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INTRODUCTION

The use of the heavy minerals in sediinentary rocks as a means for cor-
relation of stratigraphic problem is becoming more and more widespread in
recent years, especially in England and United States. Where the rock for-
-mations are scauty in fdssils or can not be correlated by fossils alone, the study
of the heavy minerals in such form-ationls is quite important and often gives
valuable informations- not only regarding the stratigraphic correlation but

also the source of the materials by which the rock formations are con-
stituted.

No critical result to the source of the mzterials can be obtained: unless a
thorough study on the heavy mirerals of the platonic igneous rocks in .the
vicinity of the sedimentary rock formations under consideration - is made at
ficst. In ordimary thin rock sections these minerals easily escape detection
due to their comparative scarcity with reference to the essential rock- forming
minerals. Heary B. Milner said It may be safely assumed that few inves.
tigators of igneous rocks according to strictly modern principles will be con-
tent to describe their fieldtypes merely from thin sectign in futore, and acces-

* Research work done with a fellowship of the Ching Foundation,
tion in June 1g32,
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sury minerals will receive that degrec of altention which their importance
nnquestionally merite. It is -equally clear thai delrital minerals, considered
primarily as accessary constituenis of ignecus rocks, and thus studied “*at the
source” are made do.fbly potent in the solution of problems which seek to
harmonize igneous and sedimentary activities at different geological epoches,
Only sach thorough investigation of parent-rock and contributed sediment,
can the full significance of any particular cycle of sedimentation be grasped.””

All these etfects .enable the writer in endeavour to undertake the study

of the heavy minerals of the zcid igneous rocks in the vicu:uty of W:scons:n,
Ul S A

The writer expresses his great indebtedness to P:of A, N Wmchell
Umvemty of Wisconsin, who gave many suggestions and cristicisms. Acknow-
ledgement is also due ¢o Dy. W. P, Ramles who furnished several croshed rock
samples,

GEOLOGICAL AG]-:s AND DISTRIBUTIONS OF THE ROCK Musms IN
THE VICINITY OF WrscoNnsIN, U. S. A. '

""All' the rock materlals under study belong to acld lgnecua rocks and
occur as’ isolated iatrusions in the central and northern parts of. the state. of
Wisconsin and in its ad]acent regions.- The geologlcal age.of these intrusions
is Archaean according to the report of the Wisconsin Geological Survey... Ex-
cept two among these intrusions all the others crop out as small mounds, Their
distribation js shown in the accompanying map. !n order to know the general
characters of the rocks a brief acconnt on edch of them is stated in the follow-
ing and is mostly based on the bulletm of the Wlsconsm Geo!ogwa.l Survey.

Ber]m rhyolite. This occurs in two small monnds rising above the general
level of the conntry. . The rock is compact, dense and of uniform texture,
The color. is grayisk black. Microscopic examination of the:thin sections of
the rock shows 2 fine crystalline groundmass of quartz and feldspar, thrun'gh'

which numeroua Iarge prophyritic crystala of feldspar and small flecks of
biotite are scattered.



Wang: - A Pelvographic Study of Heavy Minerals 427

Wausau grauite. It crops out over an area of manv square miles. Ita
color over this extensive area varies from gray through reddish brown to bril-
liant red. The mineralogical composition of the rock is composed of feldspar
and quartz with a very little biotite and hornblende. The grains are of me-
dium and comparatively uniform size. Iron oxide in the forms of hematite
and maganetite is present in all the varieties. The geological age is considered
to be pre-Cambrian. :

Waushara and Lohrville granites. These occur ag two small mounds not
very far from each other, Their petrographic characters are so alike that they
may be described together. The thin sections of these granites show that they
are composed essentially of quartz and feldspar in about go%. Hornblende,
muscovite, zircon and-iron oxide are the principle accessary minerals.

Mellen or High Bridge granite, It has 2 mixed pinkish gray color with
porphyritic texture in which the gronndmass is composed of feldspar, quartz,
biotite and hornblende, and the phenocrysts are mostly feldspar.

Montello granite. It belongs to the Huronian of Archzan age and is
situated near the village of Montello as an elliptical monnd about one third of
a mile-in length and 40 ft. high. It has a medinm grain with compact texiure
and a bright pinlci-sh color. I¢s constituents consist predominarntly of feldspar,
quartz and mica. : :

Endeavor granite. ' This granite is much similar in petrographic char-
acter with Montello granite. ’ :

Athelstane granite. This is a coarse gray grapite. Feldspar is the pre-
ponderant mineral constituent. Quartz is next in abundance, while biotite and
hornblende, although present in relatively iarge quantities, are least abundant,

Pike River granite. It isa fine grained gray granite. Its \m_ineralogical
composition consists mainly of feldspar and quartz. Biotite is & much less
abnndant constituent than either above, but is scattered in small flakes quolte
upiformly through the entire rock. Zircon constitutes the accdssory con-
stituent,

. St. Cloud aand Marquette granites. The former occurg as 2 pre-Cambrian
intrusion covering extensive area only next in size to Wausau granite while
the latter i3 also in considerable dimensions,
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Marquette rhyolite. This is situated a mile southwest of the village of
Marquette in a group of knobs vising abruptly <o to 150 feet above the sur-
rounding sandy and marshy plain. The mass of the rhyolite is dark reddish-
purple or dark purplish on the frash surface and dull reddish or grayish-red on
the weathered surface, The rock is mainly porphyritic with pickish feldspar
phenocrysts scattered through the dense dark groundmass but in some Jocali-
ties it becomes largely felsitic.

Waterloo quartzite. This is a bard, gray quartzite of Archaean age.
" GENERAL DISCUSSION OF THE PROBLEM UNDER STUDY.

The problem under study cousists of three questions.

I. Whether the heavy minerals of each igneons body is characteristic
of that roek?

2. After the heavy minerals of one sample from an igneous b.ody have
been analyzed, can another sample from the same igneous body be recognized
by the Heavy minerals alone?

3. When the heavy minerals of a series of igneous bodies in one.or two
regions bave been studied, do they show any relation to the magmatic pro-
vinces and any similarity agreeing with their geographical distributions?

To solve the first question it is necessary to separate the heavy minerals

of different igneous bodies and to stady them whether they are different for
different rock bodies. .

For the second question two samples from the same rock body are taken
but they are distant apart, then heavy minerals of each are examined and
compared. :

As to the third question a comprahensive study regarding the heavy
minerals of the igneons bodies in the vicinity of Wiscousin are carried out and
an attempt is made to group such igneous bodies according to their character.
istic heavy minerals or chemical elements.

LABORATORY PROCESSES

Sampling: ‘The general rule of sampling in the field is in endeavor to
collect the fresh outcrop and to avoid as far as possible the weathered materials.
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In order te get a comprehensive sampling, the collection should be made at
ceriain chosen intervals both along horizontal and vertica! dimensions, The
quantity of each sample should be large enough for laboratory worsk, for ex-
ample, at lecast one kilogram. When a Iarge number of samples is undertaken,
careful systematic labelling is very important for avoeiding confusion. The
general rule is to put a label inside the sampie-container aswell as on the out-
side and to make the labelling as soon 2s the samples are collected.

Cms)’iz'ng of samples: It is desirable thar before crushing the samples
_some thin sections should be prepared for microscopic examination. Under
this head a careful record on the mineral composition, size and shape of the
constituents, and texture etc. should be made as detailed as possible. All the
samples used for study in this paper are mostly collected from those quarries
wiwre the Geological Survey of Wisconsin has published a series of papers re-
garding their rock character and compnsition. Itjs. therefore, not neces:
sary to make thin slice examination under these special conditions. .

"To crush the rock samp!c the first stdp is to break it into sinall pieces
with a heavy hammer. The size of these small fragments is usually less than
half inch. After putting some of the broken material into 2 steel mortar, it
is treated by pounding but never by grinding, with a steel pestle. The amount
of material treated each time in the mortar should not be more than a few
fragments to prevent the easy formation of rock-flour. When the pounding in
the mortar has been carried out about ten to twenty sharp blows, the crushed
material is first treated to pass a 30 mesh sieve to prevent overpounding. The
left unpassed material is pounded again in just the same way until all the
material opce put in the mortar passes through the- 30 mesh sieve, New
fragments are then added into the mortar and the same prbcess of ponnd-
ing goes on,

When all the broken fragments have been in operation, the grain material
which passed through 30 mesh sieve is pbunded again in order to pass through
a 65 or S0 mesh sieve. DBy the writer’s experience the 8o mesh sieve is especi-
ally recommended in those cases in which the rock contains a large amount of
biotite or hornlende. These minerals are usually nearly opaque under micro-
scope when their grains pass through the 65 mesh sieve. An additional zoo
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mesh sieve is sometimes useful to eliminate the very fine material which is too
small to identify under microscope. Such a sieve when used in operation is just
placed under the 63 or 8o mesh as a receiver and thus worked at the same
time. If the sieves when in operation get chocked up with fine material,
some sharp taps upside down on the floor are necessary.

Papning: It is desirable that the sample sifted as above is weighed with

a balance. The most suitable quantity of sample foi'_separating the heavy

minerals from igneous rocks is from 300 to 500 grams, according as the rock

is rich or poor in such minerals. The weighed material is now treated under

panning. A little amount of the material is poured into a seven-inch evaporat.

ing dish. This dish is then [illed with water which is stirred, allowed to settle

"the mineral grains and poured off. The process may be repeated until the
liquid scanted is clear. The dish is next placed under a gentle running water
and continually given a rotary and to-and-fro motion swirling the lighter
constituents and alternative with scantation of such constituents until a

desirable residue is left. The heavy residue is nsnally indicated by black
grains. It is then moved an a piece of clean paper and another fresh material
is now carried out. When all the material has been treated the concentrated

residue i3 driedon a hot plate and weighed again. The suitable weight of
residue is about 1o gr.

Heavy liguid separation: 1If the mineral grains in the concentratcd
residue are suspected to be contaminated by any authigenous material they
may first be boiled in a 50 percent solution of hydrochloric acid, the bkeavy
minerals being uneffected in practically all cases by this treatment. After
boiling the material should be washed thoroughly and dried. For the samples
of igneous rock this step is often unnecessary for the character of the ‘minerals
is generally not masked by secondary materials.

The heavy liquid most commonly unsed, is acetylene tetrabromoethane
having a specific gravity 6f 3.0. One kilogram of this liguid is genmerailly
sufficient for common work. It can be obtained from Kodak photo Co., New
York and is very expensive about $27 gold a kilogram. The first step of the
separate process is to fill with the keavy liquid a tunnel equipped with rubber
tubing and pinch clip. The concentrated residue is then poured off uniformly
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on the upper surface of the liquid which is afterwards frequently stirred with
a glass rod and allowed to stay about one hour in order that a separation may
be complete with all the grains whose specific gravity is greater than 3.0,
sinking down into'thg stem of the {unnel. The heavy grains will be collected
on a filter paper below, when the pinch clip is loosentd to make the attached
rubber tulbe open. The liquid passing through the filter paper should be care-
fully kept for storage. The [ilter paper is usually folded into a fan shape
before its putting on the funnel. The {iltrate or heavy- residue is thoroughly
washed at least three times with carbon tetrachloride to remove all the traces
of tetrabromoethane, subsequently dried on 2 steam basin and weighed.

Magnetic separation: 1n case there is a notable quantity of strongly mag-
netic minerals such as iron oxides in the heavy residue, they often give much
trouble to the slides when mounted. They are thus expected to be separated
out in advance. The process is usually accomplished with a horse-shoe magnet
whose poles are enveloped with a thin sheet of paper in arder to easily relieve
the attracted mineral particles when the magnet poles are withdrawn from the
envelope. Pour the heavy residue into a thin layer on a clean paper and then
keep the enveloped magnet moving over it but not ip contact. Relieve the
strongly magnetic minerals on another paper from time to time until no more
minoeral is in attraction. In avoiding any non-magnetic heavy minerals brought
by the strongly magnetic minerals on the last paper, repetition of the magnetic
process is usually necessary and the final heavy minerals are then weighed
again. - :

Sometimes it is, however, found that the separation with the above
treatment is still imperfect and a certain amount of lighter minerals such as
quartz and feldspar is. mixed up with heavy grains especially when the con-
centrated residue is rich in iron oxides. In such case a repetition of separation
with heavy liquid often gives a satisfactory resnlt, but sometimes the repetition
process can not be carried out readily uoless the heavy iron oxides have been
extracted in advance. As an illustration, in the sample of Wausau granite the
heavy residue obtaiped from the first separation with heavy liquid weighs
about o.1504 gr. after extraction of the strong magnetic minerals and is re-
duced to 0.0916 gr. during a 2nd separation with about 0.0588 gr. of lighter
minerals removed. :
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In case there is a great deal of pyrite in the heavy residue, which is of
little diagnotic value for the research purpose and only tends to confuse the
slide examination, rhe heavy residue should be treated with nitric acid and
put iuto an evaporﬁting dish which is covered with 75 percent solution of
nitric acid., When there is difficulty in removing the pyrite, agua regia may
be used instead of nitric acid and often gives a clear result. Affer the nitric
‘acid treatment care must be taken in washing the sample to keep the filter
paper saturated with water to prevent its being eaten.

Mounting of keavy minerals on slides: The suitable size of the slide glass
is 25 by 45 mm and that of the cover glass is 22 mm square. The convenient
balsam is the balsam dissolved in xylol held in tubes. Before mounting, both
the glass slide and cover glass must be made clean. Put a convenient araount of
heavy grains on the slide glass which may be spreaded evenly with a mounted
needle. Next a necessary quantity of balsam is paured over the heavy grains
and the slide is then moved on a medium warm hot-plate adjusted on low heat.
In case the balsam’is being cooked on an over-heated hot plate, the heavy
grains should be stirred in keeping their uniform distribution at the beginning
time when the balsam becomes moving fluid and flows towards the edges of
the slide. To test when the balsam will be cooked enough on the hot plate, a
tiny drop of balsam from the heated slide 1s {requentiy taken with a mounted
needle and tried oa an iron plate until it becomes so brittle on cooling that
the crushed particles may fly away when'a pressure is engaged on such drops.
Now remove the slide from the hot plate and place it on an won plate. Put
one edge of a cover glass into the outer portion of the cooked balsam, and then
place the slide partly on the rim of the hot plate. As the balsam softens the
cover glass will sink down and be gradually in contact with the balsam from
one side to the other when the shide is at the same time gradually pushed into
the inner part of the hot plate. In this way all air-bubbles may be expelled,
Remove the slide on the iron plate again- and press the cover glass down
firmly and hold it until the balsam has hardened.

In cIeaning the slides the major part of excess balsam can be removed
with a knife, care being taken not to pry the cover glass off. The remainder
of the balsam can be removed with acetene and a.piece of white cloth.
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In general four slides are mounted for each saimplc, in which three belong

to the normal heavy minerals and one to the strongly magnetic minerals
extracted by magnet,

DETAILED PETROGRAPHIC DESCRIPTIONS OF THE-

HEAVY-MINERAL SLIDES.
I. Berlin rhyolite, Wis.

Weight of crushed material passing sieve (65 wires to the linear inch)
231.4256 gr.

Rock-flour left after panning————8.4386 gr.

Weight of mineral grains with sp. gr. >>2.go=0.8402 gr.

Perceutage by weight of heavy minerals in rock=0.3 9%,

Weight of mineral grains with sp. gr. >2.90 after the extraction of the strongly
magnetic minerals by magnet=o0.4042 gr.

Percentage of strongly magnetic minerals in proportion to other heavy mmerals
" =518 %. '

Fluorite: This is identified by its negative relief, isometric character,
and irregular angular shapes. The color is generally white with a few pinkish
to yellowish fragments. Octahedral cleavage is sometimes distinct. Inclusions
~ are plenty with 2 great diversity of anisotropic minerals.

Biotite: It is in yellow fragments or in lamellar plates. The optic plane
normal to the basal cleavage is characteristic. The strong pleochroism from

yellow to opaque is a useful datum for identification. The miineral is some-
times partially altered to chlorite.

Chlorite: This is represented by nearly opaque fragments which under
cross nicols show distinct ultra blue interference color along their thin edges.
The green color and pleochroism are also visible especially along the thin edges,
Ne distinct interference figure is obtained to determine the optic sign. But
from what the -characters have been observed, the mineral most probably
belongs to peoninite. Besides pennirite, some other varieties which show
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distinctly bright interference color, are probably due to the transition species
from biotite to chlorite,

Generally speaking, there are two probable sources of deviation of
chlorite. One is from the alteration of biotite as shown before, the other from
feldspaf. Some minule fragments of chlorite are visibly distributed in ortho-
clase in more or less parallel arrangement.

Iron oxides: Magnetite and hematite both occur in irregular fragments.’
In reflected light they arecharacterized by bluish gray and red colors.
The percentages by volume pf the mentioned minerals are as the follow-
ing:— o
Tron oxides Fluorite Chlorite Biotite
74.8% 4.5% - 9-3% 1.2%
If only the percentages of those heavy minerals other than iron oxides
are in consideration, they are as iollows:— _
Fluorite " Chlorite Biotite
57.8% 37:2% 4-9%
II. Wausau granite, Wis,
. No. 14
Weight of crushed rock material passing sieve (65)=312.6446 gr.
Weight of mineral grains after panning—4.958z gr.
Weight of mineral grains with sp. gr. >2.60=0.7742 gr.
Percentage by weight of heavy minerals in rock=0.2%,

Weight of mineral grains with sp. gr- >z2.go after extraction of strongly magnetic
minerals and after the 2nd separation by heavy liguid=0.0916 gr.

Percentage of strongly magnetlc minerals in proportion tec other heavy
minerals==87.1%, )
Fluorite: This occurs as irregular angvlar fragments. The color varies
from colorless to pinkish or yellowish shades. Some fragments unevenly dis-
tributed purple color is sometimes observed. Octahedral cleavage may be
visible. Inclusions of iron oxide are very common. High negative relief and
isotropic character are hoth characteristic. :
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Malacon; A few white to yellowish corroded anhedral crystals exhibit
positive high relief with low interference color. Elongation is positive and
extinction parallel. Prismatic forms with imperfact pyramidal faces are occa- -
sionally observed. This mineral is probably malacon derived [rom the alteration
of zircon, but the alteration process is so complete that no primary zircon can
be identilied.

Biotite: This is in yellow brown or dark fragments. Pleochroism is strong,
When the vibration direction of the polarized light is normal to the lamellar
basal cleavage, the color is yellow brown and, while the vibration direction js
parallel to the cleavage, it is dark. The shape of the fragments is both angular
and irregular. Sometimes the mineral is hardly to be recognised due to its
darkness.

Chlorite: The shape of the fragments of chlorite is nearly the same as
that of biotite. It is probably an altered product both of hornblende and bio-.
tite. It can be identified by its predominant green color, low birefringence and
weak pleochroism. The vibration direction of light normal to the cleavage
gives yellowish green color and thaf parallel to the cleavage exhibits dark
green shades,

Titanite: So far as observations go on in the slides in hand, there is
one fragment of brown mineral with very high refringence and strong birefrin.
gence, which probably belongs to titanite. The optic character of the mineral
can not be thoroughly identified, :

Magnetite: This is the most abundant opaque mineral, The Iragments
are generally in irregular shapes,

Pyrite: The shape of the pyrite fragments is the same as that of magne.
tite. The mineral is nsually partially altered to hematite. In reflected hght the
yellow spots of pyrite are generally mixed up with the red brown colors of he-
matite.

The percentages by volume of the above non-opaque minerals are ag be-
low: ’
Slide No. 1:—

Fluorite Chlorite (hornblende) Biotite Mala.tcon Titanite
40.6%, 42.7% 15.8%, 0.8% Little
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Slide No. 2:—
Fluorite Chlorite {hornblende) Biotite

Malacen Titanite
47.1% 49.1% 2.7% 0.9
Slide No. 3:—
Fluorite Chlorite (hornblendej Dintite Malacon Titanite
54-9% 37-8% /o 2.1%,
Average;— -
Pluorite Chlorite (hornblende)  Biotite  Malacon  Titanite
47.5% 43.2% ». 8% 1.3% little
If chlorite and biotite are counted as one ‘unit, the percentages are:—
Fluorite Chlorite & Biotite (Hormblende} Malacon  Titamite
475% 51% 1.3% Little

Wansau granite

Dr. Raule’s sample.

Weight of crushed material passing sieve (-80) = 164.2856 gr.
Weight of mineral grains after panning - 5.1318 gr.
Weight of mineral grains with <p. gr. > 2.90 ~  0.5506 gr.
Percentage by wieght of heavy mineral in rock =  0.3%,

Weight of mineral grains with $p. gr. > 2.90 alter extraction of strongly mag- .
netic minerals=o.2174 gr,

Percentage of strongly magnetic minerals in proportion to other bheavy minerals
- =60.5%,

Fluorite: It is colorless or shows irregularly distribnted pinkish color.
Iron oxide, probably hemitite, is usually included as inclusions,

Hornblende: It mostly occurs as anhedral opaque crystals, though the

thin edges of such fragments are often transparent and show distinct green
color. It is sometimes altered into chlorite.

The pleochreism as shown by a few grains is:—Z=deep green; X=ryellow.
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Biotite:. Brown biotite with strong pleochroism and showing parailel
extinction is also recognised.

Zircon: This occurs as tabular crystals sometimes with perfect terminated
pyramids, usually showing distinct yellow color or altered to malacon.

Slide No. 1i—
Fluorite Hornbiende & Chlorite Biotite Zircon Titanite
40.6% 47.2% 9-1% 2.8% '
' Slide No. 2:—
Fluorite Hornblende & Chlorite Biotite Zircon
50% 4% _ 8% 2%
Slide No. 3:—
Fluorite Hornblende & Chlorite Biotite Zircon
38.6% | 49% 0.4%  18%
Average:—
Fluorite Hornblende & Chlorite Biotite Zircon
43.1% 45-4% 9.3% 2.2%

It hornblends, chlorite and biotite are counted as one umnit, the percent-
ages are as_ below:—

Tluorite Hornblende, Chlorite & Biotite Zircon
43.1% 54-7% : 2.2%

Wausau gramnite, Wis.
No. 16:—
Weight of crushed rock materials passing sieve (65) — 313.6636 gr.
Weight of mineral grains after panning = T0.1296 gr.
Weight of mineral grains with sp. §. > 2.90 = 0.5858 gr.
Percentage by weight of heavy minerals in rock = 0.18%

Weight of mineral grains with sp. g. > 2.go alter extraction of strongly mag-
netic minerals and after the znd separation by heavy liquid=n.x092 gi.
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Percentage of strongly magnetic minerals in proportion t¢ other heavy
mirerals==8r 39/,

Slide No., 1:—

Fluorite Chlorite {hornblende) Biotite Malacon Titanite
q1.9% 53.1% - < 2.5% 1.8%, little

Shlide No. 2:—

Fluorite Ch_lorite {hornble.nde) Biotite Malacon Titanite
42.6% 50.5% 49% 1.7%
Slide .No, 3:—
Fluorite Chlorite {hornblende} - Riotite Malacon Titanite
4%.7% 55.9% 2.3%

Average:—
Fluorite Chlorite (hornblende) Biotite Malacon Titanite
42.1%, 53.1% 2.5% 1.9% little

It chlorite and biotite are counted as one unit, the percentages are as
follows: =

Fluorite Chlorite & biotite (hornblende) Malacon Titanite
42.1%, 55.69} .9% | little

III. Wausharz granite.

Weight of crushed rock material passing sieve {65)=331.1696 gr.
Weight of mineral grains after panning=1I1.1474 gr.

Weight of mineral grains with sp.gr. > 2.g0 =1I.06gz gr.
Pereentage by weight of heavy minerals in rock=o0.3%

Weight of mineral grains with sp. gr. 2.0 after extraction of strongly
magnetic minerals—=o0.3262 gr.

Weight of'mineral grains with sp. gr. 2.90 after the 2nd separation=o.2752
gr.
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Percentage of strongly magnetic minerals in proportion to other heavy min-
erals=y2.g% ’

Fluorite: Tke color is purple or pinkish and usvually not uniformly
distributed. The shape of the {ragments is irregular a2nd angular. A notable
amount of iron oxide, most hema tite, usually occurs as inclusions in dendritic
forms. Other inclusions of gaseous bubbles are not uncommon. Penetration
twinning on (111) is present in some crystals. As in other slides the mineral
is characterized by pronounced negative relief and isotropic character..

Biotite: The fragments of biotite are generally dark greenish yellow to
pure yellow. Psendo.uniaxial interferemce figure is obtained in some basal
sections, Pleoc_hrpism is strong with X=yellow, Z=Y=dark greenish yellow,

and X< Z=Y. Basal cleavage usually gives the lameliar appearance in some
sections,

Chlorite: This occurs as green fragments. Pleochroism is very weak
with X—pale fellowish green, Z= Y = green. The absorption is X< Z=Y )
Relief is positive low and birefringence weak. No distinct interference figure

can be observed. The optic sign seems, however, to be negative as learned
from some obscure jnterference figures,

Zircon: It occurs in slender or square prisms usually terminated by
unit pyramids. Corroded forms are also present. The color is white grayish
or yellowish, Incluosions are not dominant, if any. The bireiringence in some
crystals is exceedingly weak, indicating the alteration of Zircon to malacon.

Pyrite: Angular fragments of .pyrite are recognised by their brass yvellow
to brownish yellow color in reflected light.

Magnetite: - 'I_‘hisi' gives silver gray to bluish gray in reflected light. The
shape of tne fragmants is very irregular without any outline of crystal forms.

The péfcel_:tages by volame of the above minerals in excluding pyrite and
magnetite are as follows:

Fluorite Biotite Chlorite Zircon

29.7% 41.4% 17.9% 10.9%
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IV. Lokrville granite.

Weight of crushed material passing sieve (—8o}=~ r42.2886 gr.
Weight of mineral grains after panning=5.3876 gr.

Weight of mineral grains with Sp. gr.2>2 9o=1r,2036 gr.
Percentage by weight of heavy minerals in Tock=—0.89

Weight of mineral grains with Sp. gr.2>2.90 alter the extraction of strongly
magnetic minerals=o0.2572 gr.

Percentage of iron oxides in proportion to other heavy minerals=748.6%,

Fluorite: This is mostly colorless though purple varieties are also pre-
sent. The shape is very irregular, varying from triangutar cleavage fragments
to somewbat perfect dodecahedral crysials. Inclusions are common and some-
times a corroded zircon crystal is eatirely enveloped in fluorite. The pro-

nounced negative relief and isotropic character are characteristic for the
latter mineral. ;

Apatite: Tt occurs as beautifnl prismatic crystals and sometimes minnte
inclusions are arranged parallel to its vertical axis. The white color, parallel
extinction and negative elongation are characteristic for this mioeral. Fur-
ther, the_moderaté relief and white gray interference color of the first order
are also useful for determination under microscope. The length of erystals
is generally about 0.12 mm. ;

Zircon: The prisms of zircon are all elongated paraliel the C axis. Bi.
pyramidal faces are sometimes well preserved but mosily more or less corrod-
ed. The color ranges from colorless to yellowish. Zoning is common. The
special feature of this zircon is the abundance of inclusions which are some-
times hair-like and not definitely arranged though a tendency more or less
parallel to the pyramidal faces, is obvious. Some bigger inciusions occasion-
ally form the ruclei of zircon crystals and show somewhat parallelism to the
vertical crystallographio axis. Partial alteration of the crystals into malacon
is mot uncommon and sometimes even _the whole crystal is entirely trans-
formed into the latter mineral. The size of the crystals is variable from c.o7
mm to 0.20 mm in Ifzngth. '
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Muscovite: This mineral is ideatified by its moderate relief, strong bire-
fringence, and optic plane normal to tke distinct basal cleavage. 1t is 1m
colorless fragments and the absorpticn is prominent with X<Z=~Y. Incla-
sions of iron oxide are abundant in seme fragments.

Penninite: In the basal cleavage flakes, ip_a!stinct psecdo-nniaxial in-
terference figure js generally visible, indicating the optic negative character:
All fragments are in green color and chiaracterized by their very low interfer-
ence color and moderate relief.  Pleockroism is perceptible though weak.

Corundum: This is generally in colorless irregnlar angular fragments.
Inclusions are plentiful and sometimes characterized by the derdritic form.
Basal parting is distinct. The wineral can be determined by its high relief,
low interference color {red of the 2nd order), parallei extinction, cegative
clongation and negatiye optic sign.

Biotiter The fragments of biotite are present in irregular forms. Iis
dark yellow color is generally usefui for identification.

Garnet: It is characterized by yellow to black in color, very high relief,
and isotropic character. The skape of the fragments is jrregular,

Galena: This is in cubic {fragments and characterized by the disfinct
cubic cleavages in two directions at right angles to each other. Io reflected
light the color is lead.gray.

Tron oxides: Magnetite and hematite aze both present as shown by their
gray and red colors and metallic luster in reflected light.

The percentages by volomes of the above minerals are as below: —

Iron oxides - Floorite Perninite Zircon
34.9% 37.3% 13.9% 5-5%
Biotite Galena Garnet Apatite Corandum
4.1% “ 1.5% 1% 0.5% 0.5%

Muscovite |

0.5%
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If the percentages are calculated excluding iron oxides, then they are:—

Fluorite Penninite . Zircon Biotite
57-3% 21.4% 8.5% 6.3%
Galena Garnet Apatite Cotrundum
2.3% _ 5% _ 0.7% 0.7%
Muscovite - '
2.7%

V. Mellen (High Bridge) graniie, Wis.

Weight of crushed rock material passing sieve (—65)= 279.378 gr.
Weight of mineral grains after panning=ro.724 gr.

Weight of mineral grains with sp.. Er.>2.90=3.6608 gr. -
Percentage by weight of heavy minerals in rock-:.t.3%

Weight of mineral grains with sp. EF.>2.90 after extraction of strongly
magnetic minerals=3 6182 gr.

Percentage of strongly magnetic minerals in proportion te other heavy miner-
als=r1.19%,

Hornblende: This is the most abundant heavy mineral represented. It
occurs in irregular angalar fragments or occasionally in tabular form elongated
parallel to C. Most fragments are nearly opaque due to their excess of thick-
ness. '

In a section normal to Y, ZA C=I5°.IPIeochroism is distinet with Z=dark
green, ¥ =pale green, and X=-yellow, and the absorption formula is Z>V S X.

Titanite: It shows a brownisk yellow color with very weak pleochroism.
Its angular fragments can be recognized by the high relief and very strong
birefringence, In convergent light, a section nearly normal to one optic axis
shows strongly rhombic dispersion with P>V, red color appearing on the con.
vex side of the isogyre and blue on the concave side. )

Zircon: It occurs as prismatic euhedral crystals yeilowish to colorless
and elongated paralle! ta C. Doubly terminated forms are fairly common; a
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{xoo) predominant; m (r10) subordinate; p (rrx) well developed. The peculiar

feature of the crystals i3 distinct zoning, and inclusions are also commonly
present. ‘

L}

Bictite: Tabular fragmenis of biotite can be distinguished from horn-
blende by its brown color, parallel extinction, and small optic angle.

Apatite: This occurs as prismatic fragments and can be identified by its
uniaxial character and weak birefringence.

Most iron oxides were extracted from the above heavy minerals before
~mounting on the slide.

The percentage by volume of the heavy minerals mentioned, as calculated
with Rosiwal method gives the Eollomng figures: —

Horoblende Zircon Titanite . Biotite Apatite
89-5% 51% - 3-8%. % - 04%
If the specific gravities of these minerals are assumed as follows: —Horn.

blende, 3.r; Zircon, 4.6; titanite, 3.4; biotite, 3.0; and apatite, 3.2; the per-
centage by weight of these minerals would be:—

Hornblende Zircon Titanite Biotite Apatite
- 80.2% 7-3% 1% 79% . 0.4%
VI. Monieio g(-an'ilc. -
Weight of c-rushed rock material passing sieﬁe (—65) 290.2616 gr.
Weight of mineral grains after panning = 8.658 gr.
Weight of mineral grains with sp. gr. >z.gol=r'.418 gr.
‘ Percenfage by'weight of heavy minerals in rock=0.4%

Weight of mineral grains with sp. gr. >2: go after extraction of strongly mag-
" netic minerals=o.5164 gr.

Percentage of strongly magnetic minerals in proportion to other heavy miner-
als=63.5%

This granite is very poor in heavy minerals. The only known species ex-
cept iron oxides belongs to flnorite and titanite.
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Fluorite: Colorless to piulkish in color. Mostly occuring -as angular

anhedral fragments. Indeed, this is the only abundant heavy mineral in the
rock besidey iron oxides.

Titanite: Itscoloris yellow to brown. Pleochroism distinct. It can
be recogrised by its high relief and interference color of high orders. Un-
centered interference figures obtained from some fragmental grains are usually
sufficient to show the biaxial character.. .:-

1f we count the number of mineral grains voder microscope, we get 18 of
fluorite in one slide avd 20 in anciher while only one grain of titanite is re-

presented in eack. In genmeral the grain of fluorite is bigger than that of
titanite.

Vil. Euadcavor grawie.

Weight of crushed rich material passing sieve (~65)= 339.2536 gr.
Weight of mineral grains after panninge 4.9842 gr.

Weight of mineral graing with sp. gr. >2.50=1.3844 ar.
Percentage by weight of heavy minerals in rock=0.49%

Weight of mineral grains with gp. gr. > 2.go after the extractior of strorgly
magnetic minerals=o0.1472 gr..

Percentage of strongly magnetic minerals in proportion to other heavy
minerals«=89.8%,

Fluorite: Itoccurs as angular fragmehts and sometimes with distinct
octahedral cleavages. Its color varies from colorless to .pinkish, but is here -
especially characteristic by some irregularly distribeted purple shades. In-’
clusions are abundani with a great diveisity of mineral varieties and those in
the pinkish or puqi!e fragments usnally belong to iron oxide, probably he.
matite. The dimensions of the fragments range from o.10§ mm by 0.I35 mm,
to 0.345 mm by o.225 mm.

Zircon: This consists both of euhedral crystals and anhedral fragments.
Its color is yellowish or colorless and some fragment is nearly opaque. The
special feature is that most crystals are more-or less corroded after their for-
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mation and perfect doubly terminated pyramidal erystuls as often observed in
other rocks, are rare. Inclusions are plentiful. The lengths of the erystals
are generally from o.075 mm. to 0.x80 mm.

Chlorite: There are some green minerals usuzily opague near the central
parts of the fragments with distinct pleochroism from dark green to yellowish
green. These minerals probably belong to chlorite as the relie! is moderate

and the birelringence is weak. No distinct interference figure is obtained so
far as we go,

Titanite: Ooly one fragment identified as titanite, is present in the
slides under study. Tt is recogrised by its high relief, very strong birefrin-
gence, and its positive uncentered biaxial interfereunce figure. Axial dispersion

is distinct and the optic angle as estimated from the curvature of the isogyre
of the partial centerea figure, is abousx 30°.

Iron oxides: Some opaque minerals occurring as angular fragments and
showing distinct metallic luster and bluish black to silver gray color in rgflect-
ed light, are determined as magnetite, while others which exhibif gray white
color in reflected light, are treated as ilmenite and leucoxene. Still others
giving red-brown color in reflected light, are considered to be hematite.

Iron sulphide: The angular frag:ments of pyrite are recognised by their
brass yellow color in reflected light. The- presence of this mineral with a
certain amount of chlorite indicates that the rock under study has suffered
some influence of hydrothermal solution, though the pyrite may also be taken
as a primary mineral crystallized just as the other mineral constitnents during
the normal course of the consolidation of the rock. -

The percentages by voltme of the minerals mentioned, are shown below:—

Fluorite - Iron oxides & sulphide Chlorite
'36.89% 51.8% 7.7%
Zircon Titapite
32% 0.4%

If we exclude the iron oxides and sulphide into the percentage, we get
the following figores: — .
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Fluorite Chlprite Zircon Titanite
76.4% " 15.9% 6.6% 0.9%

VIIL. Aihelstane granite:

- Weight of crushed rock material passing sieve (—8o0) = 193.16 gr.
Weight of mineral grains after panning = 10.8176 gr.
Weight of mineral grains with sp. g, > 2.90 == 2.3344 gr.
Percentage by weight of heavy minerals in rock = 6.19%,

Weight of mineral grains with sp. g. > 2.90 after extraction of strongly mag-
netic minerals by magnet = z.1322 gr.

Perceutage of strongly magnetic minerals in proportion to other heavy miner-
als = 8.69%

Apatite: This is in prismatic crystals but the. terminated faces are not
well developed. The crysfals are generally colorless or partially yellow due to
the inclusions of iron oxide and mostly bigger than those as wsnally observed
in other slides. Inciusions are common and usually arranged parallel to or
along the vertical crystallographic axis. The high relief, low interference colo
and prismatic crystal forms are useful for recognition under microscope. The
lengths of the crystals vary from .33 mm. to 0,15 mm.

Titanite: It occurs in irregularly angular shapes and is generally color-
less or yellowish brown. The relief is very high and the interference colors rise
up to.white of the higher orders. Most fragments give partial optic axial inter-
ference figures. When a section normal to the acute bisectrix is [ound, the
positive biaxial character is well shown and the optic angle is estimated about
30°% Rhombic dispersion with red color on the convex side of the isogyre and
bluc on the concave side is very distinct. In plane polarized light with crossed
nicols a perfect extinction is not obtained and the lowest interference color is
bluish _graj. Cleavage is sometimes visible, but pleochroism is imperceptible.

Zircon: The color of zircon is grayish yellow to brown and its shapes vary
from perfect prismatic crystals with bipyramidal terminations to longitudinal
crystals with irregular ends, Zoning is common. Inclusions are afundant or
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form networks in the crystals. The high relief and strong birefringence with
distinct erystal habit make zircon to be easily identified. Alteration of zircon

to malacon is occasionally present The length of the crystals is from 0.38 mm
to'0.15 mm. o

Fluorite: It -shows distinct ne'gatiﬁe relief and remains. dark under
crossed nicols. The shape of the fragments is angular and very irregnlar. The
color is generally pinkish and the occasional presence of irreguolarly distributed
purple color is characteristic. Inclusions of anisotropic mineral grains are
sometimes present. ' ‘ ' -

ﬁornblende: This is .mostly in é;reen and yellowish fragments which ere
irregular and angular. The relief is moderate and the interferenee .color is
high. Prismatic cleavage is distinct. Pleochroism i is distinct with X = yel.low,
Z == dark green, y = pale green and X <Y < .6

Biotite: This is generally in yellow and dark iragments. The shape is
the same as chlorite but the interferenc color is exceedingly high and the plec-
chroism is stropg with X — vellow, Z=7Y == dark, and XZ =Y, The
cleavage fragments show parallel extinction and the basal flakes give psendo-
uniaxial negative interference fig ures.

The percentages by volume of the minerals mentioned are as below.—
Apatite - -Titanite - Zircon Floorite "Hornblende . Biotite
4.1% 6.4% " 98% . 13% 66.4% 11.9%
IX, Pike River granite.
Weight of crushed rock material passing through (—6s) sieve = 2fi0,4624 gr.
Weight of mineral grains aiter panning — 12.6478 gr.
Weight of mineral grains with sp. g. > 2.q0 = 0.7910 gr.
Percentage by weight of heavy minerals in rock « 0,3%

Weight of mineral grains with sp. g. > 2.go after extraction of strongly mag-
netic minerals — 0.742z gr.

Percentage of strongly maguetic minerals in proport:on to other heavy miner-
als = 6.19%,
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Biotite: This is the most abundant heavy mineral in the clice. Its iden-
tificatton depends upon its browr color, stropg absorption, parzllel extinction
and small extinction angle, the last being only about 3° by estimation. When
the fragments are so thick that they nearly become opaque, only their thin
edages, if any, are used for recognization.

Hornblende: This mineral is distinguished irom bLiotite by its pre-
dominznt green coulor. Prismatic cleavages are usually well represented. An
extinction angle measured from these cleavages on one fragment is about 22°,
bat this is not the maximum one for no centered interference figure is obtgined.

"The pleochroism in the prismatic section is generally ranged from green to
vellow. '

Epidote: Occurring as eubedral crystals, it can be recognised by its
‘high relief, strong birefringence and distinct pleochroism generally colorless
to greenish yellow. So far as the mineral grains are examined in the slices’
under study, no centered interference figure is obtained but there is one
uncentered interference figure with its centre at the edge of the field of view
which seems sufficiently to show the negative biaxial character ¢f the mineral.
Learned from the straightuess of the isogyre, the optic angle is probably larger
than 70°, Dispersion is obscure due to the wanting of centered figure.

Zircon: Euhedral crystals with doubly terminated pyramids are com-
mon. Color is yellowish. Zoning is predominant. It is a striking fact that
the jnterference color in these crystals seems especially low, though- every
other aspect is al! like zircon. Lengths of crystals are measured as from
0.I2 0m to 0.225 mm. .

Garnet: This is represented as aogular fragments colorless to yellow in
color. Its identification depends mpon its positive high relief, vitreous luster
and isometric character. Inclusions aré common. A few fragments some-
times show more or less gray interference color of the 1st. order.

Apatite; The prismatic crystdls ‘usoally give well centered flash inter-
ference figure for recognising thelr negative optic character. The high
refringence and low birefringence not giving the interference color above white
of the 1st. order, are characteristic of this mineral. Lengths of crystals are
usually from 0.12 mm to 0.195 mm.
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Topaz: It is colorless with abundant {luid or gas cavities. QOnly one
anhedral fragment is recognised in the slices under study. It is determined

by its high relief, low interference color scarcely rising over yellow of the 1st.
order and biaxial character.

The percentage by volume of the above 'minerals as calculated with
Rosiwal method is as the following: —

Biotite Garnet - Hornblende Epidote
93% % 2.1% 1.9%
*Zircon Apatite Topaz Chlorite?

I.4% . 0.4% 0.2%

X. St. Cloud gramite.

Fluorite: This occurs mostly as colorless (a little pinkish) fragments,
though irregularly distributed purple fragments are also present. Inclusions
are generally few, bat in certain crystals they are notably plentiful. In the
latter case the nature of the inclusions varies greatly and sometimes they are’
minute iron oxide, probably hematite, or bigger grains of transparent aniso-
tropic minerals, Cleavage is not very distinct.

Topaz: The fragment of topaz is colorless and in parallel polarized
light much like fluorite in certain physical features. The basal cleavage ia
generally invisible, but the mineral can be recognised by its low interference
color and positive biaxial character. Tkhe optic angle is about 60° as estimated
from the curvature of the isogyre of the optic axis figure. Dispersion and
pleochroism are both imperceptible. Colorless inclusions of anisotropic
minerals are commaon,

Muscovite: Being colorless to a little pale colored, it is somewhat diffi-
calt to be distinguished from topaz in the same slide. The most common
fragments of muscovite are the basal cleavage flakes in which the difference
of Nm and Ng is only about 0.006 while the birefringence of topaz is about
0.0095. Fortunately, the basal flake of the former generally gives well centered
acute bisectrix interference figure and as such the nature of muscovite can be
determined by the much smaller optic angle of about 40° and the negative
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optic character, In addition, the relief of muscovite is a little lower than
that of topaz and the interference color of those sections other than the basal
flakes is higher. No dispersion is recognisable and pleochroism is weak from
colotless to yellowish. Inclusions are sometimes abundant amd in a great
diversity of mineral varieties. -

Titanite: It occurs as yellow fragments. As the shape of the fragment
is irregular and centered interference figure is generally not observed, this
mineral may fail to be distinguished from xenotimite in ordinary mounted
slides, But if a few graius of both minerals are immersed in a liquid whose
index is about 1.74, xenotimite will have one index higher than 1.74 and the
other lower, while the indices of titanite are all higher.

Xenotimite: It occurs as colorless or yellowish [ragments ranging from
corroded grains toirregnlar angular shapes. Prismatic crystals with perfect
{rro) faces and terminated pyramids are also present. The mineral can be
identified by its high relief, very strong birefringence, and positive uniaxial
character. The occasionally distinct (110) cleavage is the only fact with which
it is characteristic from cassiterite. Another different optic character between
xenotimite and cassiterite lies on the lower refringence of the former, but this
is not always available for differentiation in common mounted slides, unless a
hiéh ‘refringence melt is specially prepared. Inclusions are common and
sometimes belong to a lot of minute dots of iron oxide. '

Zircon: Colorless to yellow in well vertically eloﬁgated prisms. Pris-

matic cleavage sometimes very distinct; which is a special feature for this
zircon, ‘ ‘

Malacon: Most zircon crystals are altered into the hydrous mineral
malacon, which usually gives much lower interference color of brown of the
_ 1st, order in the slides. The refringence is also much lower, but the crystal
form of zircon is still well preserved. Inclusions are abundant but their natgre -
is mostly obscure due to the advanced process of alteration. The lengths of the
crystals range from o.r mm. 0.3 mm.

Chlorite: ~The fragment of chlorite is grass green in color and pleochroism
is imperceptible. “The refringence is notably high but the birefringence is very
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weak, the interference color being nearly dark in crossed nicols. No inter-
ference figurs is visible due to the exceedingly low birefringence.

Biotite: The (ooI) cleavage flakes of biotite show a general dark yellow
color and often give a well centered negative acuts bisectrix interference
figure. - Pleochroism is strong: X=light vellow, Z=Y—dark yellow. The
absorption formula is Z=~ Y >X. Basal cleavage is very distinct in the sections
parallel to X.

Apatite: It is in colorless prismatic evhedral crystals. Its moderate
relief and negative elongatio_n are characteristic, but the interference color
generally gives yellow of the rst. order and is thus somewhat higher than usual
as observed in other rock slides. There are some inclusions ot xenotimite
arranged parallel to the ‘vertical axis.

Chloritoid: This occurs as blue erystals. Pleochroism is distinctly blue
to light yellowish blue. Relief is high and birefringence strong, Though no
centered interference figure is obtained in the slides, the biaxial character of
the mineral is well shown in some partial interference figure,

The abundance of chlorite with Chloritoid which is only notably generat-
ed in metamorphlc rocks, indicates that the vock under study has sulfered
intense hydrothermal alteration either during or after its consolidation. Most
crystals of Zircon are changed into malacon probabli* due to the same effect
and as such the process of alteration from zircon to malacon is here well proved.

The percentages by volume of the mentioned minerals are shown below: —

Fluorite Topaz Muscovile Xenotimite & titanite Zircon
12.4% 3.1% 6.2%, 12.6%, 0.6%

Malacon Chlorite Biotite © Apatite Chloritoid
52% 69% . 52% 0.5% - 0.3%

Cyauite: This is recognised by its high relief, and two directions of
cleavage about at go® to each other. In a section normal’ to x, the biaxial
negative character is distinctly shown and the opte angle is large.

X1. St Cloud granite, No. 18.

Weight of crushed rock materials passing sieve (—65) = 332.8676 gr.
Weight of minerals grains after panning = 10.5392 gr.
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Weight of mineral grains with Sp. gr. > 2.90 = x.3108 gr,

Percentage by weight of heavy minerals in rock = 0.3%

Weight of mineral grains with sp. gr. > 2.9o after extraction of strongly mag-
netic minerals = r.08206 gr.

Percentage of strongly magnetic minerals in propostion to other heavy minerals
= 17.4% '

Fluorite: I't is mostly colorless though pinkish fragments are also present.
Inclusions are not uncommon. The shape of the fragments is generally angular
and irregular. Octahedral cleavage is sometimes distinct. Negative relief is high.
No anomalous polarization is shown under crossed nicols.

Zircon: The fragments of zircon vary from enhedral o subhedral crystals.
The color ia usnally white or yellowish., Zoning is often observed, Inclusions are
sometimes present, The partial or entire alteration of zircon to malacon with a
great reduction of birefringence is a common feature. The length of the crystals
is averagely about 0.15 mm.

Biotite: This cccurs as lamellar fragments with yellow brown to dark
greenish yellow color. Absorption is strong. Most fragments are nearly opaque
under microscope. Their optic character is generally much difficult to be deter-
mined, though the optic plane normal to the basal cleavage is accasionally
visible,

Hornblende: The fragments of hornblende are generally in greenish yellow
color, Pleochroism is moderate with Y= pale green, X = greenish yellow, and
Z = dark green. The absorption formular is X< Y<Z. In a section nearly

normal to one optic axis, the optic sign i5 determined as negative and the optic
dngle-seems not less than 8a°

Pyrite: The presence of pyrite is indicated by the yellow color in reflected
light, though a large amount of it seems altered to brown limonite.

Magnetite: Angular fragments of magnetite are commonly observed as
shown by their white gray color in reflected light,

The percentages by velume of those minerals other than pyrite and mag-
- netite are as.the following: —

Fluorite Zircon Biotite Hornblende
2.3% 1.3% 79.6% 1669
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As biotite and hornblende are both nearly opaque-in thick sections, their
differentiation is sometimes impossible under microscope. It is, thus, rather
safe to comsider the two minerals together in percentage as below:—

Fluorite Zircon Biotite & Hornblende
2.3% - 1.3% 96.2%,

XII. Marguetiz gramite.

Andalusite: Being colorless and water.clean, it looks much like .opaz as
the refringence is moderate and just nearly the same for both minerals. The
" hirefringence of the former is, however, evidentlv a little lower and not.above
yellow of the first order in interference color in the slides. When a section nor-
mal to one optic axis is obtained, a negative biaxial character is distinctly
shown. TFhe optic angle as estimated from the curvature of the isogyreisalso
much larger than that of topaz. Prismatic cleavage is sometimes visible, but
pleochroism is too weak fo be recognisable. Inclusions are abundant with
various amisotropic minerals.

. Muscovite: It occurs as colorless fragments and can, under microscope,
be distinguished from. andalusite by itslower reliel, small optic angle in cleav-
age flakes, and higher interference colors in those sectjons parallel to X, In ad-
dition, (oo1) cleavage.is distinct and the same is for the absorption with X<Z
- Y. | '
Zircon: This-is mostly in corroded prismatic forms and pale colored. Its
refringence and birefringence are generally both much reduced especially in the
latter and thus the mineral is probably mostly changed into malacon. The
lengih of the orystals is averagely about 0.1 mm.

Penpinite: Occurring as green fragments, it is characterized by the ultra
blue interference color in the cleavage flakes. Optic sign is negative. Ina
section normal to X, a pseudo-uniaxial optic axial interference figure is ob-
tained. Basal cleavage and pleochroism are both distinct though the latter is

weak with X = yellowish green, Z= Ymgreen. The absorption formula is X<
Z=Y. .

Biotite : 1t is generally dark brown in color, The basal cleavage plates
usually give the pseudo-uniaxial ibterferente figure showing the negative char-
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acter of the mineral. Pleochroism is strong as shown by the sections other
than those parallel to the basal cleavage plates. The formula is: X = light
yellow, Z= Y= dark brown, and X<Z=Y.

Garpet: The color of garnet is pinkish gray and thus it is easily recognis-
able from the above nearly colorless minerals. The very high relief combined

with the isotrovic character is characteristic. The shape of the fragments is

irregular and the mineral is very rare in the slides.

The percentages by volume of the heavy minerals mentioned are as
follows:—

Biotite -Penninite Andalusite Muscovite
86.4% 8.2% 2.7% 1%
Garnet Zitcon

0.4% 1%,

XIII, Margm#lc rhyolite.

Weight of crushed rock material passing sieve (—65)=175.9086 gr.

Weight of mineral grains after panning—6.4562 gr.

Weight of mineral grains with sp. gr.>2.go=0,3154 gr.

Percentage by weight of heavy minerals in'rock = 0.17%,

Weight of mineral grains with sp. gr.>2.90 after extraction of strongly mag-
netic minerals=o0.175 gr. :

Percéntage of strongly magnetic mincrals in proportion to other heavy minerals
~44.5% '

Diopside: It is colorless with distinct (rxo) cleavage. In an angular
fragment parallel to b, an uncentered optic' axis interference figure is clearly
shown and as such the positive biaxial character of the mizeral is readily
determined. This combined with the characters of high refringence and very
strong birelringence, leads to the identification of the mineral as diopside.

Apatite: Occurring as prismatic colorless crystals, it usually includes
inclusions arranged parailel to the vertical crystallographic axis. Its moderate
relief, low interlerence calor, parallel extinction, and negative elongation aid
to its recognition. ’
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Chlorite: The-angular {ragments of chlorite show 3distinct grass-green
color and basal cleavage. Pleochroism is imperceptible, Relief is high with
weak birefringence. The optic sign is negative as dctermined Irom a section
normal to one optic aXis and the optic angle estimated from the cruvature of
the isogyre.is near 30° . Dispersion is not strong =nough to be noticeable.

Garnet; It occurs as angular fragments and contains numerous inclusions
both of iron oxides and of other colarless anisotropic minerals. The high re-
lief and isotropic character sufficiently determine its natuore.

Tron oxides: Hematite is representad in a notable quantlty, and gives a
reddish-brown color in reflected light. Tlmenite is present and usnally parti-
ally transformed into leucoxene by alteration. Sometimes even- the whoie
fragment of the former is entirely changed into the latter mincral and as such
gives a distinct white cloudy feature in reflected light,

Except iron oxide minerals, all the other heayy minerals are only repre-
sented in one or two fragments in the slides. As Arthur Holmes indicated that
with Rosiwal method of micrometric analysis the total length measured mnst
be.at least a hundred times that of the averaze diameter of the constituenis
measured, so in this gase the percentage by volume of the heavy minerals other
than iron o;ides _-:I:ar_l_-l.mt be -cbrractly calculated. Bot'it is safe to Say ihalf
according to the order of décreasing abundauce -they are chlorite, é_lippside.
garnet and apatite. '

X1V. Waterloo quartzite.

Weight of cmshed rock material passing sieve (—65) = 352. 2986 gr.

Weight of mineral grains aiter panning. = 5.6574 gr. .

Weight of mineral grains with sp. gr- > 2. go. = 0.1828 gr.

Percentage by weight of heavy minerals in rock = 0.05%

‘Weight of mineral grains with sp. gr. > 2.9o0 after extraction of stromgly
magnetic mirerals = 0.0524 gr.

Percentage of strongly magnetic minerals in proportion to other heavy min.
erals =7r.3%

Zircon: Colorless to yellowish brown. Zonal crystals are fairly common
with numerous-inclusions. Most grains are rounded but euhedral crystals with
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perfect prismatic crystal faces are also present, and the faces are usually pitted
or grooved. The lengths of crystals range from 0.075 mm—o0.225 mm.

Ilmemte and leucoxene: The opaque minerals, when examined by
reflected light, mostly show white and gray colors and thus probably belong to
ilmenite and leucoxene. These are the most abundant heavy minerals in the
rack.ander study.

Muscovite: It Is colorless with high rclief and very strong birefringence.
In a section normal to the acante bisectrix, the optic angle is estimated as
aboot 40°. Horizontal dispersion is strong with P«<ZV. Iron inclusions are

usnally abundant. Most muscovite occurs as angular fragments,

.Apatite Crystals of apatite are generally rounded with some iron incln-
sions. '

The percentage by volume as calculated with Rosiwal method is as fol-
lows: -
" Ilmenite with leucoxene  Zircon Muscovite Apatite
81.29%, - 0.3% 6.0% 2.4%

. The light mineral most belongs to quartz. The grains are usoally round-
ed. Their special feature is the abundance of irregular mineral inclusions and
fluid or gas cavities. This combined with the absence of metamorphic heavy
minerals so far as we know now, indicates that the heavy mineral constituents
of the quartzite under study were derived {from igneous rocks, probably acidic,

CONCLUSION.

The heavy minerals of individoal igneous intrusiens are characteristic
both in quality and in quantity and may be used for identification of each in-
trosion if suitably manipnlated. The alteration of the minerals may, however,
sometimes lead to misinterpretation. As, for example, in Wausau granite if
one fails to detect the chlorite of samples No. 14 and 15; altered from horn-
blende and biotite, he would be unable to make comparison of samples No., 14
and 16 with the sample furnished by Mr. Raules

Further, the heavy minerals of igﬁeous rocks are not only characteristic
for individual intrusion itself but also seem to be characteristic fora series of
intrusions derived from the same magma reservoir and intruded diring the
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same period. In other words, each magma province seems to have its cwn pecﬁ-
liar heavy mineral assemblage and a well established heavy mineral assem-
blage is likely to be reasonably used for recognition or division of magma
provinces. .

"As an illustration, the heavy minerais of the rock samples under stady
may be distinguished into two distinct assemblages. One is characteristic by
the abundance of fluorite from 75%-30%, a little quantity of zircon 10%-2%
and moderate amount of hornblende (or altered to chlorite) and biotite 50%-
15%. If the physical characters of the individual minerals are carefully com-
" pared, they should give other similarities,

The localities of the intrusions characterised by this assemblage are Wau-
sau, Waushara, Lohrville, Berlin, Montello, and Endeavor which are ali gedgra-
phically distributed in adjacent districts. This assemblage may be called Wau-
sau heavy mineral assemblage which indicates 2-magma rich in fluorine or con.
golidated in a condition suitabla for the crystallization of fluorite.

The other heavy mineral assemblage is characterised by the abundance of
biotite and hornblende 809%-95%, absence of floorite, and often a little
amount of apatite and titanite. The physical characters of the individoal
minerals may have their special similarities. :

The intrasions characterised by this assemblage are at Mellen, Pike River,
Athelstane and Marquette Range which are all ‘also distributed in adjacent
regions. This assemblage may be called Pike River heavy mineral assemblage
which shows a magma wanting or very poor in fluorine and on the other hand
comparatively rick in phosphorous.
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PLATE 1II

Fig. 1. Fluorite fragments from Waasan granite showing " their irregular
angular forms. x 57. ” e

Fig. 2. Fragments of penninite (black) from Lohrville granite, White gray
mineral belonging to fluorite. x 8o.

Fig. 3. Crystal of Zircon from Athelstane granite showing perfect prismatic
faces and bipyramidal terminations. x 340.

Fig. 4. Crystal of apatite from Athelstane granite with well-defined prismatie

- faces ai‘.‘llli basal pinacoids. x 36o.
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Explanation of

Plate III
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Fig.
Fig.
Fig.

Fig.

PLATE III1

Muscovite from St. Cloud granite showing distinct basal cleavage
plates. x 2Io, :
Fragment of topaz normal to z giving distinct positive optic character
in convergent polarized light. From St. Cloud granite. x 1z0.
Crystal of Malacon showing well preserved prismatic form of zircon.

From S5t. Cloud granite. x 160. -
Crystal of xenotimite showing its prismatic form with terminated
pyramids. From St. Cloud granite. x x3o. '
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