
V.
^

Report^ on thin sections from T.'arquis Drill Core 1-71
SECTION

To - Wilf Walker

Prom - Sheila Boutcher 41018*.*. 2.14.5 BRIC 010

The sequence of recognisable igneous rocks present 
in this drill core is of restricted compositional type, 
beinf typically medium to fine grained sodic microsyenites. 
Only the two highest specimens (at 32' and 75*) contain 
more than trace amounts of quartz and potash feldspar. 
The specimen at 32' is a hornblende rich microfranite, 
while that at 75' contains a lower proportion of potash 
feldspar and is transitional towards the syenitic rocks 
of the lower part of the drill core. The freshest of 
the latter are typically composed almost exclusively 
of albite, with a low proportion of chlorite as their 
only other essential constituent. Only one fairly 
fresh microsyenite (at 401') contains abundant hornblende.

A list of the rock types present in the drill core, 
arranged in order of increasing depth, along with the 
alteration type shown by each, is included with this 
report.

These rocks exhibit three distinct, and apparently 
separate, types of alteration. '^he first type which 
will be described is typically propylitic in nature, 
and is found in specimens 32', 75' and 401', being only 
of slight pervasiveness in all three. This alteration 
type is represented by slight sericitisation of the 
feldspars, and alteration of hornblende to chlorite and 
carbonate.

The second type of alteration found is pervasive 
hematitisation of the feldspars, both as an impregnation 
by very fine hematitic dust, and in the form of abundant 
hematite inclusions of hematite crystals within the 
feldspar. In some cases this hematitisation is visibly 
vein related. The pervasiveness of the hematitisation 
varies from very slight to strong; in the latter case 
the whole rock takes on a deep reddish colour in hand 
specimen. ^owever the intensity of the hematitisation 
does not appear to be in any way related to depth; 
strong hematitisation being found at various levels in
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the core, separated by rocks which are free, or virtually 
free from it. This impregnation by hematite i s not found 
in the propylitised rocks, but is present both in rocks 
which are otherwise fresh, and in rocks which are affected 
by the third type of alteration, namely pervasive 
epidotisation and chloritisation.

Almost total replacement of the original rock by 
epidote, accompanied by varying proportions of chlorite 
and quartz;, is found in six of the specimens examined. 
In some of these rocks, which may now be termed epidosites, 
t^ere are small patches of sodic plagioclase, usually 
containing hematitic inclusions and dust, which suggests 
that the original rock type was a medium to fine grained 
syenitic rock similar to the fresh rocks in the sequence. 
This suspicion is reinforced by the presence of two 
specimens which show an intermediate stage of alteration. 
These ?re at 540' , where an otherwise fresh miorosyenite 
is dotted with clusters of medium grained epidote crystals, 
and at 225' ( where the rock still retains a recognisable 
igneous texture similar to the associated microsyenites 
a].though it is considerably more altered than the rock 
at 540', being strongly hematitised, and containing 
a relatively high proportion of epidote and chlorite.

As the fresh rocks present in this sequence are 
typically composed of albite, which appears to be of 
primary origin, accompanied only by a low proportion of 
chlorite, a considerably introduction of calcium and 
iron with possibly some manganese and magnesium, would 
be required to produce the abundant epidote and chlorite 
found in the epidosites, while extra silica would be 
required for the quartz rich rocks. In the partly 
epidotised microsyenite (at 540') there is no textural 
evidence for the production of epidote as an alteration 
pf feldspar. Relatively coarse clots of epidote are ~- "' 
scattered throughout otherwise completely fresh looking 
albite, both within the plagioclase grains and cross cutting 
their grain boundaries. It is perhaps significant that 
this rock is criss crossed by minor fractures, which could 
permit ea.sy introduction of new materials to the rock, 
whereas the fresh rocks are typically unfractured.



Textural evidence would therefore suggest the introduction 
of new material to form the replacement minerals.

There is no recognisable pattern to this epidotisation 
and chloritisation with increasing depth in the drill core. 
The sequence of rocks ,1umps from virtually fresh microsyenites 
to cor;pletely reconstituted epidosites and back again 
several times, apparently at rancom. This repeated reversion 
frOKI unaltered to altered rocks and back again suggests 
that the epidosites have been formed by the metasomatic 
introduction of calcium and silica rich material along 
certain preferred zones in the igneous rock sequence, 
possibly ylong zones of fracture, leaving other pprts 
of the sequence virtually unaffected. The introduction 
of the hematite is not apparently related to the epidotisation, 
as it is found in both epidotised and non-epidotised rocks. 
In the epidosites hematite is virtually restricted to 
.the remnant feldspars, and so the hematitisation probably 
pre-dated the epidotisation. Much of the iron needed to 
produce the high proportion of chlorite (up to 40^) in 
some of the epidosites may have been provided by the 
previous hematitisation of the rocks.

The conclv.sion to be drawn from the above description 
seems to be that alteration zonation of the type typically 
found associated with porphyry copper deposits is not : 
present in these rocks. The only typically propylitic 
alteration is very slight and restricted to three specimens.' 
Although epidote and chlorite are common constituents of 
the propylitic zone in porphyry copper deposits, they 
tynically occur as alteration products of feldspars and 
original ferro-magnesian minerals, rather than as the 
result of metasomatic introduction of new materials, 
which they appear to represent in this case. Hematite, 
which is abundant in this sequence, is not a typical 
mineral in porphyry copper, deposits; sulphides, which 
are typical opaque mineral found associated with these 
deposits, were not identified in this series of rocks, 
even in trace amounts. The complete lack of any sort 
of pattern of increasing alteration, or change in alteration 
type, with increasing depth provides additional negative 
evidence against.the presence of porphyry copper type 
alteration. On the basis of the evidence from this drill 
core therefore, there is no evidence to suggest that 
porphyry cooper type deposits might be found in the 
vicinity of the drill hole.
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32' hornblende rich microranite 

75" sodic microtinite

225 1 

294' 

263' epidosite

altered and hematite 
stained syenitic rock

chloritised and hematite 
stained trachytic rock

309' soda rich microsyenite

329' epidosite

352' epidosite

375' epidosite

401 1 hornblende rich microsyenite

436' epidosite

448' hematite rich trachyte

473' sodic microsyenite

540' epidotised sodic micro 
 syenite

572' epidosite

Alteration type 

very slight propylitic 

slight propylitic

epidotisation, hematitisation 
and chloritisation

chloritisation and hematitisation

severe epidotisation and 
chloritieation

slight hematitisation 

severe epidotisation

strong epidotisation and 
silicification

strong epidotisation and 
silicification

slight propylitic

strong epidotisation and 
chloritisation

fairly strong hematitisation 

moderate hematitisation 

moderate epidotisation

strong epidotisation and 
chloritisation



F 1-71, 32'

Rock nnr.e - hornblende rich micro granite

Fineralory - hornblende -
K-feldspar - l8cxo 
plagioclase An, .
quartz - 10# 
sericite - 7# 
epidote - yfc 
apatite - ~yfo 
sphene - 2# 
chlorite - 2^ 
magnetite - 
carbonate -

Texture and Alteration - this rock is fine grained,
xenomorphic granular, consisting

of roughly tabular crystals of sodic oligoclase and 
clusters of hornblende crystals, surrounded by a mosaic 
of Quartz and potash feldspar. The plagioclase shows a 
tendency to form occasional larger crystals, up to 3 mm 
in length, but a truly porphyritic texture is not developed. 
The K-feldspar is present both as microcline and orthoclase. 
It is very fresh. The plagioclase occasionally shows 
slight zoning. The larger crystals in particular show 
some replacement (5-40^) by flakes of sericite, with 
minor epidote and carbonate. Epidote also occurs in 
relatively large crystals, associated with the hornblende. 
The hornblende occurs in irregular clusters of anhedral 
crystals, which frequently include small crystals of 
quartz, feldspar and apatite. Granular masses of 
sphene, and scattered grains of magnetite, also tend to 
be associated with the hornblende. The hornblende is 
unaltered. Rare small compact crystals of chlorite 
appear to represent original biotite.

Alteration type - very slight propylitic.



1-71, 75'

Pook name - sodic tnicrogranite

^inernlog^ - plagioclase An. -

sericite - 
quartz - 
hornblende - 
chlorite - 8 
K-feldsp?.r - 
carlonate - 
sphene - 3^ 
epidote - 2^ 
apatite - 1^ 
magnetite - 
pyrite -

Texture and Alte?;ation - this rock is fine grained,
. xenomorphic granular, with roughly

tabular to lath shaped albite crystals, and irregular 
clusters of hornblende crystals -set in a mosaic of quartz 
and potash feldspar. There are occasional relatively lerge 
plagioclase crystals, although the texture is not truly 
porphyritic. The K-feldspar occurc in very fresh small 
rounded crystals, predominantly in the form of microcline. 
The plagioclase, which is albitic, is generally cloudy 
and partially (10-3570 replaced by fine flakes of sericitic 
mica, along with a very little eoidote and carbonate. 
In a few places the plagioclase is impregnated by a reddish 
(hematitic?) dust. The plagioclase also includes small 
grains of K-feldspar and quartz. The hornblende forms 
clusters of ragged crystals, which are often partially 
to completely replaced by chlorite and/or carbonate. 
They are associated with granular masses of sphene and 
scattered grains of magnetite, and often include small 
inclusions of quortz, feldspar and apatite.

Alteration type - slight propylitic



V 1-73 ,

mime - altered and deeply hematite stained rock, 
probably originally syenitic.

plagioclase - 
epidote - 
chlorite 
hematite 
apatite - 
sphene - 
zircon -

Texture and Alteration - this rock is fine grained,
with a very confused texture.

It consists of aggregates of epidote, and very deeply 
hematite stained feldspathic material, and patches of 
pale green chlorite, which is frequently spherulitic. 
Owing to the dense nature of the hematite dust in the 
feldspar, its composition could not be determined. 
There are occasional patches of feldspar which are 
relatively free of the impregnation by hematite, 
This typically shows chequerboard twinning, and its 
low relief and positive interference figure suggest 
that it is albite. "Relatively large crystals of 
sphene, and abundant euhedral apatite, are scattered 
throughout the rock, as are clusters of hematite 
crystals. The rock is cut by a narrow vei/ftet with 
a core of hematite, lined on either side by a fine 
mosaic of clear, unaltered albite crystals. 
Another minor veinlet contains some quartz, in addition 
to albite.

Alteration type - epidotisation, hematitisation and
chloritisation.



 T

F 1-71,

T? o clc n.? r. e - chloritised and hematite stained rock, 
probably originally trachytic.

Fineralofry ~ Chlorite - 60^
sodic plagioclase - 22^ 
hematite - 
carbonate - 
apatite - 1^

Texture and Alteration - this rock is very fine grained.
It was probably originally

trachytic, but is now composed of a mass of fine grained 
chlorite, containing patches of very fine grained 
mutually interfering crystals of feldspar, showing 
complex chequerboard twinning, and sometimes perthitic. 
Owing to the fine grain size of the feldspar, and the 
fact that it is clouded by an impregnation of hemtatitic 
duot, it was not possible to identify the feldspar 
exactly, but its low relief suggests that it is sodic 
in type. The feldspar is fresh, apart from the 
hematite dust. Fasses of small, often elongate, 
crystals of hematite are scattered throughout the 
chlorite, as is less abundant carbonate, which is often 
cloudy looking with an opaque core.

Alteration type - chloritisation and hematitisation



?.r 1-71, 263'

Pock name - epidosite

Mineralogy - epidote - 
chlorite - 
sodic plagioclase 
leucoxene - 5fi 
hematite - 5# 
albite (in vein)

Texture and Alteration - this rock is fine grained, and
is composed mainly of irregular

aggregates of epidote crystals, set in a mass of extremely 
fine grained, pale green, chlorite with anomalous brown 
birefringence. Granular masses of leucoxene are scattered 
throughout the chlorite. I'here is a low proportion of 
irreguuarily shaped fine" grained, small, feldspathic 
areas, impregnated by a fine hematitic dust. An exact 
determination of the feldspar composition was not 
possible, but the low relief and presence of polysynthetic 
twinning suggests a sodic plagioclase. Granular masses 
of hematite are also scattered throughout the feldspar. 
The rock is cut by a narrow vein, filled by a fine 
grained mosaic of very fresh looking albite.

Alteration type - severe epidotisation and chloritisation.



1-71, 309'

Rock nnrne - soda rich micro-syenite

Twiner r logy - plagioclase An,-

chlorite - lOfi
hematite - 
leucoxene - 
carbonate - 
apatite - < Ifi 
epidote - < 1# 
zircon - <l^ 
sphene - ( 15&

Texture and Alteration - this rock is medium to fine grained
xenomorphic granular, consisting

mainly ?-f anhedral crystals of albite, of rather variable 
grRin size. The crystals are mutually interfering, and 
often have sutured margins. Quartz and potash feldspar 
were not identified in this rock, although occasional 
albite crystals are slightly perthitic. The albite is 
fresh looking, the only alteration being a fine brownish 
dust, giving the miners! a slightly cloudy appearance. 
A low proportion of very fine grained chlorite is present, 
as irregular interstitial patches, and as small inclusions 
within feldspar. It is pale green and virtually isotropic. 
Small crystals of hematite, sometimes associated with the 
chlorite, are scattered throughout the rock. The plagioclase 
in the vicinity of the hematite is sometimes dusted by 
a fine red stain, probably hematitic. Carbonate is present 
only as a fracture filling.

Alteration type - slight hematitisation



F 1-71,

Rock nTrnc - epidosite

T.'inerqlqfy - epidote - 
chlorite - 
quartz - 
leucoxene - 2^ 
sphene - 1# 
carbonate - 1# 
berndtite - 1# 
apatite - 1#

Texture and Alteration - this rock is medium to 
~~" " fine grained hypidiomorphic 
granular, consisting mainly of aggregates of subhedral 
to anhedral epidote crystals. There are scattered 
patches of extremely fine grained chlorite, pale green 
in colour arid showing anomalous brown birefringence. 
The leucoxene which is present tends to be associated 
with the chlorite. There are sparsely distributed 
plates of quartz, containing abundant inclusions of 
epidote (often euhedral) and of patches of chlorite, 
and in some cases carbonate. In places where the 
quartz becomes relatively abundant, it forms a granular 
mosaic of crystals, sometimes containing abundant 
tiny needle shaped inclusions which show a very well 
developed parallelism which may be carried across several 
adjacent grains. These inclusions are micaceous looking. 
Scattered aggregates of reddish scales, probably 
hematitic, are often associated with the quartz.

Alteration type - severe epidotisation



V. 1-71, 332'

Rock name - epidosite

Mneralopy - quartz -
epidote - 40^ 
chlorite - 
sphene - y/o 
apatite - 2 
feldspar - 
leucoxene - 
carbonate -

Texture and Alteration - this rock is medium to fine
grained, xenomorphic granular.

Tt is composed essentially of granular aggregates of 
anhedral epidote crystals, surrounded by a mosaic of 
quartz, ofter with straight grain boundaries. 
The quartz contains abundant inclusions of epidote 
(often subhedral) and patches of chlorite. In some 
parts the quartz also contains clusters of tiny 
inclusions of sodic plagioclase, several adjacent 
inclusions often being in optical continuity. These 
clusters of optically continuous feldspar inclusions 
sometimes transgress quartz crystal margins. 
Very occasionally, quartz crystals contain a parallel 
arrangement of needle like inclusions which are too 
small to be identified. There are patches of chlorite, 
often sheaf like in nature, scattered throughout the 
rock. Sphene, often euhedral, and prisms of apatite, 
are generally associated with the quartz.

Alteration type - strong epidotisation and silicification



K 1-71, 375'

Rock name - epidosite

Finer alp fry - quartz - 4CK
epidote -
chlorite -
sphene - 3^
apatite - 3^
leucoxene - 3^
carbonate - 1^
sodic plagioclase -<1#

Texture and Alteration this rock is fine grained,
xenomorphic granular, consisting 

of a mosaic of epidote and quartz, with abundant 
patches of chlorite, often finely spherulitic. 
The quartz mosaic is characterised by sutured grain 
boundaries in some parts of the thin section, and 
straight grain boundaries in others. The quartz 
is distinguished by the presence of abundant inclusions 
of epidote, chlorite and apatite, and occasionally 
carbonate. There are very rare small inclusions 
of sodic olagioclase in the quartz, and occasionally 
a parallel arrangement of tiny needle like inclusions, 
which are too small to be identified, was seen. 
Relatively abundant sphene tends to be associated 
with the epidote.

Alteration type - strong epidotisation and silicification



F 1-71, 401'

Hock rt a ir: e - hornblende rich microsyenite

,~Twiner a lory - plagioclase An
hornblende - 
sericite - 
carbonate - 
chlorite - 4^ 
quartz - y/* 
apatite - yfo 
sphene - 2fo 
epidote - 1# 
K-feldspar - 1#

Texture and Alteration - this rock is medium grained
xenomorphic granular, consisting

essentially of a mosaic of roughly tabular, mutually 
interfering albite-oligoclase crystals, and irregular 
ag{reg^tes of anhedral hornblende. The plagioclase 
is speckled throughout by a low proportion (10-30^) 
of very fine flakes of sericite and carbonate. 
It also includes very occasional crystals of epidote. 
The plagioclase is typically unzoned. Hornblende 
occurs in clusters of compact crystals, often quite 
fresh, but sometimes partly to almost completely 
replaced by carbonate and/or chlorite along the 
cleavages. It contains abundant inclusions c f 
apatite, and is often associated with sphene. 
Occasional compact chlorite crystals probably 
represent original biotite. There is very rare 
interstitial quartz and perthitic K-feldspar. 
The rock is traversed by a plane of fracture, with 
bending of the plagioclase twin lamellae nearby. 
This fracture is partially filled by carbonate.

Alteration type slight propylitic.



T: 1-71, 436

Hock nan e - epidosite

T.'ineralogy - epidote - 
chlorite - 40^ 
carbonate - 5# 
plagioclase -

Teyture and Alteration ~ this rock is fine grained,
composed essentially of granular

anhedral epidote, set in a mass c f extremely fine grained 
chlorite, which is pale green and virtually isotropic. 
There is a low proportion of carbonate disseminated 
throughout the rock, in irregular patches, often with 
a cloudy core. The rock is crossed by a narrow veinlet 
which is filled by finely granulated epidote, and a 
mineral showing very low birefringence, and impregnated 
by a hematitic dust. This probably feldspathic in 
nature. The veinlet also contains patches of extremely 
fine grained, aple greenish, sericitic mica.

Alteration type - strong epidotisatioii and chloritisation



E" 1-71, 448'

Rock name - hematite rich trachyte

hematite - 
chlorite - 
leucoxene - 3^ 
carbonate - 1# 
apatite - 1# 
sphene - ^^

Texture and Alteration - this rock is very fine grained,
xenpmorphic granular, consisting

essentially of a confused mass of mutually interfering, 
roudhly equidimensional, crystals of albite. The grain 
size is patchy, varying from about 0.01 mm to patches 
where the crystals reach a size of about 0.2 mm. 
Hematite, in the form of elongate crystals, and aggregates 
of small compact grains, is abundantly scattered throughoii 
the rock, often cross cutting plagioclase crystals. 
Chlorite, in very fine fine grained patches, and sheaf- like 
crystal masses, is also common. The albite is very fresh 
looking, the only alteration being a very fine brownish 
dust .vhich is disseminated through the crystals, and which 
is probably hematitic. This dust is less abundant in the 
coarser grained patches. There are occasional relatively 
large, irregularily shaped crystals of carbonate, 
containing abundant inclusions of albite and hematite, 

and K-feldspar were not identified in this rock.

Alteration type - fairly strong hematitisation



r 1-71, 473'

gock nmr.e - sodic microsyenite, impreism^ted with hematite

yjncralcp-y - plagioclase
hematite - 
chlorite - 
sphene - 2fo 
apatite - 
epidote - 
ouartz (in veins)

Texture and Alteration - this rock is medium to fine
grained, xenomorphic granular.

It has a confused texture, being composed essentially 
of mutually inte fering, roughly equidimensional, 
crystals of albite, often with sutured margins. 
The albite ia fresh, apart from an impregnation by 
a ve"y fine grained reddish hematitic dust, which 
is patchily distributed, but tends to increase in 
intensity towards a hematite bearing vein. 
Granular masses of hematite are also scattered throughout 
the rock. Small patches of chlorite, and subhedral to 
anhedral grains of sphene, are disseminated through the 
rock, while there are very rare crystals of epidote. 
The rock is cut by a narrow vein filled by very finely 
granular, hematite stained, feldspar, clear quartz, 
and crystalline hematite. There is also a veinlet 
containing only ouartz, and another containing only 
hematite.

Alteration type - moderate hematitisation



F 1-71, 34 O

Hock name - epidotised sodic microsyenite 

- plagioclase
epidote - 
chlorite - 
leucoxene - 
apatite - 1 
hematite - 
carbonate - 
zircon - l/o

Texture and Alteration - this rock is medium to fine /Trained,
xenomorphic granular, consisting.

mainly of mutually interfering crystals of albite, of 
rather variable grain size, often with sutured borders. 
Clusters of granular epidote crystals are abundantly 
scattered throughout the rock, both within and crossing 
plagioclase grain boundaries. Otherwise the albite is 
extremely fresh looking. Irregular patches of chlorite 
are often associated with the epidote. Quartz and 
K-feldspar were not identified in this rock. i'he rock 
is cut by a network of minor fractures, sometimes filled 
by carbonate or chlorite, sometimes just marked by the 
bending and sidestepping of plagioclase twin lamellae. 
As there is no textural evidence for a secondary origin 
of the albite, it seems likely that the fractures in the 
rock provided an access route for the materials necessary 
to form the epidote, which must be of secondary origin.

Alteration type - moderate epidptisation



1-71, 57:

Hock name - epidosite

epidote - 
chlorite - 
sodic plagioclase - 
quartz - 5f* 
hematite - 5?5 
leucoxene - 3^ 
carbonate - 2^

Texture and Alteration - this rock is fine grained,
xenomorphic granular, consisting

mainly of ag, -rebates of epidote crystals, and patches 
of very fine groined, pale green, virtually isotropic 
chlorite. The relative proportions of these minerals 
vary across the thin section. In some parts of the 
thin section quartz becomes an essential constituent, 
sometimes in relatively large plates, or in a mosaic 
of crystals, often with straight crystal margins. 
The quartz contains abundant small inclusions of chlorite, 
and less commonly epidote. In other parts of the thin 
section plagioclase, probably sodic in composition, 
becomes a noticeable constituent, mostly occurring in 
small irregularily shaped crystals surrounded by 
epidote and chlorite. The plagioclase is often deeply 
impregnated by hematitic dust, and also contains 
abundant inclusions of larger hematite crystals. 
Small granules of leucoxene are virtually restricted 
to the chloritic patches. Irregularily shaped areas 
of carbonate are most often associated with quartz, 
sometimes forming stringers cutting across quartz 
crystals. The rock is cut by narrow discontinuous 
veinlets, filled by hematite stained plagioclase.

Alteration type - strong epidotisation and chloritisation



JOHN M. CUILBERT
TUCSON, ARIZONA SS704 

740 W. LAS LOMITAS ROAD PHONE (602)-M7-062i

May 8, 1971

Memo to: Wilfred Walker

From: John M. Guilbert

Subject: Rush Lake - Marquis Petrography-Petrology, Spring 1971.

This report will cover (1) Procedures, (2) Rock Types encountered, 
(3) Alteration effects and significance, (4) geophysical interpretation, 
and (5) conclusions for the Rush Lake and Marquis specimens submitted*

(1) Procedures. The Rush Lake materials were given 'saturation* 
petrographic treatment, whereby I asked Mr. Langlois to provide complete 
descriptions of the rocks. While the results were well worth the care he 
took with respect to precise control, inspection of the much larger number 
of Marquis specimens, and the Rush Lake results, led me to a different 
procedure for the former. One of the persistent problems encountered there 
is that both the fresh and altered rocks are fine grained and predominantly 
greenish, a fact which blocks successful megascopic identification of epi 
genetic chemistry without the greatest care and most sublime handlens ar 
tistry. In short, quantitative determination of extensiveness of propyli 
tization is difficult without thinsectlons. With the experience of the 
Rush Lake materials, then, it was my choice to have thinsections of all 
40 of the Marquis rocks cut for cursory examination rather than to study 
15 or 20 completely. This was done, and the results of the rock Identifi 
cations are posted, with alteration notations, the accompanying map. The 
rock identification notes are clear enough; the alteration abbreviations 
are as follows: letters indicate intensity - P-Propylitized, A-argillized, 
S and K (were they present) - Phyllic (Sericite) and Potassic - and numbers 
indicate extensiveness - 2-201 of susceptible minerals effected, 4-40X, 
and so on. P-10, then,means that all of the potentially propylitized min 
erals are in fact converted to chlorite, epidote-zoisite, calcite, or fine 
grained montmorillonite or sericite, chlorite and epidote typically in 
amphibole sites, zoisite, montmorillonite-sericite, chlorite typically in 
plagioclase sites. An appraisal of alteration intensity, then, is afforded 
by the letters, the pervasiveness by the numbers. The overall vector, 
clearly, is most favorable at the closest approach to S-10 or K-10.

The study was marred by really bad sample notation. I have been 
back through the rocks and bags themselves twice, but the problems are 
refractory, the rocks being misnumbered as follows:

284576-2; no location on map, probably misnumbered 
284576-3; no location on map, probably mlsnumbered 
284584-1; no sample 
284584-3; no sample



2.

284584-4; 2 camples, very different rocks
284591-5; no sample
284591-7; no sample
284591-8; two similar samples
284592-3; 3 samples, very different rocks
284593-2; no location on map.

Unfortunately, 3 of these (284584-1 6 -3 and 284584-5 arc key 
samples for which we have no representation. I will gladly return the rocks 
for your inspection if you wish, and will send along the thinsectiono and 
thinsection blocks on request.

(2) Rock Types. Rock Types at the Rush Lake locale are less diverse 
than they are at the Marquis site. The former list includes:

Porphyritic quartz diorite
Quartz diorite
Granodiorite
Quartz monzonite, and an altered
Amphibolite or diabase.

The latter list, those at the Marquis claims, includes:

Hornblende andesite
Hornblende andesite porphyry
Hornblende quartz andesite
Quartz andesite
Quartz diorite
Hornblende diorite
Hornblende microdiorite
Quartz dacite porphyry
Diabase
A metavolcanic of unknown Initial composition
Quartz hornblende gneiss
Quartz feldspar (PLAGIOCLASE) gneiss
Meta-arkose

With such variety (at both locales) it is impossible for me to 
construct a geologic map, but it is worth noting that the Rush Lake materials 
are generally of more plutonic affinity than the Marquis ones, and that they 
fall into groups. The Rush Lake rocks, with granodiorite and quartz monzon 
ite included, are on the felsic side of intermediate while the Marquis rocks 
are more typically intermediate in composition. The latter include a suite 
of plutonic to hypabyssal rocks which are described as quartz diorites, micro- 
diorites, various andesites, and even a quartz dacite porphyry. These rocks 
would be discouragingly mafic in southwestern North America, but not in the 
Southwest Pacific. And if this porphyry prospect can be construed as having 
any relation to an ancient island arc (the Grenville Front weakness?), then 
these rock types are quite acceptable. The andesitic stem of the Marquis 
materials appcnro to bc intrusive rcther thr.n ej:trunive in occurrence. They 
vary mostly in percent quartz rather than in fundamental fabric. If the 
andcjiltc-dioritc rocks arc cognate, the quartz dacite porphyry and diabase 
may also be, but it might bear consideration that the quartz dacite porphyry 
is younger* I make no comment about the relative ages of gneisses and
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mctanodimentnry rocks other than to suggest that they are the host rocks.

(3) Alteration Affects and Significance. The rocks at both Rush 
Lake and Marquis are on the mafic side, and nuch rocks require special 
consideration of their alteration behavior. The "perfect rock" for registry 
of alteration zonation is a quartz monzonite or granite because there is 
enough potassium available, in K-feldspar and biotite, that clay minerals 
produced from argillization of plagioclase can be sericitized without intro 
duction of potash. Altered quartz monzonite, then, can sensitively reflect 
changing temperature, pressure, and hydrolysis changes without the mass 
movement of other commodities. Less potassic rocks (like the Marquis ones) 
require terrific K-metasomatism to show sericitization equivalent to that 
which can be achieved in a quartz monzonite only by hydrolysis. A schematic 
reaction shows what I mean.

Qtz Monz -f tf*" -*- Phyllic Alt * Si02 ; but 
Qtz Dior -f JcM/^Phyllic Alt -f Si02.

'Thus, propylitization is a more normal consequence in intermediate 
to mafic rocks (ie, low potassium), and phyllic alteration requires more 
extreme conditions. For example, sericite is relatively rare at Ajo, Bethlehem, 
and at Sierrita, where diorites and quartz diorites are the main rock types. 
Sericite is also uncommon at roost of the SW Pacific porphyries, Atlas and 
Marcopper being important exceptions. The fact that the predominant altera 
tion type at Rush Lake and Marquis is propylitization is not ipso facto dis 
couraging, although this is less true for Rush Lake than for Marquis,

Rush Lake. Alteration at Rush Lake appears genuinely to represent 
hydrothermal activity rather than metamorphism except in RL-3a and-3b where 
there is some question. That "post-ore" metamorphism may have cleaned up 
some of the alteration is possible, but it could not, for instance, have 
erased a phyllic zone. Generally, Rush Lake alteration is disappointing, 
la and Ib, 2a and 2b, 3b, 4 and lOb are all minimally altered (at P-l to 
P-3) quartz diorites, in terms both of intensity and pervasiveness. Samples 
3a and 5 are granodiorites of but modest alteration, even though RL-5 (like 
RL-4) hosts a veinlet of potassic affinities with quartz, K-feldspar, and 
minor sulfides. The only really stirring alteration is the more pervasive 
propylitization and sericitization in RL 592-2 which is descriptively similar 
to rocks at Bethlehem although this analogy is overstated even in making it, 
at this point. The P-6 4- K alteration of RL-lOa is also provocative. There 
is not, however, and indicated zoning or district-scale effects.:registered 
in the samples from Rush Lake. There is'no tangible evidence in the rocks 
submitted of a through-going, quantitatively adequate hydrothermal system of 
the 'porphyry-copper' type yielding zonation of hydrous alteration mineralogy, 
although minor alteration is apparently common. I am thus discouraged about 
Rush Lake in the context of porphyry copper mineralization as we know it 
elsewhere.

Marquis. The Marquis materials are more encouraging. The accompany 
ing scaled-dcnm claim map hns posted upon it the alteration assemblages also 
cho-,:n on tha larger (but scalc-lcr,;;) claim nap. There ie clearly an caot- 
weot* belt of more pcrvnnive propylitization along the boundary between the 
southern two rows of claims. The 'hottest spot 1 is also where sulfides are 
reported, both pyrite and chalcopyrite. I will herewith surmise that at 
least a shear zone which also controls the river's location runs eaot-west 

'through the claims, a shear zone that has localized both alteration and
t

^assuming north at the top of the claim map*
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ncralizAtion, "P-10" represents a completely reworked material, and its 
'ere presence is encouraging. The erratic distribution of alteration formu 
lae with rcopcct to the scale of regional metamorphism indicates that the 
affects seen are indeed hydrothermal in origin.

The P-10 evaluations in the NE corner of 284591 are encouraging, as 
are the three P-10 and two P-5 ratings elsewhere along the river access. The 
P-3 and P-8 values in 284584 are interesting, but the F values in the same 
block are less satisfying. Dispersed moderate to high P values are also 
suggestive of more systematic hydrothermal activity. It must be remembered 
too that some of the less altered to fresh materials may be younger than the 
district alteration, and therefore deceptively deleterious. I conclude these 
remarks with the interpretation that substantial hydrothermal activity is 
registered in theee rocks, that activity along an E-W shear zone would or 
could explain much of the effect, but that more than that is suggested by 
the few 'outliers'. 'Hot spots' are indicated. There is not the encourage 
ment that a nice (or even barely discernible!) sub-rounded systematic 
alteration zoning pattern would afford, but more detailed search in the area 
of the SW, four claims is certainly indicated. No phyllic or potassic alter 
ation as such was found, although sericite is not an uncommon minor mineral 
in the advancedly-altered P-10 rocks. Alteration consideration would thus 
favor further activity in claim 284591 and along the river channel, with 
collection of specimens along N-S picket lines to establish (or test) the 
hope of a district zoning pattern.

(4) Geophysical Interpretation. The geophysical map which arrived 
last week can only be briefly commented upon. I am not a sophisticate in 
geophysics, and can only refer you to someone like John Sumner. It would 
be dishonest of me to say more than that chargeability and resistivity con 
tour configurations are completely consistent with the alteration determi 
nations. In fact, the chargeability contours are almost a re-statement of 
the alteration map*; in fact, the agreement is almost spookyl The pattern 
seems much more to be one of elongation than of rounded geometry. The 
chargeability high may well respond from membrane effects in alteration 
minerals as well as the capacitances of sulfides and it should be noted 
that if near ore-grade materials are not associated with the chargeability 
and alteration highs, then prospects for the prospect are proportionately 
dimmer. These are the "best-indicator" areas. The low resistivities are 
also in the right direction for hydration,producing low (hydrated) dielectrics 
from high (anhydrous silicate) dielectrics, and for the presence of sulfides. 
The same observation pertains. The total intensity magnetics are inscrutable 
to me, but for the mild E-W low.

(5) Conclusions. The results of the alteration study have been 
cited as the arguments were presented above. The Rush Lake specimens do not 
register a through-going porphyry copper type system. There is no tangible 
evidence in the rocks submitted of a through-going, quantitatively adequate 
hydrothermal system of the 'porphyry-copper' type yielding zonation of hydrous 
alteration mineralogy, although minor alteration is apparently common. I 
am thus discouraged about Rush Lake in the context of porphyry copper minerali 
zation as vo kno-7 it elscrhere. The Kirquin rocks are considerably wore cnr 
couraging, although the indicated geometry is more elongate than subcircular 
(which is again, not necessarily discouraging, "a la Endako). I will repeat 
here the closing remarks of the section on Marquis, to wit:

^Accepting the difference in river orientation.
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The P-10 evaluations in the NE corner of 284591 are encouraging, ao 
are the three P-10 and two P-5 ratings elsewhere along the river acess. The
-3 and P-8 values in 284584 are interesting, but the F values in the same 

block are less satisfying. Dispersed moderate to high P values are also sug 
gestive of more systematic hydrothermal activity. It must be remembered too 
that some of the less altered to fresh materials may be younger than the 
district alteration, and therefore deceptively deleterious, I conclude 
these remarks with the interpretation that substantial hydrothermal activity 
is registered in these rocks, that activity along an E-W shear zone would 
or could explain much of the effect, but that more than that it suggested 
by the few 'outliers'. 'Hot spots' are indicated. There is not the encour 
agement that a nice (or even barely discernible!) sub-rounded systematic 
alteration zoning pattern would afford, but more detailed search in the area 
of the SW four claims is certainly indicated. No phyllic or potassic alter 
ation as such was found, although sericite is not an uncommon minor mineral 
in the advancedly-altered P-10 rocks. Alteration consideration would thus 
favor further activity in clain 284591 and along the river channel, with 
collection of specimens along N-S picket lines to establish (or text) the 
hope of A district zoning pattern.
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KL-ln

rock typo: porphyritic quartz diorite?

texture: porphyritic with fine grained phenocrysts in a xenomorphic 
matrix; inclusions of medium to fine grained xenomorphic rock; feld 
spars show deformation; skeletal opaque clusters

mineralogy
47 plagioclase - fine to medium grained, anhedral twinned phenocrysts, 

composition Anj^; compositional zoning; some grains deformed by 
micro faulting or bending of lamellae; "dusty" appearance; altered 
to carbonate, quartz, chlorite, epidote, and sericite; degree of 
alteration weak to moderate

35 quartz - fine grained, anhedral phenocrysts and matrix; predominantly 
in matrix; alteration product of plagioclase

5 carbonate - fine grained, anhedral, branching networks replacing 
plagioclase; associated with quartz and chlorite as alteration

1 epidote - fine grained, anhedral crystals; minor alteration of 
plagioclase; associated with quartz and chlorite as alteration

2 sericite - fine grained, anhedral, flaky masses; occurs as Individual 
grains altering plagioclase and as rounded aggregates in matrix

5 chlorite - fine grained, anhedral, alteration product of plagioclase 
and vein constituent; contains opaques and 'pleochroic halos'; 
could be after biotite

1 apatite, sphene, zircon - fine grained, accessory minerals

2 opaques - leucoxene - fine grained, anhedral; associated with 
chlorite

l hematite - fine grained, anhedral; oxidized magnetite? and vein 
filling

l magnetite - fine grained, black mineral

veins: thin carbonate-chlorite-epidote-opaque veins; no apparent 
alteration halo

alteration: apparently propylitic though the same type of mineral 
assemblage might be produced by a low grade metamorphic event, degree 
of alteration moderate; plagioclase altered to carbonate, quartz, 
chlorite, sericite, and epidote (order of alteration abundance); 
chlorite probably also an alteration of biotite; are the two distinct 
textural phases of this specimen also an alteration event; propylitic 
assemblage distributed throughout slide



RL-lb

rock type: porphyritic quartz diorite

texture: porphyritic with plagioclase and quartz phcnocrysts in a 
xenomorphic groundmass; size gradation to matrix resulting in weakly 
developed porphyritic texture; common alteration relationship of 
chlorite core and epidote rim

mineralogy
71 plagioclase - fine to medium grained, anhedral, tabular pheno- 

crysts and anhedral matrix; well twinned; composition Anjg; some 
composition zoning; moderate degree of alteration to chlorite, 
epidote, carbonate, sericite, and quartz

15 quartz - fine to medium grained anhedral phenocrysts and inter 
stitial fill; in part an alteration of plagioclase

5.. epidote - fine grained, anhedral tabular to irregular clusters; 
alteration of plagioclase and primary mafics; associated with 
chlorite, carbonate, and opaques

4 chlorite - fine grained, anhedral, leafy crystals; alteration 
of plagioclase and mafics associated with epidote and opaques

1 sericite - fine grained, anhedral, flaky crystals; alteration
of plagioclase; occurs as individual grains or clusters associated 
with other alteration minerals.

2 carbonate - fine grained, anhedral, alteration product; occurs
as lacy networks after plagioclase and in association with chlorite- 
epidote clusters after mafics

l apatite-sphene-zircon - fine grained accessory minerals 

Z-1 opaques - leucoxene - fine grained anhedral'a result of alteration? 

veins - none apparent

alteration: propylitic, degree moderate; pervasive distribution 
over slide; plagioclase altered to chlorite carbonate epidote quartz 
ana sericite; primary mafics altered to chlorite, epidote, carbonate, 
minor sericite, and leucoxene; no sultides noted in this section



RL-592-2

rock type: altered quartz diorite

mineralogy
30 quartz - fine to medium grained, anhedral crystal; primary mag 

matic mineral; also present as an alteration of plagioclase and 
in thin veinlets

28 plagioclase - fine to medium grained, anhedral corroded, altered 
crystals; composition An^^; altered strongly to sericite, chlorite, 
quartz, and epidote

35 sericite - fine grained, anhedral flaky webs; predominant altera 
tion of plagioclase; pervasive distribution

2 amphibole - fine grained subhedral pleochroic crystals; pleochroism
light green to blue green; common as inclusions in plagioclase and 

' quartz; mostly altered to chlorite-biotite, opaques, epidote, and 
sphene; probably a sodic hornblende

l epidote - fine grained, anhedral, rounded crystals; mostly an alter 
ation of amphibole though some is an alteration of plagioclase

^.1 biotite - fine grained, subhedral to anhedral, altered crystals; 
probably a magmatic reaction product of amphibole; biotite altered 
to chlorite, epidote, opaques, and K-feldspar

l chlorite - fine grained, anhedral shreddy alteration of biotite, 
amphiboles, and plagioclase

^ 1 K-feldspar - fine grained, anhedral irregularly distributed crystala; 
appear to an alteration product associated with chloritization of 
biotite

4- l apatite - accessory mineral

^ 1 sphene - tine grained; in part accessory mineral, in part altera 
tion of mafics

l magneitite - fine grained, euhedral to anhedral, alteration product 
of mafic minerals; some magnetite is also primary amgmatic

texture: xenomorphic inequigranular, fine to medium grained 

veins: thin quartz veinlets; no associated alteration envelope

alteration: propylitic alteration accompanied by intense sericitiza 
tion, degree moderately strong; alteration minerals sericite, chlorite,
epidote, quartz, magnetite, K-teldspar, sphene; pervasive distribution; 
no associated culfidcs

-



RL-2a

rock type: altered quartz diorite

texture: fine to medium grained, xenomorphic granular; deformed 
albite twin lamellae \

\
mineralogy i 
67 plagioclase - tine to medium grained, anhedral, twinned crystals;

locally detormed; composition Anj^; some compositional zoning;
moderate degree of alteration to epidote, chlorite, sericite,
quartz, and carbonate

l apatite, zircon - fine grained, accessory minerals

15 quartz - fine to medium grained, anhedral, interstitial crystals; 
present as an alteration ot plagioclase in association with ser 
icite and as thin veinlets replacing plagioclase

3 sericite - fine grained, anhedral shreddy crystals; alteration 
of plagioclase, occurring as individual crystals and rounded 
aggregates associated with quartz and epidote; some grains appear 
yellowish, suggesting an Fe rich mica

5 chlorite - fine grained, anhedral crystals; associated with
epidote, sericite, and opaques; some opaques surrounded fey pleo 
chroic halos which were undestroyed fcy alteration of biotitoff
to chlorite ,

2 carbonate - fine grained, anhedral, alteration product of plagio 
clase; occurs as lacy networks after feldspar

^

3 epidote - fine grained, anhedral clusters; alteration of plagio 
clase and mafics; associated with chlorite and opaques

1 opaques - leucoxene - fine grained alteration associated with 
chlorite

2 pyrite, chalcopyrite - fine grained subhedral crystals; associated 
with chlorite and appears to replace black mafic

Z-l magnetite - fine grained, anhedral, mafic mineral

veins: thin discontinuous quartz veinlets; no apparent alteration 
envelopes associated with vein

alteration: propylitic degree moderate; alteration assemblage chlorite, 
sericite, carbonate, quartz, epidote, and opaques; plagioclase altered 
to sericite carbonate quartz chlorite and epidote; mafics altered to 
chlorite, epidote, opaques, and sericite; pervasive distribution of
alteration



KL-2b
t

rock typo: altered porphyritic quartz diorite

texture: weakly porphyritic with medium to fine grained phcnocrysts 
in a xenomorphic, fine grained matrix; size gradation to matrix; dis 
torted twin lamellae; gneissic texture

mineralogy
A5 plagioclase - fine grained, anhedral, twinned phenocrysts and 

matrix; deformed lamellae-microfracturing and bending; composi 
tion An34; compositional zoning; altered to chlorite, epidote, 
carbonate, quartz, and sericite

20 quartz - fine to medium grained anhedral phenocrysts and anhedral, 
interstitial matrix; some present as alteration of plagioclase; 
also present in vein as intensely brecciated crystals and vein 
filling

10 chlorite - fine grained, anhedral, gneissic textured crystals; 
alteration product of mafics and plagioclase; associated with 
carbonate, epidote, and opaques; present also as vein constituent

;

3 carbonate - fine grained, anhedral, crystals; alteration product 
of plagioclase and a vein constituent

5 sericite - fine grained anhedral, flaky aggregates; develops as 
an alteration of feldspar and as local 'clots' adjacent to veins

l apatite, zircon - fine grained accessory minerals 

/.l leucoxene - fine grained, anhedral; alteration product

5? K-feldspar - fine grained, anhedral; alteration product of plagioclase

veins: quartz - epidote - chlorite - carbonate veins; intense deformation 
adjacent to and within vein; quartz has sutured textures suggesting 
an attempt at recrystallization; outer edge of vein appears to be flanked 
by epidote '

also thin discontinuous 1) quartz and 2) carbonate veinlets

alteration - propylitic, degree moderate; alteration more intense near 
vein but this feature does not constitute an alteration envelope; pla 
gioclase altered to chlorite, epidote, carbonate, quartz, and sericite; 
mafics altered to chlorite, epidote, and carbonate



RL-3a

rock type: altered or metamorphosed granodiorite

mineralogy
43 plagioclase - medium to fine grained, anhedral, corroded crystals; 

some evidence of microfaulting and folding of crystals; average 
composition An2g, compositional zoning; twin planes are diffuse- 
recrystallization-incomplete?; altered and replaced by epidote, 
chlorite, carbonate, quartz and K-feldspar; the sutured texture 
of the K-spar-quartz replacement is more indicative of metamor 
phic recrystallization than hydrothermal alteration

25 quartz - medium to fine grained, anhedral, crystals; also present 
as an alteration of plagioclase; possesses a sutured texture in 
dicative of non-equilibrium recrystallization

10 K-feldspar - fine to medium grained, anhedral clouded crystals; 
alteration or replacement of plagioclase; probably produced by 
metamorphism

15 epidote - fine grained, anhedral, pleochroic cluster; principally 
an alteration of plagioclase; associated with chlorite and car 
bonate \ . '

s
5 chlorite - fine grained, anhedral, pleochroic crystals; alteration 

of plagioclase and pre-existing primary mafics; contains sphene 
and apatite as inclusions

/.l carbonate - fine grained, anhedral local disseminations; altera 
tion of plagioclase; present in thin discontinuous veinlets; 
distributed interstitially between grains

l sphene-apatite, - fine grained accessory minerals

^-1 opaques - leucoxene; alteration product associated with chlorite; 
iron oxides-hematite - fine grained, anhedral, probably oxidized 
magnetite; appears to be replaced by epidote before oxidation

texture: fine to medium grained xenomorphic; sutured texture for 
alteration quartz and K-spar

alteration: probably a metamorphic assemblage though propylitic in 
character; assemblage consists of chlorite, epidote, carbonate, quartz 
and K-spar; deformed plagioclase and sutured texture of quartz and 
K-spar suggest metamorphic origin; alteration distribution pervasive; 
iron oxides-magnetite - appear to be replaced by epidote

veins: weakly developed, discontinuous carbonate veins



RL-3b

rock type: altered quartz diorite

mineralogy
47 plagioclase - fine to medium grained, anhedral, locally corroded 

crystals; twin planes well defined; composition Ano^, composition- 
ally zoned; some deformation of plagioclase; altered to sericite, 
epidote, quartz, chlorite; K-spar

30 quartz - fine to medium grained, anhedral rounded primary crystals; 
also alteration of plagioclase

5 K-feldspar - fine grained, anhedral, crystals; some primary some 
alteration of plagioclase

10 epidote - fine grained, anhedral, disseminated clusters of crystals; 
alteration of plagioclase and former mafics

5 chlorite - fine grained anhedral pleochroic crystals; alteration 
of plagioclase and former mafics

l sericite - fine grained, anhedral flakes; alteration of plagioclase 

l sphene, apatite - fine grained, accessory mineral

L.\ opaques - leucoxene, fine grained, anhedral alteration product 
associated with chlorite

iron oxides - fine grained anhedral; appears to be replaced 
by epidote

' texture - fine to medium grained, xenomorphic; contains basic clot of 
chlorite, epidote, quartz

veins: none

alteration: probably metamorphic; propylitic assemblage represented 
by sericite, epidote, chlorite, quartz, and K-feldspar; distribution 
pervasive

comparison to RL-3a
1.) no significant development of sutured texture of quartz and 
K-spar
2.) presence of sericite and absence of carbonate
3.) plagioclase twin planes more sharply outlined

based upon limited deformation and above factors, RL-3b probably
subjected to lees deformation and intensity of metamorphism?; the 
absence of sutured textures may indicate that metamorphism of this 
rock reached equilibrium



KL-4

rock type: altered quartz diorite

mineralogy
42 plagioclase - fine to medium grained, anhedral, scalloped crystals; 

composition An-^, compositional zoning; altered to quartz, epidote, 
chlorite, and locally K-feldspar; deformed twin lamellae

30 quartz - fine to medium grained, euhedral to anhedral, locally
strained, crystals; in part primary and in part vein filling; quartz 
vein filling is brecciated and recemented (veined) by later quartz, 
chlorite, and minor opaques

Z. l K-feldspar - fine grained, anhedral, 'clouded 1 , strained (deformed) 
crystals; apparently confined to veins; cut by main quartz vein

15 epidote - fine grained, anhedral massive clusters after plagioclase; 
 - associated with chlorite and quartz; probably also an alteration 
of former mafics

10 chlorite - fine grained, anhedral, pleochroic masses as alteration 
of plagioclase and mafics

/-l carbonate - fine grained, anhedral; vein filling 

l rutile - fine grained euhedral prismatic webs

Z-l pyrite - fine grained, anhedral braided grains resembling intersti 
tial fill associated with veins; slight oxidation to limonite

' l apatite, sphene - fine grained, anhedral to euhedral accessory
minerals

texture: fine to medium grained, xenomorphic; vein texture-some evi 
dence of post vein movement and filling

veins: 1) quartz - K-feldspar veins; irregular distribution; K-spar 
apparently strained; cut by quartz vein (2)

2) quartz veins with minor chlorite carbonate and some sulfides

alteration: 1) initial propylitic stage characterized by development 
of epidote, chlorite, and quartz; this could be a metamorphic event 

2) distinct potassic stage; vein related
t

sulfides associated with type 2 quartz veins; propylitic alteration- 
moderate degree



KL-5 t 

rock type: altered granodiorite

mineralogy
. 48 plagioclase - fine grained, anhedral, corroded, crystals; micro- 

faulting and deformation indicated by bent twin planes; average 
composition An^J compositional zoning; altered to sericite, 
quartz, K-spar, epidote, and chloritejweak ,to moderate degree of 
alteration

30 quartz - tine to medium grained, anhedral, irregularly shaped 
grains; also present as an alteration of plagioclase and a vein
filling

15 K-feldspar - fine grained, anhedral, crystals with some micro 
cline twinning; presnet as a primary constituent, an alteration 
of plagioclase and a vein-related alteration envelope

l chlorite - fine grained, anhedral, pleochroic crystals; altera 
tion of plagioclase and mafics; associated with epidote and opaques

l epidote - fine grained, anhedral, pleochroic clusters of crystals; 
alteration ot plagioclase and probably former mafics

4 sericite - fine grained, anhedral, flaky grains; alteration pro 
duct of plagioclase; pervasive distribution; intensity of sericite 
is not related to veins

l pyrite - fine grained, euhedral crystals; related to vein struc 
tures; slight oxidation to limonite

l magnetite - fine grained, euhedral to anhedral crystals; in part 
primary in part secondary from breakdown of mafics; slight oxi 
dation to limonite

texture: fine to medium grained xenomorphic

veins: quartz-K-feldspar veins with traces of chlorite; K-spar altera 
tion envelope (1mm) and sulfides associated

alteration: 1) propylitic - characterized by development of sericite, 
epidote, chlorite, quarts, and some K-spar?!mafics thoroughly altered, 
plagioclase weakly altered; this event could be metamorphic in origin
2) potassic stage, distinctly vein related plagioclase altered to micro 
cline and quartz some euhedral sulfides associated with this stage
3) weak supergene oxidation



RL-9

rock type: altered amphibolite or diabase

mineralogy
5 quartz - fine to medium grained, subhedral to anhedral vein 

filling; locally strained and brecciated; accompanied in vein 
by carbonate, and opaques; also locally present in breccia
fragments

/-l carbonate - fine to medium grained, subhedral; present as a 
main vein constituent and in breccia fragments

62 chlorite - fine grained, anhedral, massive aggregates; form 
breccia fragments; also associated with clinozoiscitc and car 
bonate

30 clinozoiscite - fine grained, anhedral, clusters of grains; 
associated with chlorite as breccia fragments

2 opaques - pyrite, chalcopyrite - fine grained, anhedral, crystals; 
present in veins; mostly oxidized to iron oxides

iron oxides - fine grained massive oxide material in veins; 
oxidation of sulfides; forms rims on sulfides; also distributed 
in chlorite-epidote breccia fragments as alteration of magnetite

texture: brecciated, with fragments xenomorphic granular and vein 
textures hypidiomorphic to brecciated; quartz has strained extinction

veins: quartz-carbonate-opaque vein as fracture fillings; opaques 
(sulfides) altered to iron oxides; no obvious alteration envelopes; 
much evidence for continued opening of veins

alteration: probably low grade metamorphism of amphibolite to 
chlorite-epidote assemblage; veins do not seem to cause appreciable 
alteration of breccia fragments; sulfides associated with alteration; 
the amphibolite may have been an intermediate step in the metamorphism 
of o-diabase

supergene oxidation
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rock typo: metamorphosed amphibolite? or diabase

mineralogy (applies only to breccia fragments)
-25 quartz - fine grained, subhedral to anhedral, vein filling; also 

present in breccia fragments as primary mineral

60 chlorite - fine grained, anhedral, green pleochroic shreds; com 
prises majority of breccia fragments

5 epidote - fine grained, anhedral crystals; main constituent of 
breccia fragments

10 K-feldspar - fine grained, anhedral crystals; present as a con 
stituent of breccia fragments and as a vein filling

L-\ carbonate - fine grained, anhedral, vein component

l magnetite - hematite - fine grained, anhedral disseminated grains 
in breccia matrix; moderately to strongly oxidized to hematite

  pyrite-chalcopyrite - fine grained, anhedral crystals present in 
veins; oxidized to iron oxides

l leucoxene - fine grained alteration product

texture: brecciated texture; breccia fragments possess xenomorphic
granular texture

veins: quartz-carbonate and quartz-K-feldspar veins; no obvious alter 
ation envelopes; associated sulfides

alteration: propylitic or low grade metamorphism of amphibolite followed 
by brecciation and K-spar-quartz-carbonate introduction; weak potassic 
alteration present in vein 

supergene oxidation
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rock type: altered quartz diorite

mineralogy
45 quartz - fine to medium grained, subhedral, locally strained

crystals; present as primary constituent, vein filling, and
brecciated mass

50 plagioclase - fine to medium grained, anhedral, microfaulted and 
deformed crystals', composition An ; some compositional zoning; 
altered to quartz, epidote, chlorite, carbonate,and traces of K- 
spar; some plagioclase grains are included in quartz as partially 
digested fragments 
\

2 epidote - fine grained, anhedral, disseminated crystals to local 
clusters; an alteration of plagioclase and mafics

2 chlorite - fine grained, anhedral clusters; alteration of plagio 
clase and mafics ,

l sphene - fine grained, euhedral to anhedral crystals; in part 
primary, in part secondary alteration of mafics

l apatite, zircon - accessory minerals

l carbonate - fine grained, subhedral to anhedral, crystals; pre 
sent in vein in association with quartz; also an alteration of 
plagioclase

l K-feldspar - fine grained anhedral crystals with locally sutured 
textures; alteration product of plagioclase

l iron oxides - fine grained anhedral; present in veins and as 
disseminations (hematite?)

texture: xenomorphic inequigranular; some brecciated textures with 
sutured quartz indicative of quenched recrystallization

veins: quartz-carbonate veins with minor K-spar and chlorite; vein 
opened, closed and brecciated at least twice

alteration: propylitic, degree weak; assemblage epidote, chlorite, 
quartz, and K-spar; possibly a metamorphic phenomena
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rock type: altered quartz monzonite

mineralogy
30 quartz - fine grained, anhedral, late stage crystals; also present 

as an alteration of plagioclase; present in thin veinlets

37 plagioclase - fine grained, anhedral, corroded crystals; some
vnicrofculting; composition An-j^; progressive compositional zoning; 
altered to sericite, epidote, K-feldspar, chlorite, and quartz; 
degree of alteration moderate

\
15 K-feldspar - fine grained, anhedral, late stage, microcline twinned 

crystals; predominantly magmatic interstitial fill; also local re 
placement of plagioclase; embays plagioclase

1 biotite - fine grained, subhedral to anhedral, pleochroic light 
s to dark green brown; altered to chlorite, opaques, and epidote

2 epidote - fine grained, anhedral crystals; alteration product of 
plagioclase and biotite

i
3 chlorite - fine grained, anhedral grains; alteration product of

biotite and plagioclase 

10 sericite - fine grained, anhedral alteration product of plagioclase

l sphene, apatite - fine grained, euhedral accessory minerals; some 
sphene may be alteration of biotite

l magnetite - fine grained, euhedral to anhedral, primary magmatic 
mineral and alteration product of biotite; slightly altered to 
iron oxides

l pyrite - fine grained, anhedral crystals; rare disseminated grains; 
slightly oxidized to iron oxides

texture: xenomorphic inequigranular '

veins: thin quartz veinlets and thin iron oxide stained veinlets

alteration: propylitic, degree moderate; alteration assemblage chlorite, 
epidote, magnetite, sericite, quartz, K-feldspar; K-feldspar is probably 
a late stage magmatic or deuteric reaction product with plagioclase; the 
propylitic assemblage could be a result of alteration but also low grade 
metamorphism; no obvious veinlet control; some sulfides associated with 
alteration

supergene oxidation
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rock type imetamorphosed amphibolite (retrograde?) or diabase

mineralogy
42 chlorite - fine grained, anhedral, clustered rosettes; anomalous 

birefringence-penninitc; intimately associated in a xenomorphic 
manner with quartz and epidote; chlorite to epidote ratio increases 
toward oxidized pyrite vein

25 epidote - fine grained, subhedral to anhedral, weakly pleochroic 
grains; epidote to chlorite ratio increases away from vein

30 quartz - fine grained, anhedral, strained crystals; present in 
xenomorphic aggregate with chlorite, epidote; also present as a 
vein filling associated with sulfides; some quartz grains appear 
to be replacing chlorite as indicated by 'arrested' textures; 
shreds of oriented chlorite inclusions exist near quartz-chlorite 

"' interface

/-l K-feldspar - fine grained, anhedral, isolated grain; present as 
an inclusion in quartz

l magnetite - fine grained, euhedral to subhedral; partially oxi 
dized to supergene iron oxides

pyrite - chalcopyrite-fine grained, anhedral crystals located in 
veins and (pyrite only) as isolated grains in wall rock; partially 
oxidized to supergene iron oxides pyrite-chalcopyrite ratio in 
vein 10:1 (only concentrated in veins)

molybdenite or bornite?? - trace associated with vein 

l leucoxene - fine grained, anhedral masses associated with chlorite

texture - xenomorphic granular; quartz appears to possess 'arrested 1 
texture indicating growth-replacement of chlorite incomplete, ie reac 
tion quenched

veins: quartz-sulfide vein with isolated K-spar grain; no obvious 
alteration envelope though chlorite to epidote ratio increases toward
vein

alteration: probably low grade metamorphism of diabase or amphibolite 
responsible for assemblage of chlorite, epidote, quartz; this is sug 
gested by the strained quartz, the arrested quartz texture, and the lack 
of a significant alteration envelope associated with the vein 

some supergene effects indicated by oxidation of sulfides



t



l — Fresh rock 
2- Propylitic
3 —Argillic
4 —Phyllic
5 — Potossic

Conjectural surface exposure of 
alteration on Marquis property 
(see fig2)

PERIPHERAL 
cp-goi-st-Au-Ag

PERIPHERAL 
cp-gol-sl-au-Ag

LOW 
GRADE 
CORE 

low total 
sulphide cp-py-mb

Au — gold mag—magnetite
Ag —silver mb- molybdenum
cp— chalcopyrite py——— pyrite
gal-galena si——sphalerite

1 —' Veins
2 — Vemlets
3 — Veinlets >Dissemina!ed
4 — Disseminated > Veinlets
5- Dis$eminated+Micro veinlets
6 — Disseminated

(A) ALTERATION ZONES (B) MINERALIZATION ZONES (C) OCCURRENCE OF SULPHIDES

SECTIONAL MODELS OF ALTERATION ZONES, MINERALIZATION ZONES 
AND THE OCCURRENCE OF SULPHIDES ASSOCIATED WITH 
PORPHYRY COPPER DEPOSITS
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alteration zones associated with 
porphyry copper deposits.
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MARQUIS EXPLORATIONS LIMITED
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1 Rhyolite, dacite, etc.
LOCATION of 

MARQUIS EXPLORATIONS LIMITED

in GENOA and ERIC TOWNSHIPS 

SUDBURY MINING DIVISION, ONTARIO 

showing GfcOLOGY (from O. D.M. Map 2116)
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NAME OF PROPERTY 

HOLIi NO. ——.———. 

LOCATION Puch T.a' 

LATITUDE 5 -t- OPS 

ELEVATION ———————-

STARTED.

Marquis Explorations Ltd.
1-71

LENGTH .

July 1971

DEPARTURE

. AZIMUTH ——

FINISHED ——

4 -t- OOE

August 1971
DIP

-45

FOOTAOE DIP AZIMUTH FOOTAGE DIP AZIMUTH
HOLE NO.

REMARKS.

___ SHEET NC. l
Hole not complete

To 700 ft. intended depth 
Compare log with petrographic 
Report

LOGGED BvW. Walker. -.is t 26/7!

:' ' .
i-

r ' 1
Wl s

,ff

:
 lift.

,;;
S 1

t
i.'

irr - s
 : . t
l. l
•f ' J 
* u

r- 8
l' " C
L.:

FOOTAGE

FROM

0

18.1

185

TO

18.1

185.0

300

DESCRIPTION

Overburden

Massive, medium grained, pinkish gray and grayish pink
hornblende syenite

44 - 45 foliated
115 - 116 breccia
139 - 140 breccia
150 - 155 highly fractured and broken core
155 - 185 lost core
185 - 186 highly fractured

Several sections pink (K enriched?)
Veinlets of hematite associated with pink sections
Rare disseminated chalcopyrite
Occasional basic clots

Speciments 32' ordinary hornblende syenite
75' hornblende syenite -f hematite veinlets and

K enrichment

Massive, medium fine grained, gray-green diorite
Several sections brecciated. All brecciated sections have hematite
veinlets and K-enrichment. Balance has saussuritieed feldspar and
ankerite

Much broken and missing core from 185' - 225'

Speciments 225' lightly hematized G K diorite
263' saussuritized diorite
294' heavily hematized s K diorite

SAMPLE

NO, SMH- FOOTAGE
FROM TO TOTAL

ASSAYS

Z X OZ/TON

J

Ĵ S

OZ/TO'I

J

/jdt*r T^^*

^

1

,
/r
\

V^

'y*~k
ftkrf



NAME OF PROPERTY 

HOLE NO. ———————. 

LOCATION .^——.——— 

LATITUDE -——————. 

ELEVATION 

STARTED —————.————,

Marquis
1-71

LENGTH

DEPARTURE

. AZIMUTH —-

FINISHED __

DIP

FOOTAGE DIP AZIMUTH FOOTAGE DIP AZIMUTH
urn F un. CMFFT no

BPMARKS

LOGGED BV

'

i
i

8t
l

I
1

FOOTAGE

FROM

300

310

330

369

371

379

TO

310

330

369

371

379

420

DESCRIPTION

Massive, medium fine grained, light pinkish gray hornblende syenite
Short sections K-enriched, near hematite. Short sections
saussuritized. Local disseminated pyrite

Specimen 309' hornblende syenite

Massive, medium fine grained, gray green diorite.
Much brecciated with syenite fillings. All saussuritiznd
K-enriched near hematite veinlets.

Specimen 329' diorite breccia with syenite, saussuitieed

Massive, medium fine grained, light gray-green hornblende syenite.
- Heavily saussuritized. Breccia sections with relict gray green
diorite

Specimen 352'

Massive, medium grained, salmon pink, K-enriched syenite with
hematite

Massive, medium fine grained, gray green diorite. Syenite
veinlets. Saussuritized.

Specimen 375' diorite

Massive, medium grained, pinkish green hornblende syenite.
Hematite-calcite veinlets, in one section plus breccia
specimen 401' hornblende syenite

SAMPLE

NO, IDES
FOOTAGE

FROM TO TOTAL.

ASSAYS

K K OZ/TON

1 ^

OZ/TON

ŝ^\
1

/^^

ij^-
tfk-jj
   i



NAME OF PROPERTY 

HOLE NO. ————————— 

LOCATION _________

LATITUDE ———————— 

ELEVATION ————^^— 

STARTED —————————

Marquis

LENGTH

DEPARTURE

. AZIMUTH ——

FINISHED ——

DIP

'OOTA6E DIP AZIMUTH FOOTAGE DIP AZIMUTH
REMARKS.

LOGGED BY .

f"

1 "
|.:

1 ' ii f t
^ tt
!? iQ

3v -* . -r-- -
t;l ;

1 -t.
it

Jj

ir -

t
s -
pv . 8•r t-
fc 2t j
|a O
f,' f

I S - ^

FOOTAGE

FROM

420

428

TO

428

573

DESCRIPTION

Sheared, light green hornblende syenite
2-3' broken G lost core

Syenite S Andesite

Syenite i Massive, medium grained, grayish pink hornblende
syenite. Hematite veins fi veinlets. Local pink
K-enriched

Andesitei Massive to slightly foliated, medium fine grained, gray
green. Veined G brecciated by saussuritized pale green
hornblende syenite. Hematite veining with localized
pink K-enriched.

428-447 andesite Specimens 436' andesite
447-450 syenite 44B 1 syenite
450-471 andesite 473' syenite G hematite G
471-481 syenite pink K-enrichment
481-521 andesite 540' syenite
521-529 syenite 572' andesite
529-536 andesite
536-545 syenite
545-673 andesite

END OF HOLE

SAMPLE

NO.

.

sh

"JlfeP
FOOTAGE

FROM TO TOTAL

ASSAYS

S * OZ/TON

A

OZ/TON

. t

rf ,

^
C 
Z&-/fa #*



RECEIVED ^'' H0b

JUL O W /l

LANDS ADMINISTRATION BRANCH

AREA CODE 416-TORONTO 
OFFICE 881-1865

ILFRED WALKER RESIDENCE 881.1866

CONSULTING GEOLOGIST

1974
Z2B BAYVIEW FAIRWAYS DRIVE 

THORNHILL, ONTARIO

900

June 27th, 1974

Mr. J. R. McGinn
Lands Administration Branch
Ministry of Natural Resources
Whitney Block
Room 1617
Toronto, Ontario
M7A 1X1

Dear Mr. McGinn:

RE: Alteration-Mineralization
Studies - Marquis Explorations Ltd. 
Claim 5284572 et al Genoa and Eric 
Townships File 2/40 F i^c 3 - IN OS"

You may wish to alter "Benefication" in your letter of May 30th 
to "Alteration-mineralization". There is a major difference 
between the two terms. Benefication, to the best of my knowledge 
means upgrading of metal content during processing. Alteration- 
mineralization zoning is a phenomenon which commonly forms part 
of porphyry copper bodies and can be used as a guide to exploration,

In the latter context, rock samples from outcrops were collected 
by the claim staker and plotted, on a sketch, a reproduction of 
which is in your possession. The cut line grid was cut later 
and forms a basis for subsequent work, plotted at an appropriately 
larger scale, but as the grid was not available to the claim 
staker, we have no more precise location for the samples. You may 
therefore, with us, consider the staker 's sketch of sample location 
as having a scale appropriate to the precision of his locations. 
Dr. Guilbert's report may be summarized as follows:

The accompanying copy of a figure from Lowell and Guilbert (Econ. 
Geol., July 1971) is the model which shows alteration and 
mineralization in a porphyry copper deposit. At the Marquis 
property there are propylitic and argillic zones, so comparing 
with the model. Guilbert notes this is encouraging, and that 
the "hottest" spot is also where sulfides are reported, both 
pyrite and chalcopyrite. The geometry is more elongate than 
subcircular , and in this Gaiilbert draws comparison wi'th Endako.



2 -

The alteration-mineralization zoning identified by Guilbert 
compares well with the zoning of induced polarization phenomena. 
These two types of zoning complement each other as a guide to 
exploration.

Dr. Boutcher's conclusions (p. 3) form an admirable summary of 
her report on drill core from hole 1-71:

"The conclusion to be drawn from the above description seems 
to be that alteration zonation of the type typically found associated 
with porphyry copper deposits is not present in these rocks. The 
only typically propylitic alteration is very slight and restricted 
to three specimens. Although epidote and chlorite are common 
constituents of the propylitic zone in porphyry copper deposits, 
they typically occur as alteration products of feldspar and 
original ferro-magnesium minerals, rather than as the result of 
metasomatic introduction of new materials, which they appear to 
represent in this case. Hematite, which is abundant in this 
sequence, is not a typical mineral in porphyry copper deposits; 
sulfides, which are typical opaque minerals found associated with 
these deposits, were not identified in this series of rocks, 
even in trace amounts. The complete lack of any sort of pattern 
of increasing alteration, or change in alteration type, with 
increasing depth provides additional negative evidence against 
the presence of porphyry copper type alteration. On the basis 
of the evidence from this drill core therefore, there is no 
evidence to suggest that porphyry copper type deposits might 
be found in the vicinity of the drill hole."

I trust this information meets your requirements.

Ypurs faithfully,

WW/bm Wilfred Walker 
F.G.A.C., P. Eng.
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Ontario

Ministry of
Natural
Resources

Lands Administration Branch, 
60 Wilson Avenue, 
Timmins, Ontario, 
February 11, 1974.

PECEIVED 
FEB 131974

PROJECTS UNIT

RfcCEIVKD

Fred W. Matthews, 
Supervisor, Projects Unit, 
Mining Lands Section, 
Ministry of Natural Resources, 
Whitney Block, Toronto. NOTIFICATION OF RECORDING 

OF ASSESSMENT WORK CREDITS

February 7/74Date of Recording of Work—

Recorded Holder Marquis Explorations Limited,
Suite 226, 67 Yonge Street, 
Toronto, Ontario. M5E U8

(address)

Township or Area ERIC TOWNSHIP

Type of Survey and number of 
Assessment Days Credits per claim

GEOPHYSICAL

Electromagnetic ................................................days

Magnetometer ...................................................days

Radiometric ......................................................days

Induced Polarization ......................................... days
on 

SECTION 86 (18) ..........7..7....................................days

GEOLOGICAL......................................................days

GEOCHEMICAL....................................................days

Man days CD Airborne CD 

Special Provision CD Ground CD

NOTICE TO RECORDED HOLDER

S] Survey reports and maps in duplicate 
must be submitted to the Projects Unit, 
Toronto within 60 days from the date 
of recording of this work.

CD Reports and maps are being forwarded 
to the Projects Unit with this letter.

Mining Claims

S-284591

•t'

Mining Recorder.

c.c.
Marquis Explorations Limited



Ontario

Ministry of
Natural
Resources

Lands Administration Branch,
60 Wilson Avenue,
Timmins, Ontario,
February 11, 1974. R EC E P/E D

FEB 131974 RECEIVED

Fred W. Matthews, 
Supervisor, Projects Unit, 
Mining Lands Section, 
Ministry of Natural Resources, 
Whitney Block, Toronto.

Date of Recording of Work

PROJECTS UNIT

MINING

NOTIFICATION OF RECORDING 
OF ASSESSMENT WORK CREDITS

February 7/74

Recorded Holder Marquis Explorations Limited,
Suite 226, 67 Yonge Street, 
Toronto, Ontario. M5E 1J8

(address)

Township or Area ERIC TOWNSHIP

Type of Survey and number of 
Assessment Days Credits per claim

GEOPHYSICAL

Electromagnetic ................................................days

Magnetometer ...................................................days

Radiometric ......................................................days

Induced Polarization ....................,.................... days

SECTION 86 (18) ............7....................................days

GEOLOGICAL......................................................days

GEOCHEMICAL....................................................days

Man days d! Airborne D 

Special Provision tZ3 Ground d

NOTICE TO RECORDED HOLDER

ftl Survey reports and maps in duplicate 
must be submitted to the Projects Unit, 
Toronto within 60 days from the date 
of recording of this work.

O Reports and maps are being forwarded 
to the Projects Unit with this letter.

Mining Claims 
S-284584,

S-284577-284579 incl., 

S-284591-284594 incl.

Mining Recorder. 

Marquis cfecplorations Limited.
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