks , two main processes of
chl.oritization have been considered; hydrothermal alteration

related to mineralizatÍon (Froese, 1969; Goetz and Froese,

L9AZ) and chloritization as part of the cornplex alteration

Ieading to the formation of spilites (VaIlånce, Lg67, 1969).

In the case of the cordierite-anthophyllite rocks

at the star Lake Elken Lake areå, the available evidence

seerns to point to ån aI tered basal tic protol ith with mixed

injections of sedimentary material. The hydrothermal

aì.teration of basalt by seawater thus forming alteration
pipes is the rnost likely process leading up to the present

Iithologies. These alteration pipes probably forrned due to

rapid heating of Iarge volurnes of cold undepleted seawater

in the vicinity of vent åreås. The heated seawater then

reacted with the basal tic rocks of the crust,

recrystallizing them and modifying the chemistry of both

rocks and solution and eventual ly exiting the rocks ãs hrarm

or hot springs. In the process, with e veFy large water to

rock volume ratior chemical components were transferred frorn

the seawater into the altered crust and vice versa. Wolery

and sleep (L976) have suggested that water/rock ratios in

submarine hydrotherrnal systerns may be as high ås loo ( total

mass of water which has passed through the systern during its

lifetime divided by the mass of rock within the system that

has been altered).
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In general, upon heatingu the cold seawater Iost

Íts magnesium very rapidly to forrn chlorite and srnectite

mixtures in varying proportions, Seyfried and Mottl (1982)

have shown that, with very large water to rock ratios and

elevated temperatures, Mg h,ås rernoved f rorn solution and

therefore supplied to the crust whereas Na and Ca had been

leached frorn the basaltic rocks, As sodiurn is very depleted

in these al.teration zones, this would reflect the virtual

total destruction of feldspars. As the Mg supply exceeds

the amount of Mg that the available rock cån absorb, the

concentration of Mg increases in solution. Under these

conditions, the solution becomes acid and rich in heavy

metals promoting the formation of sulfides Ín isolated

localities (Elken Lake and Sherridon deposits mây be typical

exèrnples). The only silicates which could forrn frorn basalt

and coexist stably with such å solution are quartz, smectite

and chlorite. This results from the fact that nearly alI

the Ca, Na, K, Ba, Mn, Cu and 7n åre leached frorn the

altered silicates and reside in the acid solution (Seyfried

and MottI, 1982; Seyfried et aI., 19BB) .

The size and vertical distribution of a chlorite

pipe is probably å function of the permeability of the

crust" This permeabiiity rnay have been the result of highly

fractured zones åssociated with rnajor faults or å functÍon

of fragmental accumulations being aI tered. These

cornpositional ly variable aI teration zones most I ikely
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reflect the changing cornposition of the star Lake Elken

Lake units, following Índividual periods of tectonisrn and

metamorphism. FoI lowing this åccumulation of aI tered

material r high-grade regional metamorphism took place for a

Iong period of tirne, promoting the growth of coarse crystals

of some of the rninerals,

it could possibly be

alteration sequence from unit

Lake, represent a progressive

alteration pipe cores.

inferred that a progressive

I to unit 3 rocks, from Star

trend towards chlorite rich

( ii ) Tectonic and Petrolooic Historv

The Kisseynew meta-sedimentary bel t 1 ies between two

volcanic bel ts from which its sediments were derived
(Bailes, L97L) " Dickinson (L974) stated that a rnuch Iarger

åmount of sediments can be derived from a volcanÍc belt than

the arnclunt of volcanic rocks preserved in the belt. This is

true of the Kisseynew belt, which contains at least 10 times

the amount of sediments ås there are volcanics preserved in

the Lynn Lake and Flin Flon belts. Due to the volcanic rock

and unit size distribution, this setting resembles ð rnodern

Þack-arc basinr suggcrsting tectonic activity and volcanic

alteration" From these relations, it tràn therefore be

inf erred that the vol.canic and sedirnentary bel ts of central
Planitoba and Saskatchewan could have been created by the

process of plate tectonics ( Karig , L97Z') .
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APPENDIX A
CHEMICAL ANALYSES OF ROCKS FROM STAR LAKE, NEAR

SHERR I DON If AN I TOBA

Ninety-nine chemical analyses of rocks frorn the

Star Lake - EIken Lake årea, near SherrÍdon, ë¡re cornpiled in

this appendix. The analyses are listed by field sample

identification nurnber and unit number. FieId såmpIe numbers

refer to figures 3 4 and Tab1e 2i unit numbers refer to

the field units:

U-l: unit I (quartz-garnet-anthophyllite),

U-22 unit 2 (garnet-anthophyllite),

U-3: unit 3 (anthophyt Iite-cordierite) ,

GBG: quartz-biotite gneiss€rs,

SIL: the sil.limanite zone,

U-2(M): the mineralized unit 2 (garnet-

anthophyllite) of EIken Lake and

U-3(M) : unit 3 (anthophyl Iite-cordierite)

near the east orebody at Sherridon

l*'lanitoba. ( Sherridon unit 3 )

A rock sahf was used to cut sections within the

three mappable units and adjacent quartz-biotite gneisses in

order to provide ås continuous å sample as possible for

chemical analysis and thin-sectioning. Ai I weathered

surfaces were removed, and the sarnple was sawn in half; one

half was saved for making à thin-sectionr polished thin-

sectionr chemical anaryses and hand specimen, and the other

half was catalogued at the Manitoba Energy and Mines Bureau.
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The sample wås then cut for thin-sectioning. Another

representative part of the sarnple was crushed and sent to

the university of ottawa Analytical Geochemistry section for

rna j or ox ide ana l yses , and Bondar c I egg Geoc hernica 1

Laboratory for trace elernent analyses. Methods, Iower

detection I imits and rel iabi t ity of analyses for each

element and reported standards are Iisted in Table A-1,
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APPENDIX B
RARE EARTH ELEMENT ANALYSES OF ROCKS FROM STAR LAKE

NEAR SHERRIDON MANITOBA

Ninety-nine rare earth elernent analyses of rocks

from the Star Lake - Elken Lake årea, near Sherridon, åre

compiled in thiE appendix. The analyses ère Iisted by field

sample identification number and unit number. FieId sample

nurnbers ref er to f igures 3 4 and Table 2; unit nurnbers

refer to the field units:

U-l: unit 1 (quartz-garnet-anthophyl Iite) r

U-2: unit 2 (garnet-anthophyllite) r

U-3: unit 3 (anthophyllite-cordierite),

QBG ¡ quartz-biotite gneissEls,

SIL: the sil Iimanite zone,

U-2(M): the mineralized unit 2 (garnet-

anthophyllite) of EIken Lake and

U-3(l'l) : unit 3 (anthophyl lite-cordierite)

neår the east orebody at Sherridon

Manitoba. (Sherridon unit 3)

Methods, lower detection limits and reliabiiity of

analyses for each element and reported standards åre Iisted

in Table A-l "

-L24-
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APPENDIX C
NIGGLI NORMS CALCULATED FOR THE ROCKS FROM STAR LAKE

NEAR SHERRIDON MANITOEA

Niggl i norms were calculated f or 99 sarnples f rom

Appendix A, and åre cornpiled in this appendix. These

samples represent samples frorn the Star Lake EIken Lake

areå, near Sherridon. The analys€rs are listed by field

sample identification number and unit nurnber. Fietd sample

numbers refer to figures 3 4 and Table 2; unit numbers

refer to the fíeid units:

U-l: unit 1 (quartz-garnet-anthophytlite),

U-2e unit 2 (garnet-anthophyllite) ¡

U-3: unit 3 (anthophyl lite-cordierite) ,

QBG: quartz-biotite gneisses,

SIL: the sillimanite zone,

U-2(M): the mineralized unit 2 (garnet-

anthophyltite) of Elken Lake and

U-3(M) : unit 3 (anthophyl.lite-cordierite)

near the east orebody at Sherridon

Manitoba. (Sherridon unit 3)
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APPENDIX D
MINERAL CHEMISTRY OF ROCKS FROI'I STAR LAKE NEAR

SHERRIDON MANITOBA

Four hundred, seventy-two rnineral analyses from

the Star Lake Elken Lake ereå, near Sherridon, are

compiled in this appendix. The mineral analyses åre Iisted

by field sample identification number and unit number.

Field sarnple nurnbers refer to figures S - 4 and Tabte Zi

unit nurnberE refer to the field units:

U-l: unit I (quartz-garnet-anthophyl lite) ¡

U-2: unit 2 (garnet-anthophyl Iites) ,

U-5; unit 3 (anthophyttite-cordierite) 
o

QBG: quartz-biotite gneisses,

U-2(M): the rnineral.ized unit 2 (garnet-

anthophyllite) of Elken Lake and

U-3(M) : unit 3 (anthophyl Lite-cordierite)

neàr the east orebody at Sherridon

Manitoba. (Sherridon unit 3)

Ana I yses of minera I s wË¡s done wi th è JEOL 7Ss

electron microprobe with ful I Tracor "Northern automation at

the National Museum of Natural sciences in ottawa.

standardsr spectrometer positions and crystals used are

Iisted in Tables Dl and D2. The zAF setup table is also

listed in Table D3.
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0.i0i 0.2/i 0.36! 0.42i 0.j4i o.¡li o.zzi o.z+i o.zti o.zti o.z¡i
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A}iPHIBOLIS ¡

Specioeni SC i sc i sc||o. !¡-ZSai¡-ZSai¡-ZSa

q0 !en
3-25a i 3-25a

iuni t *|_-

ci
Ál

t)

anth i anth sed i anth an ¿hth/ced

si02
Tit2
AI2OJ
}|sû
Ca0

llnú
Fetl
Na20

F

0:F

Iotal

(r+y)

tl

* nueber of ions on the basis of 2J oxygens- not detected

i u.¿o! v.¿úi u.¿7i u.J¿¡ U.jl I U.J¿j U.JJi U.JZ: U.JJ
i ll. rrri 10. 42it0.7 6it0. J7 i lr.si i 12.03 i s. 9s i 9. 4s i 10. 7J
i19 .26ii9. s7 it8. Ð8 il9.le ¡ 18..q4 ¡lr.7s ¡ts. i9 itr.,1Ð ite.,r4
i 0.2ûi 0.1ói 0.1ii 0.18i û.20i 0.20i 0.17i 0.1âi 0.14i- ¡0.ll¡ i- ¡- io.oei o.lli - i

A]
fill
Hg

UO

Hn

Fe
Ha

Na

i u.u¿: u.u¡i i - : u,uri u.ull
2.02i 2.02i 2.22i z.ili 2.06i 2.0Si 2.0di
0.0ii 0.0ii 0.0si 0.10i 0.05i 0.00i 0.02i
_--:_iiirii
7.00i i.00i i.00i /.00i 7.00i 7.00i i.00i

o.zti o.z¿i o.z¡i o.lzi ¡ : ì

; ; I i0.26i0.26i 
0.23i

0.27! D.zai 0.2ii 0.ti i 0.26i 0.2Éi n.zsi
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I Jrpn ii spec
'ilñ."1

iUni t f;

¡ ct'

i ¡-rs
ù1,

J-2oa J-29 J-29 'Ì-t0

an th

i:2i2i2 2i
ged sed i

4.10i 4.02; 4.0!i J.Ð8i i.tl5i
0.0Ji 0.0i;0.0ii 0.04i 0.0ii
û.02i 0.02i 0.02i 0.02i 0.02i
2.23i 2.2Éi 2.ró j 2.it i t.z¿:
o.o0i o.0Ji 0.05i o.o4i o.o6;

iiiii
/.00i /.00i i.00i /.00j 7.00i

siû2
iiû2
Äl 203
Hst)

Ca0

Hn0

Fe0
Na20
t
f

0=F

iota I

JI
AI

AI
lt
lls
lìr
Hn

Fe

lla

:

0.i0i

n ìni

* nunber of ions on the basis of 2J oxygens- noi detected

ged i anthr anthí anth

*l t.tti e .++i ¿.rsi ,.ori ¿.s¿i ¿.*i
¡ 0.84i t.óói 1.0si 0.eii l.14i 1.04i

¡ r.ooi s.ooi a.ooi s.ooi ¡.ooi ¡.ooii H.uui 8.00i 8.00i 8.00i 8.00¡ 8.00i
i-i¡iii¡i0.66i û.90i 0.70! 0.ó2i 0.i,5¡ 0.i2t
;0.0Ji 0.04i 0.04¡ n.0¿i 0.04i 0.0j;
i 4.Lí,i 3.i0i j.64i J.,t6i J./9¡ J./3i
¡ 0.02;0.0ii 0.03; 0.0Ji 0.0tj 0.03i
i - i 0.03i 0.04i 0.0ii 0.0Ji 0.02¡
i l.oti ?.{6i 2.s0i 2.31i 2.3i; 2.4J¡
i 0.0Éi 0 lÉi n nSi n nt; n n:i¡ n n¿ii 0.0ói 0.1ói 0.0si 0.01 i 0.0ji 0.04¡

(x+y) i i.0o i.00i /.00i z.ooi z.oo; z.ooi

i o.tti o.¡zi o.zyi o.¡oi o.¡¡i o zçi0.rs¡ 0.Jii 0.2ei 0.i0i o.¡¡i o.zçi

o.rai o.¡zi o.zsj o.soi o.¡¡i o.zli
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SC

r)

i3
SC

J-54a
! Jl,,

i ¡-sqai-': 
')

icn
i ¡-S+a
I-
:4iL

?-c ¡

,)

SC

3-54a

2

Iqn ¡ erl

-43 ii-54a
t

:J
i Jl,
i J-4i-¡1

ispecieen i sc
iNo. i J-43

| Ål'{oltIIrÏ ra:n¡¡r ¡rruvLLU

iunit r

Anih/Gedj anth i anth

i Ë:íii iäi t3 î:li,î:Íîi 9:i3 i,3:í3i,l:tBi 9:¿l i 9:iii,l:;i i 

"i: 

i? i

sed an th

siû2
riù2
AI 2OJ
Hso

ta0
Hn0

Fe0
Na2ù

F
ll:F

Iotal

i'i, ?{ i'l' íii 
rf; 

' 

íä i 

rå, 
íÍ i'i, íi i 

rå, 
iii 

ri, 
íi i,i, ii i'í, ii i 

rå, 
iíi'i, ii i

Si t(.

AI

AI
Ti
tfg

Ca

Hn

rË
Na

t nunber of ions on the basis of 2J oxygens- not detected

i , tri z.rui ,.rri i.t+i t.zs:,.r*i r.r,r' ,,,i
i r.14i 0.66i t.0t! 1.2ói 0./si 0.74i r.ozi o.açi

, ooi ,ooi ;;;i ;;'i ;;;i ;;; ;;;i ;;;i ,,,i ,,,¡ ,,;;

i,lli l,fij i,iii 3,1Íi l,!ii i,äii i,iii i,ii¡ i,!ii i,iii î,rii

i!t:
7.13i 7.04i 6.97
0.8ii 0.9ói 1.03

i'ñii å.Äii l,nir I,ni¡ i,ilj 
l;åii 

i:iii ffiÍi å.üii 
ilåii 

í'iij
å'äåi ä,åíi ä,flii ä,iii ;,l:i ¿';:i ä,fii ;'rsi fr:Bíi 6 Bri fr Bii

, ooi,ooi, ooi, ooi' ;'i ; ;;i ; ;;i ; ;;i ; ;;i ; ;;i ; ;;i
0.2Ji 0.17i 0.26i 0.eai o.rz¡ o.zri o.¡¿l o.lli o.lai o.z¿i o zlio.z¡i o. vi o.uio.rri o.,ri o.rri o.roi o,ri o,ri o rri o.r,i
o z¡i o 17i 0.2Éi o.eai o.lzi o.rzj o.¡+j o.rzi o.l¿i o.z¿i o eri
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i

AHPHiB{)LES i

i An th/Ged ; ge0

i

vei
û-th I

:

Jt/ i

¿-2h:

ieni
ó-2h ¡

sedgedge0ge0

JiJ

ged 9ed i sed

si02
ri02
AI2(]J
llg0
tat)
lln0
Fe0
Na20

F

0:F

t0[aI

ii::;ii!!

l. q? 
i 
4?. I1 i 

4É . g7_i 47-.7_2i 47 .il ¡ 4s. ós i 4s. so i +t. r I i +2. rs i0.J4i 0.i5i 0-25i 0 3ni n .1n¡ n I j n rni n rci n rr ii it : 3i i'i : Íl i 

-å:iå 

i 

*¡ 
: ií i 

-í: 
:B i 

-l: 
:å i'B : Íï i 

-3 

: !B i 

-ä 

: Ë 
j 
-í 

: Íi i 

-å 

: 3ï

st .yt ist .ssise. zz i pz . ss j çe. ¿o i 97.28i
i;i
ist .qoiyt .'¿ti

AI
|l
Hg

Ld

Hn

Fe

Na

¿.ni t.g+i t.sei i.¿si t.n
l.2ei 1.0ói r.ozi r.¡st r.e¡

iiiiiiiiiz i Ë.ooí 8.ooi 8.ooi 8.0û¡ s.oo
iiii

0.95i 0.78i 0./4i 0.9ii 0.s4
0.0ii 0.04i 0.04i 0.0ii 0.0J
i.t5l 4.0ói 4.0di 3.90i 4.0ii.Ìst 4.0ói 4.odi J.90i 4.oii
0.03i 0.0Ji 0.0si o.o¡i 0.0¡ii 0.û3i 0.03

* nunber of ions on the basis of 2J oxygens- not detected

::;:iiiii¡¡i
6.'¿6i 6.lti É,.95! r.yli 0.¡+i ¿.loi
t.r4i l.0ei t.0si 1.09i t.r¿i r.roi
-iiii¡ir.00i 8.00¡ Ë.00j 8.00! s.o0i t.o0i

o.¡ei o.¿¿i o.e¿i o.nzi o.roi o.ar i
q.qIi q.qJi 0.03: û.0J¡ 0.0¡:0.0¡i
i.iei i.84; i.86j J.8ói ¡.¡+¡ S.¡O;
0.0i¡ 0.03i 0.0Jj 0.0i! o.o¡; o.osi
.-_i - i - i0.0ii0.0ti - iz.z\i z.t7¡ 2.ts¡ 2.tsi z.t+i z.zsi
o.06¡ o.oi i o.o/i o.07; o.osi o.o¡i;iiii;
7.00i 2.00i z.ooi z.ooi 2.00i z.ooiii!iii
0.zgi o.z+i o.lzi o.e¡i o.z¿i o.zti

o.zsi o.z+i o.zzi o.z¡i o.zr,i o.zti
iii;ii
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iAHPHIEOLES

Speciseni SC

No. i 4-9

!¡r^;+ ¡ i z
iuilrL Ì ! J

t):F ; -

Iotal i lu. zo

ci +l r nz.Jt +l /.u\)
¡l i ¡ a-AI i U.'J I

z ¡ 8.00

ll i n rcñ¡ | v.lJ
T; ! n n^IL i U.U¿
Hn i¡or¡¡!

Ca i 0.04
ùlni-

i

F-o lCtC

Na i 0.06
!

{x+y) i 2.00

Na 0.22

itt isc isc im iw irr jsc;sr isilsr-
i 4-e ¡ 4-e i 4-e i4-12 i4-t2 i4-12 i4-r2 i4-tJbj4-l3bi4_rjb!

sirijirir¡J
anthi anthi sed i ged i ged i se¿ I sed i ged i sro j ss¿ i

:qn .4sie7.42ie6.29

i¡**i rlli r:ri iu

i'i'i
i '16. 50 i 98. 02 ;

n 2)i
¡

I

i í:iÍi í:33j f :3åi iä; ilii f :13i Í:3li i:i?i i:åÊi f :?Íi

i s.0oi e.ooi *.ooi a.oo! u.ooi ¿.ooi s.ooì s.ooi ¿.ooi u.ooi

i q ¡ni o.tti o.,ri o.,ri o.r,i o.,ri o.rri o.zui o.zsi o ¿¡i
i 0.02i 0.0,1i 0.0Ji 0.0ii 0.04i o.osi o.o+i o.o¡i o.o¿i 0.0i;
i !.2ri i.rl2i i.84i 3.s0i i.i2; J.i2i i.ls; ¡.¿oi ¡.io¡ s.¿z!i n n,{; n nci n ñ¡i n ncl n nri n n¡i ñ n¡i n nri n n.i ^ ^.i
i 

o_ooi o.0si 0.0+i o.osi o.o¿i o,oni 
B:Båi 

0.0si 0.óÉi õ:ûsi

' 2.39i 2.32i 2.24i Z.tS: Z.lSi Lisi z.t+i 2.Jji 2.3,{i Z.ni
0.00í 0.04i 0.û6i 0.04i 0.02! 0.0rr; o.0si o.osi o.ol i o.osj

z.0oi z.o0i z.0oi z.ooi z.ooi z.ooi z.oo! z.ooi z.ooi z.ooi

o.l¡i o.z+i o.z+i o.z¿i o.rri o.rri o.rri n ro, n rni n rnio.r¡i o.z+l o.rni o.rui o.rui o.rri o.ui o.rri o.rri o rrl
o.r¡i o.z+i o.z+i o.z¿i o.¡si o.zsi o.¡¿i o.zei o.zçl o.zpi

* nuobqr of ions on ihe basis of 2J oxygens- not detected
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¡A}IPHIE{]LTS i

Spec inen
No.

iUnit # i¡ i¡ iz
iAn th/Ged

si 02
riù2
A I20J
Hgtl

Ca0

Hn0

Feû

Na20

F

0=F

| 0¡al

j;l
Al :0.7Éi 0.óei 0.69ri i o.o+i o.o3i 0.04Hg i J.70i 3.i0i J.9ÉCa ; û.05i 0.0si 0.02Hn i-i-iFe i 2.40i 2.46i 2.26||a i 0.05i 0.07i 0.0JNa i 0.05i 0.07i 0.0ii

iiii
(x+y)¡ z.ooi z.ooi z.ooi

iii!Na i o.zti o.z¡i o.zyi
ii¡i

,,i^^-:^^,i^!þt i u.?/i 0.2Ji 0.29i
ii:;

isc isc jsc
i4-1ibi4-libi s-t i 5-9

cfi
ii;i;i:
isC iSc !Sc isc:sc isC i

i5-16 j5-t6 ¡5-2ta¡5-2taiS-Zla;S-Zia¡

co

5-l

Si
Äl

* number of ions on the basis of 2J oxygens- not detected

o.zsi o.l¿i o.zo
ii
ti

0.2Êi 0.1ói 0.20

! l!.?i!.ï.llí.?.q{i10. l!i e.42i l0.6si ll.i8! ti.06i 7.ssi il.6Ði 12. 4ói
i 17 . ttitT .22ilB. 49 i 18. ii i I 9 . 64i t9 .zti 17. !0 ¡ 18. jó i n . tt its. 8/ ¡ 18. j0 ii 0.29j 0.Jii 0.lli 0.tJi 0.12i 0.12i o.lli 0.ls¡ 0.10i 0.t2i o.lsi
i_-_i - i i i - i - i i i io.rr i

ir?.lqi29.llitq.g0il8.8qir7.siitÐ.04ils.eoiû.23i1,1.7si|i.,is¡17.s4ii I lôi I ngi I lAi I ?11 n4ai n 7cj no?ì noni n ¡ri n ro! n¡z!

i U.LUi

i12 .4Éi
iti'.1iiti'.äi s : ii i is : ri i ri : ¿¡

1À1
-aaa-



ST

A]

AHPI1IBI]LTS

Hso

Caû

Hn0

Feû

ila20
F

0=F

| 0tat

tJ.lt 0.t7

r nuober of ions on- not detected
the basis of 23 olygens

A1

TT

Hg

Ca

lfn
Fe

Ha

()(+y)

Na

t

i Spec i men

iNo. ,!!,,i,!!,,i,!!,,i,13, i,13, i,13, i,ls, i,13, ¡,13, ¡,:g, ¡,:3,
Unii å 1 ?

J 3iJiJ J i
An th/Ged an th anth i ged 9ed sed

ii
gediged¡ged ged ge0 i anth

Sr û2
Ti02
A1203

49. 90
0.26
9.67

49. 6') i 47. J0
0.26i 0.24
9.76i12.s5

47 .46
0. 28

12.r2

4ð. i2
0. 2J

10.23

48. 06 i 48. 6i i ,1/5 .66
0.23i 0.19i 0.40

11.91¡10.89i12.82

46 .59 i 4ó . òt i 4:r. iü
0.i2i 0.6ii 0.31

li.03il2.28i Ê J2

ã:iBi i:8îj f:î3i i:íti l:;íi f:iåi l:;li l:;;i l:3li I'lli ¿:¿;i

a.o0i ¿.00i 8.00i s.00i a.ooi u.ooi jt.ooi a.ooi e.ooj ¡.oo! ¡.ooi

l,ííi i,iii lfii iiii iíåi iäii qËii iffii iflîi iiii sili

iI

3,iii i,lii !,iii !,iii 
ä óii H ä3i H:líii 3:äÏi 

!,9Ïi 
g,iii I'i;i

l:iíi i:!ii l,11i l lii i'iäi s'síi È,äii Ë,i¡i B:Bii B:Bii B:Bi¡

i:fråi å:frii 3:üÍi 3:33i å:ã3i 6:åfi å:åii i:åii i:SSi å:Sii å:åii

1 :ri I i:i 1 :oi 
t ooi z ooi z ooi z oo¡ z.ooi z ooi z ooi z ooi

o.i¿i 0.lzi o.z+i o.z¿i o.zei o.z¡j o.zzi o.sti o.¡zi o.:li o t¡i

-L42-.



ii
iAHPHIE0LtS

Hst)

Ca0

Hn0

Feû
Na20
F

Io tal

r5. B5
I tcT.IJ

0.77
0. 04
3.77 i

O.OJ¡
0.03i
2.3ó i

0.00i
I

/.00i

7 .t2
0. 88

8.00

0. É0

0.03
4. 05
0.02
0. 02

2.26
0.02

-""i-"-¡-iiii¡ii7-.??i 7 .??i 7 .04i 7 .20i 6.6ei 7 .34i 7 .sti 7 .|ti z. r¡i
0.7ti 0.7Li 0.eói 0.80: l.Jti 0 óÉi o r+j o.oij o.ãii

B. 007

A1
tl
Hn

UO

l,fn
Fo

Ha

(x+y)

0.7ti 0.71¡ 0.eói 0.80! l.Jti 0.óÉi o r+l o.oit o.ãii
¡iiiiiii:

8.00i s.00¡ 8.00i 8.00; r.00i s.00i ¡.ooi s.ooi s.ooiiiiii;¡ii
0.!7i 0.47i 0.i0i 0.ssi 0.ssi 0.,rii 0.4i! 0.ó2i 0.ój¡
g.q?j q q?i 0.02i 0.01! q.04i 0.û2i 0.02i 0.04¡ 0.02i
1.?ii 4.34i 4.26i +.i7i J.iJi J.ee; 4.0ri J.isi 4.0ri
g.l?i q.q?i q.q?i q.q?i 0.0ii 0.0si 0.02i 0.02i 0.0ji
q.q?i 0.02i 0.01i 0.0ri 0.02i 0.02i 0.02i 0.02i 0.0ji
?'?!i ?'l?i !.lf i !.e7i 2.27i 2-4ti 2.44i 2.s0j 2.17i
0.00¡ 0.01! 0.04¡ 0.04i 0.0ji 0.01i 0.02i 0.05i 0.04;

i.00i 7.00i /.00i i.00¡ 2.00i i.00i z.ooi z.ooi z.ooi

^^i--!iiiiiii0.22i 0.21i 0.%: 0.21i 0.40i û.t9i 0.17i 0.22i 0.24irJ.32

0.32

7 .00

0. 25

0. 25 0.22

* number of ions on ihe basis of 2J oxygens- not detected

Spec i oen
llo.

SC

5-55 8-4
JI,
8-4 ö-/ ó-/

SC

ti- /
SC

B-7
sc isc

È-lq itl-lq
SC

B-t5
icn
iLl-t7

iunit r i ¡ ùrJ JiJ

iAn th/ced sed an th an th an th an th an th ge0 anth i anth anih i anth i

si02
ïi02
Ai20J

7.90
0. J5
r.i/

50.15
0.2J
I .8J

50. Ð3

0. t9
6.96

50. 85
n to
6. !8

49. .q0

0.r4
?. 95

50.91
0.12
8. 28

46 .6(,
O. JJ

12.94

i

5û. 56 i 50. 92
n tÈ¡ n lcv.¿uì v¡¡u
6.i9i 6.50

49.Jói49.il
0.i7j 0.22
8.t8i ð.s']
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i¡nputsoLEs i

it-17

iUni t f

ilL il|L
49 i49

HL iHL iHL
4e iqg i+l

r/Ml i 2(l,|) i 2(H) ¡

si02
Ii 02

AI 2OJ

Hsû
Ca0

Hnt)

Fel)

lla2ù
r
ll-L

Iotai

# nuober of ions on the lrasis of lJ oxygens- not detected

anth j anth i anth i anth ij anthi ged i sed i sed i ged i sed i sed i ge¿

i it, ii i lå, ¡¡ i'i, ii i,i, íä i ll, ii i lí, fi i li, ii i ii, ii i :l íí i ti ii i :l;r

i lä.i; i'å' ïii'1,i; i'l,li i'í. Iå i'ä. iii 
rj: ji i 

ri sr i tå i3 i ii:ål i 

'': 

iå i

i'í: í3i'3:å3 i';:3Ji'B:íi i'î:åli'í:i3i'í:li i'l'íii'i'iíi i'íii i.iii

i,,,,i,,,,i,,,,i,,t,,i,,t-,i,,,,i,--tuj 
-t'; 

t-:^i,:t::i,:t.:i

iï -i 
¿'güi ¿:gi ¡:gi ¿:ri r:åii t:ili r:fii i:tii i:tÍi i:ÍÍi f:ÍËi-ii!-iiiii¡--i--¡lz ; ù.00i 8.00i 8.00¡ s.ooi a.ooi ¡.ooi u.ooi ¡.ooi t.ool t.oo; ¡.on;

Al ¡o.lti o.¿si n.t*i nrni ,rr,i nor! , nri ,n,-,i , noi ,,ni , n,iîi iiiåi 3'iii l'¡ii s'Éii ö,ôËi l:eli ¿:tíi åtii å:Bii ¡¿:i ¿lli
ü¡ i i:lii ü iii i:ô¡i ô:33r 3:iìi ü:ä3i ü:dli ;:¿l¡ l:i:i i:i:l ;:i:¡

ffi i å,iii ä,äii å,äii ä,åíi å,åii ä,iii å,flii ;,eri ä,ååi ä,frir ä,fii
[e illq¡qqiillti i:¡ti ã:ãsi ã.isi ã.oei z.oyi "r.iäii.åäi z.tz,

j 0.06i 0.0ri 0.02: 0.01i 0.0si o.o+i o.oli 0.0si 0.0ji õ:0ri õ:ô¡j
, . ,i - ^-i - --i - --i 

"'i '--i " "-i " "'; u'uui u'uu¡ u'urì u'uei

(x+v)i 7.00i 2.00i z.0o! z.ooi z.ooi z.ooi z.ooi z.ooi z.ooi 7.00.7.00i

v.vci u.u4i u.uv: v.uLi u.u¿i u.ull u.ul!
z.tzi 2.2ti 2.zsi z.zsi z.asi z.lsi z.oai z.
0.06i 0.0Jí 0.02! 0.01i o.osi 0.0+i o.oli o.

2.00i i.00i /.00! i.00i z.o0i z.ooi t.ooi t.

o.zsi o.r+j o.r+i o.zzi o.nri o.rri o.uoi o.
i 

, j -,j 
"-j ""i ,.-"i ,.""¡ '.uuì t.uui /.uuì ./.uur ./.ur 

i

i Hu i o.zsi 0.r+i o-r+i o.ezi o.+li o.zei o.+oi o.¡si o.+zi o.¡¡i o.¡ziilli:ii¡iiiii; w i 0.2si o.l+i 0.r+i 0.27i 0.49i o.z¡¡ o.+oi o.;si o.+ei o.;ui o.¡ziiii!;i:i¡iiii
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iÄ|lPt.|i8ûLES i

isprrir.n ! lttiNo. ¡49

2(H)

Än th/Ged sed i

si{)2
Titl2
A] 2ÛJ
llg0
Catl

Hnt
Fe0

Na2û

F
tt-L

Total

tlL
<t

HL

49

2u)

ged

2(H) 201) z(H)i 2(r,r)i ztr)i

¡iii¡i¡t.lli 1.12i 1.07 i t.t4i 1.02i 0.s6i 0.óii
0.04i 0.0si 0.03i 0.04i 0.03: 0.02i o.or i

i.59i J.s5i i.80i i.71t J.S4¡ 4.07i 4.Zli
0.05i 0.0Ji 0.03i 0.0Ji 0.0J:0.04i 0.0ii
0.02i 0.01i 0.01i 0.01¡ 0.01;0.02;0.02i
2.zqi 2.24i 2.04i 2.û1¡ 2.0ói ?.27i 2.tti
0.0r i 0.00i 0.02; 0.0ói 0.01 ¡ 0.02i 0.01 ili:¡¡::ri:¡¡¡!
/.00¡ /.00i 7.00i 7.00i i.00¡ i.00¡ 7.00¡i¡iiii:
0.40i 0.4J;0.isi 0.J4;0.i4i 0.1¿i o.osj

ttiiii:iiii:¡i
ri.44; 6. i6 ¡ 6.5úi 6.52i i..64i 7 .27 : 7 .30i
r.s6i l.ó4i 1.44i l.4si l.i6¡ 0.73i û.70ii::iiiiiiii
t.00i 8.00i 8.00i 8.00i 8.00¡ ú.00i 8.00iiiiii;i!iri¡i¡t.lli 1.12i 1.07 i t.t4i 1.02i 0.s6i 0.óii
n n¡! n ari ¡ azi n n¡¡

S1

AI
ó.4t
lql

8.00

I .06
0.05
J. bv

6.39 i

r.6r j

8.00 i

A1

Þlg

Ca

Hn

Fe

Na

(x+y¡

0.0Ji
0.01i
2.12i
0.04 i

7.00i
i

0.i9i
i

0.i9i

l.19
0.04
i. ó5

0.03
0 .01
t0q
0.0J

i

7 nn;
i

n ,n !

0.40

0.40i 0.4J;0.isi 0.J4i 0.i4¡ 0.lri 0.0sj
it;;i;iit¡'

0.40i 0.4Ji 0.Jsi 0.iai o.¡+i 0.tói 0.0ri¡iii:ii

* nunber of ions on the basis of 2J oxygens- noi detected

ged i anih
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¿-r
Spec i men

No.

ru
Hs

}ln
bd

Fe

Hg

14n

Ca

cn lqn
rr!rr l-/ i t-t i

^ôi^^;JIJ I JL I

ii!icr' ¡en ¡jvu¡úui

i 1-i i l-t4a ¡

JL
2-I

qn

si*
z

AI
l-t
Fe

iUnii *

si02
Ii l)2

Äl 20J
ilst]
Ca0

llntl
Fet)

lla20

Iota I

Sl ù2

ïiû2
AI2(Ji
Hsû

ta0
l|n0
Fe0

Na20

Iotal

¡.ozi ¡.0¡i
i.02! i.0ii
1.98i 1.98i
-i - I

?nt
1nî
1.97

0.02i 0.0J
2.00i 2.00
2.27 i 2.26
0.55i 0.5Ð
0.09i 0.0.q
0.04i 0.04

J. 02
7n
r.97

3.0r i

J.0ti
l.'lii
0.0,1i
2.00 i
l. t4;
0.àt:
o.ori
0.0ói
2.ì(,i

0. 02
2.00
2.i,r
0. 49
n tn

0.04
2.97 2.95i 2.97 2.e4i 2.96i 2.est 2.e8! i.00! 2.9ii 2.9S

iSpeclnen i

iNo. i

i!il^;r Iiut¡f L r I

qn

2-I

i. 02
t.97

IJU
¡^t| ¿-r

ST

2-9
SCi
2-9 i

SC iSC
2-9 i 2-l1-0

sc is8
2-9 ! 2-9

0i
03
94

¡ JU. YJ
ì

t-
¡tr (?

i o.¿p
i I lt

! JU. bJ

AI
It
Fe

? n4i I

3.01i
J.0r !

1.97 i

-i
o.o3i
2.00i
t.9ói
0 ]7i
n n¿i-'-'ì
0.03i

iii;iiii¡i!!rii::i::
r00.s ; 100. I i er. 7i i 100. i i 100. I i 101. 0 i 100. I i 100. s i 100. 7 j 99. lrs i

:

3.0r i

i.0i i

r.9t i-¡
o.o2i
2.00 i

t.?0i
l.0i i

0.0J i

0.04i
i.00 i

3.01 i i.û2
3.0r; J.02
1.96 ¡ I .9i

-i

0.02i 0.0i
2.00i 2.00

2.û0i 1.96i

- : 0.04i
2.00i 2.00¡
l.-q4i t.8ii
I .0u ¡ 1.05 i

o.o4i 0.oii
0.03¡ 0.04¡
i. ûl i 2.'19 i

0. ûJ
2. 00
I .96
0.87
0.0È
û. 06
2.97 i. 00

2.00i 2.00
1.90¡ r.18
1.04¡ r.0i
0.04i 0.04
0.0Ji 0.0i
J.0r i 2.98

t number of ions on the basis 0f 12 (0,ûH)
- not detected

i!¡iiiii!i:i
i JB. 0r i i8. s4 i J8. 42 i JB. ss i 38. i2 i 3S. 20 i iS. 20 i 3S. Ð2 i ie. 3i ; J9. 24 i ;A. aS :

i-i-i-i-i-i-i-i-i-¡ ¡-l
i 2t. l8 i 21. Jt i 21. 29 i 21. t3 i 21. 4i i 21. 0i i 2t. t0 ! 2l .73i21.79 i21. È3 i 21. 7r i

i l.lqi l.qgi !.e{i !.q!i s.i0¡ 4.14i ¿.2¡i e.zzi-s.z¿i-e.0aii.tli
i 0.44i û.47i 0.42i 0.s0¡ 0.s0i 0.4ii 0.ssi 0.e0i 0.Ési 0.64i 0.6ei
i I q¿; I Ìîi I l¡i I qfll n Êti r 711 i ( rl¡ r nn¡ I nq! I rr: I r¡!

l.lqi l.qgi t.etl t.qti s.i0i 4.14i 4.2si t.22i 8./ói 8.04i 7.6ri
0.44i û.47i 0.42i 0.s0¡ 0.s0i 0.4ii 0.ssi 0.e0i 0.Ési 0.64i 0.6ei

_l.tli_l.li¡_l.14i i.s8l 0.12i i.78i s.ili 1.00i l.0si l.l4i r.l4i
is.5e i34.77 iJ4.7d iis.4óiJ4.26 i3s.09 i32.00 ¡2.q. sl izg .zsiso.46 i30. ss ¡-i-i i-i-i-i-i-i-i-¡-i..-i.-i-i-i;i¡riii
r0r.0 i r0t. I i 10t.2 | t0t. Ji l0l.s i 100. 7i 10t.2 i 10û.2 i 100.9i r0t. 4 i 100.ó¡
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unir$ i I I I j I i I i I i I ; I i I i 2

¡GÁRNEiS i

pet I ßen JL
No. i 2-9

siû2
ri 02
A 1203
l'lst)

Ca0

Hnù

Fe0
Na20

Ioia I

SC

2-9
SC

2-9
SC

J- l0
JL

J-10
JL
2-l

isc !sc ¡sr
i J-25a i J-25a i 3-29

i ¡p, ¿z i ¡e. ¡e i ¡p. ¡z i ¡e. ru i ¡g. zo i ¡y. r z i ¡r. rJi ¡plul¡;t;l;l:-"-'i'"'-' 'Lt i¿/'uuir/'aui¿u.t /i¿u.lLi

i ,--,¡ - i - i - i - i - i - i - i - i - i

i2\.7?i2!.U: i2l. ql i2l. J! i 2t.81i2r.42i21.47 izr. si i2t .87 i2t.,ls i

J.03 i

i.0ii
i.021
J.02 i

1.9/ i

-i

0.0Ji
2.00i
t.9t ;

0. :18 i

0.03i
0.05 !

2.97 i

-t
¡

2l.6bi
7.bJi
0.6Ji
I qnl

27.02!
-l

I
I

aa qq¡

i100.9

i 

-!. 
1! i 

-1 
: Qi i 

-B 
: si i 

-s 
: ¿¿ i 

-i 
: ii ¡ 

-i. 
tï ; 

-s:,iô 
i'B : 5s i's : ;ô i'B : i;

i q.q?i 0.44i 0.4¡5i 0.41i 0.4ói 0.44i 0.47i 0.s9i - i 0.ss
i 0.s2i 0.s7i 0.i4i 0.94i 0.42i 0.40i 0.47i 0.4ti 0.37i 0.e2
i29 .7 I i23. 63i29. 9Í, i 34. 40 i 28. 90 i 28. 32 i 29. 88 i i0. i4 ¡ 29. i2 i 30. 03li-ii-ii-i-riiiiiiiiiiii
i lol. z i pl. os i 100. e i 100. e i 100. J i ee. 66 ¡ ee. zs i lût. z i ry. qs i roo. o

JI
7.

AI
It
Fe

Fe

Hs

lJn

Si
Z

AI
|l
Fe

Fe

lls
lln
UO

tqt
¡.ozi ¡.osi ¡.0+l
3.02i J.0ii 3.04!
2.00i 1.97i 1.](,i

0.04
2.00
t.87
1.05
0. 0J
û_0J
2.98

0.04i 0.04i 0.04i û.04i 0.04i 0.04
2.s7i 2.98i i.o0! i.00i 2.rgi 2.9s

- i n.o¡i o.o+i
2.00i 2.00;2.00i
r.9i¡ r.92i 1.70i
l.0l i 0.94 ¡ t. l0 i

0.02i 0.0ói 0.10i- i 0.05i 0.0si
2.9Êi 2.97i 2.rïi

isc isc
iJ-29 i3-29

ien
i z-r¡

q0

J-4i
len
! i-i4

JI,

siù2
ri02
Al 203
HSr:l

Ca0

lln0
Fe0
Na20

l0[at

? nri ? n,r; ? nru.u*i J.uT! ù.ul J.0l í i.0t
3. 0i
1.9Ð

3.04i
i.04i
I .95

J.05
3. 05

i. 0J
i. ûi
1.115

i

0.02¡
2 nni
t.È4i
1.06i
0.05 i

0.04i
? qgi

0. 05

2.00
i.85
I .00
0.0ó
0. 05

2.'t6

0.01i
0.05i 0.0s
2.00i 2.00
I _751 1.79
0.8'j; 0.;l.c
0.l,i¡ 0.14

* nuober of ions on the basis 0f 12 (0,0H)
- not detected

!ii
3.02t i.03j J.02i
3.02i i.03t 3.02i
r.rzi l.pzi r.i¿i-:-i-i
0.0Ji 0.03i 0.04i
2.00i 2.00i 2.00i
t.7si t.7ti l.isi
r.16i t.l0i l.t2i
0.05 i 0.0'l i û.07 i

0.05i 0.0si 0.0si
2.9ei 2.9si 2.99i

-r48-
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GARNTIS

ispecioen i sc
iNo. i J-4i

qî
Á-,.Jl

!en ;eo
-¡ r i '¡-¡

JL
4-2b

si 02
iiù2
A I2OJ
Hso

ta0
Hn0

Fe0

lla20

IotaI

i Spec r oen
iNo.

¡i
iii¡

9e. 33 i 100. B I

i.03i J.03 J.0J! i.0r
i.03j J.0r

l. 1 i 2l .7 I i2t.77 i2I. 6t i2t.8e i21.si i 2t. 8i i 21. ÐB

z.!3i e.23i e.J7i e.J2; e.lsÍ .q.74i e.47i e.Ð2
2.0ói 0.ó0i 0.55i 0.51i 0.60;0.5si 0.s3i 0.s4?.qÉ¡ 0.¿0i o.5si o.5ii o.roi o.ssi o.s¡i ô.5+
2.27i 0.84i 0.49i l.15i t.17í 0..q0i 0.4s¡ 0.J02.27i 0.84i 0..t9i t.15i t.17í 0.-q0i

27 .32¡2a.8bi28. 80 i 28. 45 j 27 .e9iz9 _2zi
2.27i 0.84i 0.{9i l.15i t.17i 0..q0i 0.4s¡ 0.j0
7 .32¡2A .8bi28.80 i 28. 45 i 27. e8i28 _22i28 .70 j 28. 39
-i-i-i-¡-i-l-iiiiiii!iiiiti¡¡ii:l

I r00.6i 100. i i 100.2i 100.¿i 100.3 i 100.7

si *
'¿.

Âl
Ii
Fe

St rt

Z

Ai
Ii
Fe

i.031 i.0i
I .9i i 1..q6 i 1.96
-i-¡

0.03i 0.04i 0.04
2.û0i 2.00! 2.00
l.i6i t.Bti t.80
0.8Èi 1.05i 1.07
0.15i 0.05i 0.03
0.17i 0.0si 0.05
2.96i 2.96i 2.95

i.04i J.oJ! J.04i J.o2
J.04¡ 3.0ii J.04i i.02
r.9sí r.98i 1.94i l.9r
-i-i-i

o.osi o.ozi o.06¡ o.o2
2.00i 2.00i 2.00;2.00
1.77i 1.78i t.74i r.82
l.Orji 1.05i 1.11i 1.0Ë
0.0ti 0.0si 0.06i 0.û3

3.0J
inl

0.03i û.02
2.00i 2.oo
1.7Èi t.79rts

llg
iln
Ca

0.08i 0.08i 0.06i 0.û3
0.04j 0.0si 0.0s¡ 0.04
2.95i 2.96ì 2.96i 2.97

0.02i 0.021
0.05i 0.0di

SC

i 4--q i4-12

2.96i 2.tïi

3.02 1ôÌ!?nTi?nrv.uvi u.uu; u.u¡
i

? nl:
f nt r

t t,, i

i-i
n n¡i
2.00 i

t.ä4¡
I nq!

0.01¡
n nt;

i.0t

sc ¡srs-l i 5-r
cc

5-1

Unitf i i
si02
Ti02
Al 20i
Hso

Ca0
Hnú

Fe0
l'la20

Iota I

Fe

t|s
lln
Ld

0.0ii 0.02i 0.0ti 0.01;
0.0ii 0.0Ji 0.02i 0.02i
2.95i 2ii:'i 2.9ii 2]6i

0. 04
2.00
2. 00
0.93
0. 02
0.0i
3.02

3.02 i

I q7i-i
0.03¡
2.00i
l.u0i
l.r3i
0_02i
0.03i
2.rãì

* nunber of ions on the basis 0f 12 (0,0H)
- not detected

r.ori i.oli ¡.ozi ¡.ori
i.03 i i.0t i J.02 i i. ûl i
1.9ói t.9ii 1.95; t.19i- i- i- i - i

0.04i 0.0J; 0.05i 0.01 i

2.00i 2.00i 2.00i 2.00i
2.04:2.06i 2.0Ai t.79i
0.12i 0.84; 0.79i 1.t7i

-I49-
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iGAR¡ITIS ¡

Unr t ü

IotaI

iUnit fl

si02
Iiù2
Al 201
llg0
Cat)

Hn0

Fe0

|t|a20

Total

i.00i
3.00;
!.7rJi
-i

0.02 i

2.00i
r /ñi

1.2úi
0.0ii
0.0i i

cn

5-9

cni JL
5-9

si02
Iiû2
Al20i
Hso

8a0
lln0
Feú

Na20

Ai
tl
Fe

Fe

Hs

lln
Ud

r.8ói 1.75i
1.04i l.t9i
0.05i 0.02i
0.0ii 0.02i

¡

4Ioi
sc
-25i¡:ì(-1 (:

JI,
5-25

cn icn
5-16 i5-tó

2 grll ? qrli J.0t

cn; SCi
6-i ¡ É-3

,14Li¿

r.tsi t.l4i 0.9+i
0.01! 0.01i 0.00
0.03í 0.03i 0.03
2:9ei 2.991 2.)8

iti
3.01 i 2.99; 3.01 i
Ì nt¡ t qù; 1 nr¡e.ttí L.;/t ú.uti

2.û0i 2.02i 2.01i
-¡-i-r

i!l

0.00i 0.00i 0.00i
2.00i 2.02i 2.01i
r.79i l.sli 2.01i

i.04¡ i.04:
i.04i 3.0,1i
2.00i l.9rji
-i-i

0.00i 0.02i
2.00i 2.00i
2.37i 2.3'¿i
0.4'1i 0.4si
0.07i 0.07i
0.04;0.04i

77 c.t.!
:-;

2r .0È i
1 ¡li
n tni
I lni

Jó. 02 i

-i
i

99.58 i

J1

I
AÌ
IT
Fe

Y

i. 01
i.0l
2.00

i.0t i

l.0l i

t.e7 i

-i

0.oii
2.00i
l.öJi
r.14¡
0.ol i

0.0J i

i.0ti

3. 02
3. 02
1.99

0.01
2. 00
I .83
I .08
0. 02

J.UJJ
i.0J;
| ôtir.7(,i

0.02 i

2.00i
I ifriL.tai
r.09i
0.05i
û.04i
2.9ói

Ì nni J.03;
i.0i i

2.00i
I

0.00;
2.00!
2.4i i

0.4r:
0.0âi
0_04i
2.t6:

Fe

Hg

lln
l't

J.00
2.02

0.00
2.02
,) l¡)

0.7'ð
0 .03

0.04i
1 ù7:

0.0i i

2.9ó i

* nunber of ions on the basis 0f t2 (0,ùH)
- not detected

i¡p.¡¿i+o.zslj,..c8i40.tai¡g.+ui+o.szi¡yffij _ i _ i _ i _ i _ i _ i _ _r0iir.5ói40.26i40.r0i
i21.7 4i23.02i22.12i22.4sì22.t0i22.73i22.tZiZZ.ctiZZ.oz j zz. ss i zt. +s i

i e.79it0.82i l0.9ii il. l0i â.64 i 11.36i l0.0si 10.59i 9. l0i 10.64i il.it i

iq.qli q.{i q.!qi 0.3Ji 0.31i 0.2ei 0.rJi 0.3ói 0.iii 0.24i 0.i4i
i q.l?i q.??l q.?ti q.!8!,0.16i 0.tei 0.20i 0.iÉ¡ 0.70i 0.24i 0.4si
ize . t0 i27 .)0 i27 .sl i27 . 46 i30. 8i ; 2i. 40 i 2e. I 4 i 28. J7 i 29. 40i28. 17 i27 .?4i
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SC

6-4

qn

6-3
cinen I SC

ala
lvv

i spe SC

É-J
ù1,

6-j 0-¡{
sti
(,-4 i 6-4

Srrl2
Tio2
Al2ûi
Hst)

Ca0

tln0
Fe0
Na20

Tota I

si
7.

Ál
tl
Fe

Y

3.02i i.04
3.02i J.04

i. 03
J. UJ

1.99
nnl
0. 00
2.02
2.36
0.47
0.06
0. 04
2.9J

i. 00
3. 00

?n?

I qq!

0.421 0.42i 0.44i 0.43i 0.44i 0.48i 0.4si 0.4s
0.80í 0.98i t.0si 0.s4i 0.3si 0.i8i 0.39i 0.Je
4. 9s i 3s. s3 i 3s .2si34.09 i27 .99 i 28. 2J i 2S. 08 i Jt . 43-i-i-i-i-;-i-¡

iii¡iii

!ii
38.i4iJ9.itii9.s5;

-t-i-i
2t .79 i22 .04 i22 .22i
6.44i 9.83i 9.79!
0.44i 0.4/i 0.4ó:u.e+i u.T/; u.qo:
0.s0i 0.Jr ¡ 0.Jsi

32.i5i2S.19i2r1.06i
-:-:-i

3.0i
i. 0i
I 'qrl

3.02i i.02i 3.02i
3.02i 3.02i i.02i
2.00¡ r.9!i 2.00i

SC
7-Á

tjt
.!;i;:i
ii8. 7l I J8.68; 38.ó8 i J9. iÐi 38.ó2 ; i8.6ti
l-¡-i-i-¡-i-i- i- i- i- i- i - i

zt.6eizt ei i2t.sr izz.o+izr.l+ izt.iti
6.78i 7.73i ö.31i S.20i ó.7si 7.rri
0.sBi 0.sój 0.7ii 0.70i 0.6si 0.ó0i0.58i 0.5ój 0./ii 0.70i 0.65i 0.ó0i
0.ó2i 0.44i û_s9! 0.s7¡ 0.61 I 0.ó4i

i2. s0 i Jr.2s i 32.t0i30.23i32. 4i i i2. 0t i- ¡- i- i- j- i - i
!i:!!!

!iii¡:¡ti:4,
100. ? ! 100. i, i 100.5 i 100.9 i 101.0;100.7 ¡

Fe

llg
iln
8a

i SPec

iNo .

-i
n nr !u.ufi
, nni
| 71 |

l. t2
0.02
0. 04
2.95

tnen:

rt ü

cn

6-4

cr, eo

7-l
qn

7-1
sc isc ¡sc
7-4i7-4i7-4

qn

7-4

si02
Tiù2
AI2(]J
Hsú

Cat
l'ln 0

Fetl
Na20

l0taI

Sl
I

AI
ir
Fe

Y

Fe

Hg

}ln
ta

i.00j i.0lii nni ? nr;u.vui u.u¡:
? nl¡ I c']l
-:-i t!

0.00i 0.0ii
2.0ri 2.00i
2.11i 2.87i
0.iÐi 0.8ii
0.04i 0.04:
0.05i 0.05iñ ññ¡ ^ ^ñ¡

* nunber of ions on the basis of 12 (r),r)H)
- not detected

2.02i 1.9Ði 2.00
-i-i

0.00i 0.02i 0.û0
2.02i 2.00i 2.00
2.40i 2.i8i 2.30
0.4ii 0.4{i 0.6J
0.07i 0.0/i 0.04
0.04i 0.04i 0.04
2.94i 2..qJi 3.01
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HL

52

iunit $

siû2
Tiù2
AI2(]J
Hsû
Ca0

lln0
Fe0

Na20

Iotal

¡ ztnli 2(lr)i 2(rl)i ztnli zl¡rl 2(¡{) i 2(11)

zW i 2g) 2ft11: 2fi1

si
7.

AI
t.t
Fe

Y

Fe
llg
Hn

Ird

iNo .

ilL
52

tfL
C4JL

Sr02
riû2
Â120J
Hs{)

ta0
Hn0
Fe0

Ha20

JY. JJ

2t.94
9. 05
0.59
0.5ó

29.47

Spec i sen

i i8. ss

izt.sz
i 8.57
i U.OJ
!rnq
i29.56

i

iloo.¿i Total r01.1 i

z

AI
Ii
Fe

Y

Fe

lls
Hn

Ca

X

loo. s ! roo.y i lor. o i lor. o i loo. ¿ i ror. o i lor.o

* nunber of ions on the basis 0f 12 (t),rlH)
- nof detected

Mt : r{l

ss iss
Specimen i l|L
No. i 55

Ml ¡ ¡{l

çq ! ¡o
}|L
qq

¡'L
49

¡lL
52

2(¡r)¡ 2(H)

i¡p.l¿i¡a.¿a¡i
i2r.90i2t.s4
i 9.5r i 9. si
i l.0li 0.93
i 0.68i 0.68
i27 .34i27.62

i¡nri¡nri
! 3.02i i.01i
i r.99i t.9ii
!-i-i
: 0.0ti 0.0Ji
i , nni t nni

irr.rrirr.ori
;;; =; i qli i.ozi z.syi ¡.ooi s.ooi ¡.ooi ¡.ori z.rçi ¡.ooi

i ã:ooi ã:õoi
i 1.7si t.77.

-I52-
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ìcrlnu¡Rilrs j

iUnit $ i I

si (12

AI203
Hst)

Ca0
l|n0
Fe0

Na20

Iotal

si02
A1203
l|sû
Ca0
lln0
Fe0
Ha20

l0taI

qn

2-9
Sc;sc isc i
-10 ¡3-10 i3-25a:

i!en ;cn ivuirul
?-tn:?-ln i?v ¡u :J ¡u ;v

SCi
3-10 i

\l

AI

l'lg

Hn

Fe

Na

ri i;l
s.osi s.oo; s.04i s.oJ s.ozi s.or i s.or i s.o¡¡J.UZi J.UI i 5.UI J 5.UJi

i. 'li i J.'ri ¡ i. rs ¡ i. ,l4 
i

¡ 3 qli I g7i i q?i 1'ls
i8.9ói 8.97i B.'li5: B.98
i l.óói r.É2i 1.64; t.ó0
¡-i-i-i-

o.Js; û.4ti o.¡¡i o.qo
2.01i 2.03i 2.02i 2.00
n n¿ti n n¡l n n(i n n¡

i

/1 0rli q nt
4.û0i i.96
È OOI Ê OLì'J... i u./u
I Á'Ì¡ r Á,{

-i
:-i

n Ì7i n rÁg.v, i q'gU

t nni t nn

ilg

Hn

IE

5_04
3.97
9.01
1.4ü
0. 02

0.04¡ 0.04¡ 0.0s¡ 0.04i
0.04i 0.04i 0.05¡ 0.û4i

0.03t 0.û4i

0.43
2.00¡ 2.00i l.9ii

0.04i 0.04i 0.0s 0.0Ji 0.04
0.04 i

0.04i

* nunber of ions on the basis 0f lg (0,0H)
- not detected

i"iiliiiiiiij
i l.q?i ! qqi !.qii !.0qi s.û0i s.oei s.0ri s.00i s.0ri s.02i s.ori
i J.97t i.:r8i J.95i 3.?7i 3.96i i.94; 3.?ii i.97: 3.9Éi i.93i i.?ói
i r ??i ?:!i I:ri r ?li î:Íi ? ?qi î:e¡ ?:4i ?:7i e.äi ? ?tir.s4¡ r.ssi r.s4; r.6ri i.sii i.¿¡i i.i¿¡ i.i7i i.5¿i i.isi í åii

- i- i- i-:- i- i- i-;- i - i- j- ! o.ori - i - ¡ - i - i - i - i - ¡ - j - i

0.!qi 0.4si 0.,16t 0.40t 0.44i 0.40i 0.4si 0.4ói 0.47¡ 0.4si 0.3ii
l.9ei 2.0ri 2.00i 2.0Ji 2.0ii 2.0ii 2.01i 2.03i 2.0J;2.0J¡ 2.0Ji
0.03i 0.04i 0.03j 0_04! 0.06¡ 0.0s¡ 0.0si 0.04j 0.04i 0.0si o.o+i
0.03i 0.04i 0.03¡ 0.04:0.06i 0.0s¡ 0.0si 0.û4;0.û4i 0.0si 0.04i

å
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|)RDiTRiIIS i

Spec i pen q0

{- (riNo .

itr^i È B i tirioLiLìc

sit)2
Äl 20i
Hgt]

8a0
Hnt)

Fe0
l|a20

Iota l

s.01i s.03i
i qci '( aq¡ r Ð1 i

Ð q'li A qÁi F,rci
r.62i t.ó7i t.67i

2.00i 2.0Ji 2.02i
0.04i 0.04i 0.0ói
0.04i 0.04i 0.0ó

4-2b
SC
¡-0

ST
¡-o ¡-o I

SC

!?iJ

Si
AI

ti::¡¡
c nni c ôa!J.UUi J.U¿i
3.97i 3.tJ
8.9/i i1.95
l. sÐ i 1.6û-i
-l

0.44i 0.44
2_02i 2.t4
0.05i 0.0s
0.05i 0.0s

}lg

Ca
Mn

Fe

Ha

lfg
UC

Hn

Fe

pect 0en ist
i4-12

i

ç nni c no¿.UUì J.UL
i.19i i.96
B..c?i B.,tÐ
I qnl | (¡
¿.vv¡ ¡.ut

I

-i
n qn! n rcU,JUi U.TJ

2.00i 1.,19
nnqinn(U.UVi V.UU

0.0s¡ 0.0s

cn
,t -o

¡

J- 1b

iUnit *

taO i0.0ói i - 
¡

¡i:!
si02 i+¡.soi+a.yoi48.es;4e.li
A1203 iJ2.26iiJ. 1bi32.78i32.69
Hsu it0.4si 9.rJil0.09i t.99

I u.uuì i ¡llnlli-i-l-
't"Y ¡ t ¡ iFe() i 4.iii 5.79i s 23ir-e0 i4./i¡ 5.79i 5.23i 5.i4
lla20 i 0.29i 0.26i 0.23t 0.26

i;iÌ
Total i96.29i97 .94ipZ.ZUìçA.OS

Si
AI

i
i
!

q nci
r o¡!
t.rói
I Àl i

n nt i
:

-l
n nr i

2.0i i

0.0Éi
0.06 j

s.02 i'i or!

I qr¡

-i

-i
0.51 i
t n?i

0.05!
0.05 ¡

i

5 n2i
I qx;

r.00i

-i
-l

n il:
t.es¡
n nql

q nî :

Ì,lqiv.Jvi

l.öUÌ
-i
-i

n ¡r i

2.01i
0.05 i
n nqi

* nunber of ions on the basis 0f it (fl,0H)
- not detected
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JCI)RDTFRTTFS !

Unit *

si 02
Al 203
l|go
UdU

lln {l

Fe0
Na20

Iota l

Spec i CIen

llo.

;unit $ J

sc isc isr
Ç-?l: i (-1(r i Ç-?qÄúu; v úv

JL
ð-rs

,i'i
JIJ¡J

isPe
iNo.

Hs

Ud

lln
rH

5t
AI

Hq
lìr
Hn

Fe

etñon
JI,

5-3s
cnqn

-35¡J

Si
A1

l'|LHL

i(H)

HL

49

JI,
B-4

J¡,

8-2t

si 02
Al20i
Hst]
Catl
lln0
Fe0
Na20

iotal

iq nl ¡v. u¡ i'{ a*¡
8. :t9 i

I ç¡i
,

i-¡
:

n ¿lÉj
t nni

0.04
0. 04

t number of ions on the basis 0f lt (û,tlH)
- not detected

Ha

U-
Jtd

-156-

2.00i 1../9i
0.05i 0.û5i
0.0si û.0s¡
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ST iSC
l-7 tl-lÁ¡

sr isc
l-l4a i 2-l

;cn
2-l ¿-t

Unii I

si02
Ii02
A I2(]J
Hsl]

Ca t)

lln0
Fet)

i|a20
K20
F

H20 #

| 0[al

Js. 48 i Js. 04 i

0.6ei 0.6i¡
20.6r i20.85i
1t.25ilr.0Ji
0.09i 0.0ii- i 0.lii- ¡ tt I \

20.44i20.39
0.49i 0.51
8.9Ji 8.82

4.05i 4.03
-l

j

¡ r02.4 i r0l _i 102.0 | 101.5

AI
iÍ
tfg

lln
Fe

ta
Na

K

t nunber of ions on the basis 0f 24 (0,tìH,F)
f, deiernined by stoichionetry
- not detected

*i s.zui s.z¿i s.zsi s.zzi s.rzi s.¡zi s.¡si,.,,i s.¡si s.szi s.¡ri
i 2.72i 2.74i 2.7si 2.78i 2.83t 2.6ij 2.És¡ 2.71i 2.67i 2.6Si 2.óe¡i 2./¿i 2./4i 2./si,2./Bi 2.83t 2.6i¡ 2.É5i 2.71:2.67ì 2.68i 2.ó9i

i r.00i 8.00i 8.00i s.00i 8.00i 8.00i s.00i rl.00i 8.00i 8.00¡ 8.00i

i 0.li 0.87i 0.85i 0.'ð8i 0.77ì 0.41; 0.41; 0.i5i 0.44i 0.4ii 0.i9ij0.lli û.09i 0.0rli B.0ti 0.0$i 0.28¡ 0.28i 0.3S¡ 0.i0; 0.i,li o.¡¿¡i 2.4si 2.s0i 2.4r; 2.4s:2.60i i.44; i.4âi 3.16i j.2î¡ i.16i j.0rri
i - I - i - ; nnr¡ nnti - ¡ - i - ¡ - i - i - i

iz.ssi 2.sdi 2.sii ã:5¡i ã:4ä¡ r./0i r.6si l.li l.sri t.t¿i r.rsir.rri z.r+i z.)ri;1.54i ¿.s¿i I./Ui 1.ó5i I.tti l.8li l.ÐÈi 1.95j

s.e2i ó.00i s.e4i s.eii s.au! s.t¡l s.azi s.¿oi s.aqi s.zçi s.ao!

i ioo,io.orio.oti-jo.o,io.o,i i i i0.lii 0.14i 0.14i 0.tsi 0.lJi 0.1âi 0.ti¡ 0.14¡ 0.1ói 0.17! 0.tsi
r.6Ði r.6li 1.ó9i 1.68i 1.7Éi r.57i 1.45i r.55i 1.53i t.óji i.5?i

ii!iiii
s.92i ó.00i s.94i s.9i! s.18! s.ÊJi s.s2¡

o.,r0i o.¿oi 0.7Èi 0.rjri o.s¿i 0.s4i 0.4s;
4.02i 4.21i 4.1ói 4.ri: 4.20i 4.24i 4.1ûi

-0. l9 i -0.25 i -û. i3 i -0.2ó i -0.24 i -0.23 i -0.1'l i

101. 2 i 102. 7 i 100., i 102. 6 i t0z. y i lo+. + ; lo¡. r i

¡+. r¿ i ¡2. ¿+ i ¡7. l4 i J6. 6l i ¡2. +o i ¡2.¿o i sz. olt.isi 2.64i 2.s9! 3.s}i 2.76! j.rÐ; j.53
20. 4e i 18. 07 i 18.03 i 18. 03 i ls. 50 i rs. s4 i ts. 22
11.67 il6.l8i lú.21 i 14. i5il5.4s¡ r¿.rçi l¿ ¿l
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;ölulItt5

Spec
No.

t0en i

-00 i
sri

l-?(r i Ì
qr,

0i
qn icn
c-q ir-tn

i:qn ico laojuuiJv

2-9!2-9ì2-ù
sr isr i?-g i t-q i

Unit $

i sioz

1i

ri02
AI2OJ
Hso

Ca0

lln0
Fe0
Na20

l{20
F

H20 *
II-L

i,l.lli,l lgirz.esiri.e2ir? ?l iig lq:
i 

-¡. 
ss i 

-ã. 
06 i 

- r'¡ii i'.;Ði i'.itiii.ä i

i17 .6e it7 .3e i17 . 40it7. l0 ; 16. e4 i 16. st illÅ qnltT lnitT n'(irÁ rr¡to ot iro n¿i

rr.Joi ¿.uëi ¿.J¿i ¿.ïiji I.'1 t: I.S/l
i17 .6e it7 .3e i17 . 40it7. l0 ; 16. e4 i 16. st i

ir4.s0i 17.48i ti.0Ji 16.r4 i 19.21 i ra.0¿;.soi iz.+ei i7.oii i¿.ii i îi.åi ¡ ia.oåi- í- i i- i - ¡-:-¡-l-i-¡-i-i

Iotal

o. ir i 
-0.¿ii -o:rËi'o:5i

7 h7i it'iq; n rri z n¡

i - ; o.ri¡ o.-tti o.ii¡ õ.iul ¡:
i ,r.tJi 4.lti 4.17i 4.17i 4.24; 4.

i,0,., i,0,., i,oo., i,0,. u i roo. u i roo. s i

AI
Ti
}lg

Hn

Fe

UC

Na

t(

* nunber of ions on ihe basis 0f 24 (0,t]H,F)
f, deternined by stoichionetry
- not detected

iiiiii
i t.Ði s.ie; s.42! s.iri s.s0;
i 2.4si 2.61ì 2.s8i 2.62i 2.s0!

i u.ooi Ð.ooi s.ooi u.ooj u.ooijiijil
i o.s¡j o.Je¡ 0.4Ð; o.+li o.s¿i
i 0.08i 0.29:0.22i 0.2si 0.2Èi

!.iyj 5.qúi s.4r,i s.4s¡ s.s5i s.55i
2.dri 2.54i 2.54i 2.5si 2.45i 2..|s;

i¡i:ii
Ð.00i r.00i Ð.00i 8.00i a.ooi ¡.oojiiii¡i
0.42i 0.40i o.4t; o.3si 0.j7¡ o.jei"o.rii 

o.i2: ö:iËi õ:räi o:ãoi ö.i¿i
J.l4: i.iJi i.65i i.4ói 4.0si 3.ú6i
-i-í-i-t-;-;

r.sii l.sl¡ r.søi l.¿+i r.zoi r.¿oiiiiiii
s.80i 5.ù6¡ 5.87: s.77ì s.û2¡ 6.ûl!jtii:i

-ì:iii:i:i¡ii-i-i-i-¡-i-i
q lq¡ q.l?i 0.20¡ 0.rei 0.r0i 0.10i
l.ó5: 1.52i l.4t i 1.54i I .47i r.2,ùi

iìiiii
1.83¡ l.7Ii 1.61i r 73i I .57i I i?i

0.08i 0.29i 0.22i 0.2si 0.2È
i.89i i.28; J.,1ei i.34¡ i.34
-i-i-:ri¡r

l.4ei 1.83i t.6ii l.s2i 1.4,iiii
s.9e! s.79¡ s.sói s.âsi s.6i"^'^'^ru"i"'""i''"i
u.U¿i - i - Ì - i

o.l3¡ o. rli 0.22i O.Di O.rZr.i/i l.óli t.s2i r.60i 1.6û
iiìi

r.s2i 1.80i l./4i t.79i t.77
iii!

-1s9-



isprcineni sc i st ! rt
il.|o. i3-54ai3-54ai 4-2b

si ú2

Iiù2
Ai2OJ
l,|st)

Ca0
lln0
Fe0

lla20
l(20
r
Hzt) *
rì-E

8 I(]Ti TES

Total

¡an icrl: vu i uu
4-2bi 4-2b

isc isc i

i 5-, ;s-r2 ¡

icniuu
i q-q

SC ìST
s-t ! 5-t

;:gi i:3Íi ;:t3i !:Í3i ;:lli ;:eli ;:l;i ¡:ni i:iii i:iii t:iii
s.ooi s.ooi a.ooi a.ooi r.ooi ¿.ooi s.ooj ¿.oo¡ n.ooi u.ooi,r.ooj

i 5.48

AI
Ii
llg
Hn

Fe

Ca

Na

t(

!,iii l,iïi i,iåi Liii i,iii l,íii l,:åi i,iii l,ãij i,iåi i,iii
r.zsi r.rsi r.zçi l.zsit.o,i t.roi l.rai r.sri r.+s¡,.rri,.o,i
5.7ti s.7úi s.p+i ¿.oo! s.g¡i s.sli s.s¿i .s rni .s n¡i s rrri q nris.ri s.7(,i r.rni ,.ooi r.rri r.*i ,.rri ,.roi ,.rri ,.rri ,.r,i

q ui q *i n 

'ni 
l:fii o,,i o,,i 3:1li o,,i I'l¿i o,,i o,,i

r.48; r.s4i l.4ei l.Jsi r.++i l.s0ì l.4Ji l.sli r.+ll i.5¡¡ i.¡ii
l.¿¡i l.¿ei l.spi t.+ti t sli l.,sai l.¿oi i.¿zi l.¿.ti r.¿yi i.¿¡i

II

s.ni s.7ti s.p+i ¿.oo: s.ç¡i
i,:ii!iiii- i - i - i n nli - ¡

* number of ions on the basis of 24 (0,0H,F)
# deterr¿ined by stoichionetry- not detecied

i li : ií i lä ii i li : i3 i li : ii i 1iLii', i;i'i: rt i'! : !Í i,? : ;å i,i 3t ;,i : åI i

i I z. ql 
i 17 .20i t7 .e7 i 17 .e0! 17 . 40 ir7 .20 i t7 . 60 i 17 .7 s : 12. ¡o i lz. ¡7 ; lã. oo i

i t8 -77 il8. 88 | 19. 32 i 20. 26 i lB. 4s i 17 .34 I t7 . 40il¡. os i lr. zl i l¡. ¿¡ ! iz. so ii - i i io.l6i i - io.oói - io.os¡ - ¡ ii-i-i-i-i-i-i-i-l-¡-i-l
i'l:ií i'[:!i i'[ ]i i't 3!i'ô:ii i'¡ Ë3i'ü:åT 

j'Ë:ì¡i'3:Íîi'å:ÍËi'å:iíi

i ?:î3i i:Í3i 3:;3i i:iå; 3:3äi B:Í3i í:i3i 8 i3i i Sii [l:;Bi li:åíi

I å'åii å'åsi i,rri i,äii i,iíi i'i¿i å'äii i,íii å,iii l,:ii i,ií;
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isiouigs i

SC

5- l6
ùL

5-21 a

iJL
i S-Zl a

Unit $

si 02

Ii iJ2

Á12ù3
l'lgû
Ca0

lJn0

Fe0
Na20

K2t)

F

||2ù *
0=F

4.0s i-¡
ì

102.2i| 0tal

i¡s. z+ i¡y.¡z i¡a.uz ise. g¿ i¡s.¿s
i r.6ii 3.18i l.8ti 2.43i 2.2,)

i J7. J/ ! JO.ö¿ i Jü.7C I Jö.öJ
i 3.18i t.'¿ti 2.43i 2.2,)
i 16. s8 i r i.21 ¡ 16.61 i ló. si

¡ o.soi o.eoi o.srj o./oi t.ûr
i 4.24i 4.J0i 4.24i 4.21i 4.22
i -0.21 i-0.J8 i -0.ii | -0.29i -0. 43

4.24i 4.J0i 4.24i
0.2r i-o.isi-0.iii

8.81i 8.43! 8.i7
0.89j 0.70i r.ût

4.i0i 4.iÐi 4.23i 4.1ó;4.0Si
-0.ió i -0.21 i -0.29 i -0.i3t -0.20 i

iii¡
99. l0ir0l.5i t0i.0¡ 101.Ëi 100.4

Si
AI

¡¡iiiiii:
!.1?i !.lei s.ssi s.szi s.t(,i s.t7i s.¡ri s.¡oi s.zs j s.zz
2.sri 2.sri 2 4s! z.4Ei z.zri 2.sJi 2.64j z.io¡ i.iii i.jt
8.00i 8.00i 8.00i s.00i 8.00i rl.00i Ð.00¡ s.00i |].00i r.00

0.22i 0.36i o.¡¿i o.sn' o.¿ai n.tri n ¡o¡ n tri n ¡;¿i n ¡:*

Ca

Na

t(

A]
lt
Hg

Hn

Fe

l,ííi i,iÍi !,iii i,åii !,iii !,ili i,iii l,í¡i l,çii i,iii

:r::i :r::i :r::i ::::i tr::i :r::i tr::i :r::i trtri'r"i

n t?iu.¿ui
¡.vui

I

l. /J !

:
I

,.oti t.rri r.¡pi r.¡ei r.+¿i r.¿si r.r,i ,.rri ,.rrj ,.rri
s.zsi s.usi s.aoi s.aoi ¿.rzi s.¡si s.lli s.zJi s.iei s.eJi

o.oti i- io.oli - i- i i innrj i

?:åii ?:i9i ?:lii ?:ååi o u-i ?:å?i ?:3ii i:åii i:i:i l:¿ll

( tn.J.9t
2.52

8. 00

0. 45
0.t7
J. d6

r. ¡l
C rì?
J-Ot

!1 14t | /ñ!.t¿i !.o7

* number of ions on the basis of 24 (0,uH,F)
f, deteroined by stoichionetry- not detected
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fnTITFc r

specioenj sc i rc i sc i sc i sc}{o. j 6-3 i 6-Ji6-j ¡¿-+ ie-c

iunir r i z

sÍ02
Ii r)2

Al 203
Hso

UOU

Hn0

Fe0
Na2û
l(20
F

H20 $
il-L

il?.lll?9.1¡i?q.qlilð.!qjre.rÉire.70irs.a¡iry.rrsiri.z¿izõ.0Èieõ.õ¡i

i, i,ii i, 
","" 

i,.-.. i, . 
-]" i,,-:, i,,-". i'n -',' iln -" i] -1 i..-"l i l -l1 

i
i'-"i : ; : i t,,ir,.,,i,,.r,i,,.,,i,,.,ri,0.,,i,,.0ri,0.,,,

i'i.ili'l.iii'i,ifil'i'eli I'r; $ åïi s:3i; B ùBi B:Íei B:iii s:iåi
iu,.1li.-",i .-^-i q iqi g 1: 0.11. 0.42i 0.ó2! _ ; 0.+¡; o.ssi

J6.r0iJ6.00
2.00i 0.48

r9.13¡20.i5

i 
t:-:q 

i 
rq.sri rr.¡o 

i 
tt.lti tr. u i u.tti r¿. s¿ i *. rvi r+. rr i u.or i to.,r,

i i:iôi 3:13i 3:i;i 3:31; 9:Ííi $ åïi 9:3ii 3 ù3i B:Í9i B:iii g:iåi

i u.4/i - i - i 0.ó0i 0.51i 0.44i 0.47:0.tzi - ; 0.+¡i o.ssi

i å:åÉin:o'¡n,o'i-å:åii-å:åii å:lii å:åii å:ååin-'ui å:iBi å:åT;

i crl

i t-t iqc isc isc isc isc i

í 7-4 ! 7-4 i7-r0 iz-lo iz-ro i

:¡
Iotal ilor.lirol.l i.^. _i ."^'^'u-lu'"i .."i 

u'¿u!-u'¿oi 
i-''I7i-u'¿ri

i r0l. J ! r02. si t0l. 4 ¡ 102. 4 j 102.¡ I lor.o i rol.o ; roz.e i roz. s i

Si
AI

AI
ii
tÍg

Hn

Fe

UO

Na

|(

¿.ooi s.ooi s.ooi ¿.ooi ¡ ooi s.ooi e.ooi u.ooi s.ooi u.ooj rr.ooi

iiii Hlti fffi llii ffii Iili I?ti Ii:i rri; rrri rrli
3:î3i !:åii !:3i; 3:åii 3:åÍi !:iii 3:å;i 3:iii 3:îíi 3.il¡ 3:fríi

,.ori r.rrj r.rri r.tri,.rri r.,ri r.o,i,.rui r.ari r.sri r.z¿i

s.n¿i s.r+i s.pzi s.y+i s.çzi s.u+i s.¡çi s.yri s.m! s.cli s.z¿i

3:låj o.ui o.,oi o.,ri 0.,,i o.o,i o ori o.o*i o o,i o ,,i n-nnj
o.ozi - i - i - i - i - i i - i ¡ - i - i

i:i3i ?:å3i ?:åÍi ?:iJi î:3li ?:9íi ?:91j î:!åi ?:ffi î:åij i:tl;
t.óJi l.t7i I.(,6i r.69i r.sei l.¡¡i r.roi t.z+¡ t.¿¡i t.lli t.'¿ti

t nunber of ions on the basis 0f 24 {0,0H,F)
fi deternined by stoichiooetry- not detected
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Si0IiTts i

Spec inen
llo.

t{t
,]J

IJL

93

MI}JLsr isc
t-7 i 8-7

si02
Ti {)2
Ai 2OJ

Hso

Ca0
llnû
Fe0

Na20

K2û
r

H20 *
0=F

Iotal
:t|:

ci *i c in¡

3(H) i j(H) J(¡r)i 3{H)i
i¡!ii

37 .14 :38.1ú i J8.,15 i 37. 4J i 38. 59 i| . t1 iJa. ru:uu.TJ: J/ .T\ri Jo. J7 :

f nô! t 1?! r t'ì¡ i ?r ¡{.u4i 4.li! l.rui l.il;1.1û;1.u¿i l.lJ! J..tü: l.JIi .t..t'J-
16.ó3 i 17.8s i li.Ð0i ls.2J j 17. iJ
16.97 il7.00il7.l5ir7 Ési t7 ts
1ô.6J ili.ö5 il / .|iUil'ð.2Ji17 ./3i
16.97 it7 .00iIl. t5 i 1/.6s i ii. ts ¡_;-;:,^,.,- i - i - i - : o.ls;

-i-i-;-!-l
iii.rs¡
i 0.rs;

r1 gqirl l?iri !iirt ?g¡rt I?i
; 

-o.2ii'õ 
iöi'o:iei'ö:;i i0.r7i 0.zri o.s0i 0.19i 0.41ì

'1.19: 9.08i 8.96i /.ir¡ a.s0:

-0.22

'l.re: 9.08i 8.96i /.ir! Ê.s0:
o.s2i 0.58; o.isi s.47¡ 0.4/i
!.0?i 4.17i 4.rei 4.i/i ,r.lei
0.22i -0.24 i -0. ts i-0.2û i -0. 20 i

i;ii¡

i ¡ ' ,ui r ¡qi , ,ai s.s+i s.¿pi s.sr i s.,pi ,.szjii -i 
i:ì!i l:iii !:rr, 2.70i 2.rrsi2.4ói 2.sri 2.4ei z.tti z.n'i

c j 8.00i a.o0; a.o0i a.0oi ¡.oot a.ooi s.ooi ¡.ooi a.ooi u.ooi

ii i ü,iíi !,ãsi l,iii å,ii¡ l,Íåi i,ÍÍi iiåi i,iii i,fii l,iii
Fe ¡ r.+s; l.4ei 2.2si z.tzi z.oti l.soi l.¿li l.¿zi r.ozi l.¿oi

; s aei s eJi s rii s.zri s.zsi s.asi s.aei s.rzi ¿.oai s.roi

ca i ¡ i;;;i ;,;i ;,;i 
"-""j ".""i "."i "-""i 

,',,i
ru 

i ::ii Tiii Tiii i:ii i::i ii:¡ i:ri i:ii :iii i:ilii i.__i .._i .__i ._i ,i i i i ¡ ii A : r.77i l.ói; l.sJi l.iói r.7ti r.u0i r.zsi t.tzi t.¿zj r.¿ui
iiiiii;iii

* nunber.of ions on the basis 0f 24 (0,0H,F)
# deternined by stoichionetry
- not detected

i¡s.oz isz. z¡i¡¡. y+ i¡¿.soi¡o.s¡ i

i i.37; l.ð4i J.4rii ¡.e¡; ¡.+si
it7 .26iv .79ir8.80 i 18. rz i ls. ry i

ili.ssi r¿.ll ¡rz.oeil¡.+si r¡.+zì
I i it.2sjo.osi0.o¿;i-i-¡-i-i-i
i lz.opile. +a; l¡.u i lz.+s! l¿.so
i o.el i o.ssi o.zs¡ o.sei o.:l
i 8.42i 8.09! ó.5ii 8.65i S.7J
; o.sii o.roi o.,roi o.s+i o.sp
i t.zri +.zo¡ t.lzi +.1¡i +.rz
i -0 .22 i -0. J4 i -0. 20 i -0 .23 i -0.2s
ii¡i¡
i roz. s i lor. ¡ i ya. ¡r i roz. s i lol. s
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HLÙRITES

iSpecieen; SC

I

!qn
!ö-llt-4

isr isc
ie-rÈ ¡!.1-tt:u èe :e 4s

iunit p i ¡ zia
JIJ

si02
Ii02
A 1203
llsû
Caû

|,|ntl

Fe0

Na20

t(20

H20 $

| 0[al

irr.,rirr.,rirr.r,
i 0.0/i 0.09i 0.tJi v.ur i u.v/ì u.!¿
i23.tsi2t .'1ri23.2Ð
i2r.9l i21.30i23.44
r-t-¡-iiii- i-:-
il8.7t iL9.22it6.s4| - i n lnii - ¡ o.loi - 

i;-t-;-i
ire.zrir2.2sit2.ioi
jloz.ziroi.litol.ei

Si
AI 2.8ój ?.48i 2.ËÐi

q qri c lrtw.uL¡ ú.¡4i

AI
ïi
llg

lln
Fe

Ha

t(

iz. oo i rz. oo i,z. oo i rr. oo i,r. ro i,r. oo 
j 
u. oo i rr. oo !

* nunber of ions on the basis of 20 caiionsf deternined by stoichionetry
- not detected
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'ilúr.ttr

ii
ii

ii.r9!i6.s2;Ji.ûJ
6û. 25 i 58. 91 i 59. 4t

- i n I'i
0.34i 0.4ój 0.32
- | n î?ii u.4ù i-¡-¡!i

iIt!
¡i

97 .7øi96.2ei96.76

q0 ;cn
l-l4a i l-14

SC JSC
l-y tJ-lu

j

i¡a;^^

Íl-ln i'(-1n
cn¡
2-e i

Unit $

si02
AI 2OJ
lJgo
Fe20J
Zn0

Kzt

Io ial

Si
ñ
D

AI
llg
FCJ+

ln
t(

i ¡2. ¡¡ í ¡2. o+
i59.ió;5i.02
i o.t¿i o.l¿
i o.0rj o.u
!-i-
i 0.r0i 0.3J

07 ¡l

J6.97lii.l5
ó0.40 i 59. i7

- ; n t1
i v.¡e

0.29i 0.J8
-i

¡-l
i

97 .66i97 .43

37 .02i37 .48
qg q* iqq ,lcv¡.tviv...L

-i
ntq¡noçt,1Ji u-L¿

i
-i

-i

i

ii¡iiiiiiij
l.qgi I ql¡ l.qii r.q¡j r.oij r.o¡i r.osi r 0ri r.o¿i r.ozi i o¡i
r.04i r.0s;1.02¡ l.0Ji l.0Ji t.0ii l.0Ji t.0ji 1.04i l.ozi i.o¡i

:iiisc isc isc
i s-i i s-l is-is

qn iqn
,{-Ð i t-rl1/ iï/

SC iSC i

3-54a i J-54a i

SC

5-l
cn ie¡

r aF ar -.
U ÚU iü JJ

si02
AI2()J
l'lstJ

Fe203
Zn0
K20

37 .36i37 .12
59. i6 i 59. 47
0.08i
0.27 i Ð.20

-i

97 .47 ì'16.79 7 / .Jþ

-i
:ntiln,q

i7 ?qi
Án Èni

:

n'(ri
!-i

ri'(7 t?;17 niiet.L!irt.vui

60. ótl i¿0 . ó0 i
-i

n ?tl n ?r!u.Jt: U.Jl i

-l-i
-:-i

¡:
l:

Iotal 98. 4J i 98.27 i 9t. 9t

i

r nci
I n4!L.ULi

r nri

-i
n nt;
U. UT i

-a
I

| f,n!r.70 |

ST

B

AI
llg
r tsJT

Zn

t(

A

i

I n'(:
t nii

i

i

n nl:
-i

-I

l.7b i
I

I

t.03i
I.UJi

I
I 'lq;
-i

n nl l

-i

-i

I .:rb i

I

I

i.0J i
I nli¡.vui

I Oq:

0.01 i

n nll
I

-a
| 97¡

t nunber of ions on the basis o¡ 5 (tr,ûH)
- not deiected

i37 .r2
i 59. 49
i 0.2i
i 0.41
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Specinen i SC

Ho. is-67
sti cn

7-10
JI,

'¿-17
iSC
¡tl-2t

JL
8-l/

¡an
i?-tn

q¡

8-7

SIL i7 ?i?

Iota l

Siû2
A1203
Hst]

Fe203
Zn0
l(2ù

0.4J
0. 48

0. 0Ð

95.26

1.09
1.09

laq
û.02
0.01

0. 00
tñnt.oo

I

ïÁ ,]t i'(7 tÌ
6t.47 i61 .02

-i
n ,(¡ n lae.Lei v.L,

-l
L

.q/. 6J i 98. 44

AI
fl-q

FeJ+
Zn

|(

r no!r.u¿i
I nî !

!

| 9li
-i

n nnl
-i

-¡
I q7:

lr-;¡ [ I u/ulluilLL Ë i J\n/;

siü2
Ai 2û3
Hsû

Fe2ti3
Zn!l
|(2û

toia I

u

rl
HI

Hg

FeJ+
ln
l{

A

* nunber of ions on the basis 0f 5 (0,0H)
- not detected
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iSIAURûLirrs i

eciln
iNo

Si
AI

AI
Iì

ilJL
i0r

tfL

01

HL

0l
HL

0t

Cn iCn
ç-a ¡c-rt

ii!en !
iJU i
¡ q-îq !

Unit $

Si02
riû2
AIz{)J
Hso

Hn0

Fe0

Zn0

lla20

Iota I

Unit *

si02
Tiû2
Al20i
Hso

Hnú

Fe0

Zn0
Na2{)

Iota i

l|g
lln
IH
Zn

ST

AI
c

AI
tì

Hg

lln
F^re
Zn

I (,¡i I E?iI . J+: f . JJ !

2.28

HL

49

}|L iHL
37 :37

HL iHL
01 i0rt

HL

0l
HL

0l

,,i s.tzi i.82i J.zsi ¡.zsi
i 0.28i 0.tãi 0.22i 0.2si
i 4.00i 4.00i 4.00;4.00i
i 8.51i 8.46! 8.4Ð; t.ós¡
i 0.0i i 0.07i 0.0ii 0.lt;0.0i i 0.07i 0.0ii 0.ili

8.58i 8.5ii ú.5si Ê.iói
0.69¡ 0.74¡ 0.70i 0.40i
o.0r i 0.ot i o.02¡ o.0t i

r.sJi t.s2;1.s4i 1.39i r.33- i - i - i 0.14i
2.23i 2.27i 2.?ti 1.94i 2.04

* nunber of ions on the basis of 2J oxygens- noi detected

q.?7i 0.23i 0.tii 0.lei 0.|ii 0.2?i 0.22i 0.24i 0.23! 8.22i 0.22:
t.q0i {.0qi 4.00:4.00i 4.00i,r.00i 4.00i 4.00i 4.00i 4.00! 4.00i
r.sói 8.ót:8.sii 8.4/j 8..18i ü.4ói S.{s; s.4/i s.48i 8.44¡ S.47i
0.r2i 0.0ei 0.10i 0.0ii 0.ûii 0.07i 0.ûi¡ 0.06i 0.02i 0.0rli 0.0û¡
q.Éqi q.zqi 8.63i B.s4i 8.ssi r.s3i r.s2i 6.sJi s.ss; rl.s2i 8.ss;
t.77t 0.t1! 0.úili 0.ó8i 0.69i 0.72i 0.72i 0.i3i 0.iJi 0.73i 0.7ri- i - i - i 0.0ri 0.0ti 0.01i 0.01i 0.01i 0.01i 0.01i o.ollI l4i I lâl | ¿li I 5¿i I q1i r qq; I qÁi r q¿! r c¡i r c¡i r cri
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iHIRTY¡IITE SPINTLS!

Si Ú2

Ti02
Al 203
tr2t)J
v20i
Hst]

Hnû
Fe0

Znt)

l0taI

MI

t5

Hg

Hn

Fe

Zn

f number of ions on ihe basis of 4 oxygens- noi detected

i 0.,,i o rsi o rsi-t-i-
is8.48is9.l1 is9.tr

i o.¿zi i.tti o-.t¿

ii:¡ii
0.01 i 0.0r i o.ol i

¡!iiiii 0.01i ii 1.93: 1.98;
o.orio.orio.o,io.o,i io.o,i - i

1.97i r.]'ei t.e7i t.e6¡ r.97i 1.93i 1.98i- i- i0.00; i i- i i

r.r/i t.rei r.97i 1.96i 1.97i 1.93i 1.98i- i- i0.00; - ! i- i i

0.0ri 0.01! 0.0ûi 0.00i 0.00i 0.00i 0.00i

i - i - i - i0.00i0.00i - 
i, __i - I i i i i ; i

1.99i 2.00i t.98i t.9ii l.!/¡ t.14; t.,tâi 1.9ú;

0.zzi 0.22i n.zsi 0.J0; 0.26i o.z¡i o.z¡j o.¡+i- i - i - i0.00j - i0.00i - tÛ.oot
0.si¡ 0.s4i 0.75i 0.74i 0./si 0.s4i 0.80i 0.71¡
0.zsi 0.24i 0.0t¡ 0.01i 0.00; 0.ûl; - ¡ o.oli

iiiiilii
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riû2
A]2ÛJ
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Fe0
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þl . tu iJ). JiJ
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-i-:-:It¡
s8.'fJis8.74is8.i2i

-i-i-i ¡ti
-;-i-jati

/.38i 7.óri 8.53i
0.01i 0.0r1: 0.0ti

10 ,lÈ ¡ 1,1 ¡O i Orr o¡ i
L/.lUit/.1!:LtJ./.'l

? rtli , rz! c lc!
i:i¡ii

9E .7 1ie8 .67 i98 .47 iiil

:iti
- i 0.0ri
-i-i ¡¡

5t. t2 i s8. 64 ¡

-i-i
n 4ôt n lciU.¿Ui U.fJì
¿ ,rîi c qzi

0.ili 0.0ti 0.0âi 0.il;
it .,li i34.4! ii0.?Ê;31.0J¡

0.rói 0.2ói 0.iii 0.45i

Iotal lnn q ¡'tÊ ,ln i

1 .96

I ..qÉ

ljs
Hn

Fe

ln

1.04

i
I rf C i
l. 7J i

i

U.JT I

-i
ô 7t i

n nÁi
:

I ilHi
i
:

* number of ions on the basis of 4 oxygens- not detected
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iHo.

¡!
iADÄTITCC:iã¡ñr¡tLúi

si02
Hst)

Cau

Hn0
Fe0

Na20

P205

F
r'l-F

Iotal

I

! Jl,
i7-10
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[ íSIL SIL

? n.{l ? n/!U. UT ì ü. Ut;
ii

? n¡i ? nÄ!ú.uri u.uli

SÍ
ilg
îr

Hn

Fe
Na

* nunber of ions on
- not detected

2.J7 i

0.01i
0.03;
^ 

rf t i.+.ol 
I

0.01i
0.0ó i

0.01 i

¡
I

4.'lJi
i

the basÍs of IJ oxygens

i¡
- i n nt;

0.04i 0.0si
Á itrt 

^ 
i.t:r.ua¡ a.uri

0.0ri 0.01¡
0.0¿i 0.07i
n nô! n nr ¡U.U¿: U.UI,i

i!
al

4.7ii 4.iói
I!

:i
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IJL

02

l'{l

n¡)
HL
n4
U¿

en

5-9
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5-9
st

j 5-2r

Si rl2

Ti 02
Hsu

ta0
Hnt')

Fe0

Na20
P205

F

ll: F

Io tal

* nunber of ions on the basis of 5 oxygens- not deiected

5r
II
l'ls
0r

Hn

Fe

Na

ii¡iiiiii - i - i - i 0.0ei - i - i - i

i 2.u0¡ 2.0ói t.i4¡ t.2sl 0.eli o.z¿i o.¿li
i 42.82 i 12.83 i 42. 6t i 42.2:¿i 43. ió i 4J. i0 i 44. 4É ;i0.lii 0.12i 0.0-ci n.lsi û.06i 0.0si 0.0sii - i - i - i - ¡0.r0i0.09¡0.0e¡i - ¡ - i - i - i0.10i0.09¡0.09i
i i.ili 6.90i 7.9Èi 7.2?! 7.14i i.ili z.osii - i - i - i 0.24i - I - i - i

i 44. 0.q i 4j. só i 4j. jrl i 42. 4l ¡ +e. ¿o ! +¡. o¿ i +2. ¿e i

i 9.ll; 9.30i 9.sri s.721 s.0sì ,ð.22i 8.2Ði
i -J. 84 i -i. 92 I -4. 04 i -J. r5i i -3. 59 i -j. 4ó i -J. 49 i
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