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INTRODUCTION

GENERAL STATEMENT

This paper is a review of the available literature concerning
quartz masses that are thought by the investigators or other per-
sons to be of igneous origin. The literature relating to this subject
appears, on the whole, to be very indefinite in character. In all but
a few cases the occurrences are referred to in the most general
terms; accurate and detailed descriptions of geological relations are
rare, and quantitative data are practically absent.

THE PROBLEM

Are there quartz dikes? If so, what is the manner of their oc-
currence? It is obvious that a pure silica magma would not be
possible. The melt would be of a highly viscous nature and would
have a high temperature of consolidation, namely 1713°C. due to
the lack of other constituents whose presence would cause a mutual
lowering of the melting point. There is no evidence of such a high

* The literature of the subject was first examined at the suggestion of Dr. Adolph
Knopf. Recently more work has been done and the results are presented in this

paper.
278



JOURNAL MINERALOGICAL SOCIETY OF AMERICA 279

temperature at the time of emplacement. It follows then that any
quartz mass of igneous origin either contains some mineralogical or
fluid impurities or the impurities that must have been present in
the quartz magma were of sufficient mobility, such as water, to
have escaped at the time of consolidation.

It has therefore appeared profitable to review the literature on
quartz masses and ascertain if there are any features in their
mineral composition or manner of occurrence that might be of
diagnostic value in interpreting their origin.

GENERAL FEATURES OF SUPPOSED IGNEOUS QUARTZ MaASSES

GEeoLoGIcAL MODE 0F OCCURRENCE

Quartz masses of supposed igneous origin most commonly de-
scribed are those in which the quartz mass is gradational from a
normal igneous rock. Such gradations are in most cases from peg-
matitic or aplitic types but may be from granites or alaskite. The
pegmatites showing gradation to quartz masses are, in most cases,
associated with acidic rocks. Miller! describes a small body of
quartz which grades into a pegmatite associated with a gabbro.

The gradation of the igneous rock into the quartz mass may be
effected by the appearance of random distributed “blotches” or
segregations of quartz which gradually increase in size and number
at the expense of the other constituents of the igneous rock until
the whole mass is composed of quartz. Other instances have been
noted in which the quartz tends to become segregated toward the
center of the mass, with bands of feldspar and other constituents
following the walls, the transition being brought about by the in-
crease in width of the quartz at the expense of the feldspar and
other constituents until it fills the whole space.

Such gradation of igneous rock into quartz masses may occur at
the margin of a large igneous body,? in dikes, in lens-like bodies
traversing the parent igneous rock, or in lenses and dikes traversing
slates or schists which constitute the country rock of a granitic in-

! Miller, W. J., Pegmatite, Silexite, and Aplite of Northern New York. Jowr,
Geol., vol. 27, p. 53, 1919, ]

? Emerson, B. K., Northfieldite, Pegmatite, and Pegmatite Schist. Amer. Jour.
Sci., vol. 40, pp. 212-217, 1915,

Hall, A. L., Note on Certain Wide-spread Ultra Acid Rocks Occurring along the
Margin of the Bushveldt Granite in Western Secucuniland. Trans. Geol. Soc., S. A.,
vol. 13, p. 10, 1911.

Dwerryhouse, A. R., Intrusive Rocks in the Neighborhood of Eskdale. Q. J.G. S.,
LXV, p. 64, 1909.
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trusion. Quartz masses of the latter type occur in shapes ranging
from sharply defined tabular bodies to narrower and more irregular
lenses and vary in width from a fraction of an inch to many feet.
In most places the quartz bodies are parallel to the structure of the
enclosing rock but some of the smaller bodies may cut across. Such
dike-like or lens-like bodies may extend across the contact and
occur in both granitic and surrounding metamorphic rock. The
gradation to quartz masses occurring at the margin of large igneous
bodies may be evident only at certain localities along the margin.

Among the dikes peripheral to an intrusive mass, it has been
noted in places that the acidity of the rock increases with the dis-
tance from the parent igneous mass until the dike is composed
wholly of quartz which in turn may finally gradually take on crus-
tification and other characters of vein formations.?

Accompanying bodies of quartz showing gradation into igneous
rock, there may be other quartz bodies showing no such relation
though similar in all other respects.

Masses of granite, pegmatite and aplite, grading into quartz and
all occurring as lenses or dike-like masses, have been formed in
gneissic granite with which they are believed to be genetically con-
nected.! Some have sharp and others have gradational contacts
with the enclosing rock. Primary gneissic structure of the gneiss is
described as bending around the quartz and pegmatitic masses.
This is interpreted to mean that the quartz and pegmatitic masses
were early crystallized segregations surrounded by the bulk of the
magma which underwent further movement during crystallization.
In places the quartz and pegmatitic masses are described as having
been broken up into lenses by this movement and these aligned
parallel to the cleavage of the gneiss. There are later masses of peg-
matite and quartz, of which many cut across the structure of the
gneiss.

Quartz bodies with some variation in structural, textural, and
mineralogical characters are described as occurring in the country

3 Van Hise, C. R., Principles of Pre-Cambrian North American Geology. 16tk
Cent. Rept. U. S. G. S., pt. 1, p. 638, 1896.

Billingsley, Paul, The Boulder Batholith of Montana. Trans. Amer. Inst. Min.
& Met. Eng., vol. 51, p. 43, 1915. ‘

Butler, B. S., The Ore Deposits of Utah. U. S. G. S., P. P., 111, p. 159, 1920.

Lahee, F. H. Metamorphism and Geological Structure. Am. Jour. Sci., vol. 33,
p. 463, 1912.

4 Miller, W. J., Pegmatite, Silexite, and Aplite of Northern New York. Jour.
Geol., vol. 27, pp. 28-54, 1919.
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rock adjoining a granite intrusion into which they show no ap-
parent gradation but which are thought to be igneous because of
contact effects.® These range up to 20 cms. in width and tend to
follow the schistosity when occurring in schists.

Many vein-like quartz bodies, containing metallic ores, as well
as some other types of ore bodies are held by J. E. Spurr and others
to be vein dikes; on the ground that the solutions from which the
bodies were formed are more akin to intrusive ore magmas than to
relatively fluid vein-forming solutions. Since pegmatites, aplites
and vein-forming solutions of magmatic origin are all regarded as
differentiation products of a consolidating parent magma and since
transitions from pegmatites and aplites to quartz bodies, some of
which carry metallic minerals, are known, Spurr prefers to desig-
nate as vein dikes, not only the quartz bodies showing such grada-
tion into normal igneous rocks, but also certain other similar
quartz-metallic bodies. These have no such gradational relation but
show features that are interpreted by him to indicate that the solu-
tion responsible for the body was relatively viscous or had other
characters more to be expected in a magma than in a fluid vein-
forming solution.

Many people find it very hard or impossible to explain certain
features in connection with those quartz metallic ore bodies desig-
nated by Spurr as vein dikes if the ore magma, which on consolida-
tion formed the vein dike, had the same features generally at-
tributed to magmas and did not partake largely of the nature of a
vein forming solution. Much controversy has resulted and con-
siderable discussion of this question is to be found in the literature.
The writer will largely confine his treatment to the discussion of
quartz masses of supposed igneous origin that are not metallic ore
bodies.

TiME RELATION TO DikE RETINUE

Most of the so-called quartz dikes which have been described are
probably siliceous variants of pegmatitic or aplitic intrusions and
as such are part of the latest igneous manifestation in an epoch of
igneous activity. They thus constitute the siliceous residuum of a
differentiating magma forced out of the magma chamber after the
bulk of the magma had consolidated. However, in places, lampro-

® Baumgiirtel, B., Eruptive Quarzgiinge in der Umgebung der vogtlindisch-

westerzgebirgischen Granitmassive. Zeit. d. deut. geol. Ges., vol. 63, p. 175 et. seq.,
1911,



282 THE AMERICAN MINERALOGIST

phyre dikes cut pegmatitic, aplitic and quartz veins of the same
igneous epoch and accordingly lamprophyre dikes are described as
being contemporaneous with or cutting quartz-metallic veins or
the vein dikes of some authors.® In most occurrences of other types
of quartz masses of supposed igneous origin that have come to the
notice of the writer, their relation to dikes of the same intrusive
epoch is not brought out. Miller” describes two ages of pegmatite
and related quartz masses believed of the same intrusive epoch.
Baumgirtel’ describes supposed igneous quartz masses cut by later
quartz bodies thought to represent a hydrothermal phase of the
same igneous epoch.

TEXTURE AND STRUCTURE

The quartz masses under discussion typically exhibit a granitic
texture similar to that of normal igneous rocks. Druse-like cavities
have been described. More or less banding may be present where an
arrangement of the different mineral constituents in separate zones
parallel to the walls forms a gradual gradation into pegmatites.
Definite crustification in the filling of a fissure is generally held to
be the result of vein-forming conditions.
MiINERAL COMPOSITION

Quartz masses of possible igneous origin commonly resemble peg-
matites in mineral composition. Many of them differ from pegma-
tites only in the relative proportions of the different minerals.
Described occurrences of probable igneous quartz masses of ex-
treme purity are rare. Among the common minerals, one might
mention orthoclase, microcline, albite, microperthite, tourmaline,
muscovite, biotite and garnet.

CRITERIA FOR THE RECOGNITION OF QUARTZ DIKES

GRADATION OF QUARTZ MASSES INTO ROCKS OF IGNEOUS ORIGIN
In the literature a considerable number of instances are men-
tioned in which quartz masses grade outward from igneous bodies
such as pegmatites, aplites, and alaskites and it is assumed because
of this relation that the quartz masses are igneous. This does not

¢ Spurr, J. E., Basic Dike Injection in Magmatic Vein Sequences. Bull. Geol. Soc.
Am., vol. 36, pp. 545-582, 1925.

7 Miller, W. J., Pegmatite, Silexite, and Aplite of Northern New York. Jour.
Geoal., vol. 27, p. 28, 1919.

8 Baumgirtel, B., Eruptive Quarzginge in der Umgebung der vogtlindisch-
westerzgebirgischen Granitmassive. Zeit. d. deut. geol. Ges., vol. 63, pp. 175-239,
1911,
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necessarily follow. According to the generally accepted scheme of
the evolution of igneous rocks the different varieties are evolved
through fractional crystallization of a magma and a settling out of
the crystals. In the natural course of events, as the consolidation of
the magma proceeds the salic and more volatile constituents tend
to be concentrated in the unconsolidated portion. This represents
the material that goes to form the salic rocks, pegmatites, aplites,
alaskites, as well as quartz masses and veins, and other vein ma-
terials of igneous derivation. Thus, in accordance with this theory,
there could well be a complete gradation from an igneous mass into
veins of hydrothermal origin.

Similarly, the contrary argument—that because quartz masses
grade into such rocks as pegmatites, aplites, and alaskites, the
latter are hydrothermal in origin—is equally invalid. The whole
question of the origin of these rocks is involved and there is here
no complete unanimity of opinion. It is not the writer’s purpose to
discuss the origin of pegmatites, aplites, and similar rocks. It
might be safely said, however, that it is generally held that the
majority of such rocks represent the solidification of a magma
which at times, at least, was of highly aqueous nature.

It is seen then that the existence of a gradation from igneous
rock into nearly pure quartz masses is not proof that the latter
represents a solidified magma. To be sure such a relation indicates
an igneous derivation, but the quartz mass could quite well be a
quartz vein, i.e., be deposited from a solution representing the
salic concentrate attending magma consolidation.

On the one hand there are undoubted igneous rocks such as
granite, alaskites, and some pegmatites and aplites at least, which
may be exceptionally high in silica, and there are also quartz veins
whose origin cannot be questioned. Quartz masses of some kind
therefore appear to bridge the gap between igneous rocks and
hydrothermal veins of igneous derivation. If there exists a natural
gradation, as there appears to be, between igneous rocks with
increasing quartz content and quartz veins, obviously, any bound-
ary which we assume between these two occurrences must be an
arbitrary one.

TEXTURE

Veins commonly show the normal granitic texture of igneous
rocks; crustification, though indicative of vein formation is usually
absent. Vein banding due to the deposition of successive layers of
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material of different composition can be simulated in igneous rocks,
for instance, in primary gneisses. Some pegmatite dikes, perhaps of
doubtful igneous origin, show banding of constituents.
MINERAL COMPOSITION

Not all igneous rock minerals are recognized as vein-forming
minerals. This suggests a possibility that some of the minerals
present in quartz dikes might be of diagnostic value.
CoNTACT PHENOMENA

Igneous rocks characteristically contact metamorphose the rocks
which they intrude. They also cause hydrothermal alteration by
the loss of fluid constituents on consolidation. Since vein-forming
solutions are formed as an end product of magmatic consolidation
they would have a relatively low temperature, so that under
normal conditions contact metamorphism would not be expected.
Hydrothermal alteration would, however, be especially character-
istic. The character of the contact alteration, therefore, might
serve as a criterion.
MobDE OF EMPLACEMENT

A highly quartzose magma would be extremely viscous. It would
be expected that such a magma, in some cases, would intrude it-
self laccolithically. Such structures as schistosity may tend to
form in the intruded rock and would be likely to wrap around it.
This might be a valuable criterion but care would have to be exer-
cised in distinguishing such relations from those caused by move-
ment later than the formation of the quartz masses; a weak country
rock might be deformed and schistosity developed, which would
envelope the more resistant and consequently undeformed quartz
masses.
UNSUPPORTED INCLUSIONS

The presence of unsupported inclusions in veins has been con-
sidered by some as conclusive evidence that the vein material repre-
sented a consolidated igneous magma; the argument being that
hydrothermal solutions would not have sufficient density to sup-
port them. Such, however, cannot be considered as an absolute
criterion. It has been pointed out that such fragments might be
pried from the walls by the force of crystallization. It is also thought
by some that the vein material in some cases at least was carried
in colloidal solution or gel; such a solution might be of sufficient
density to suspend fragments of the wall rock. Further, it is con-
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ceivable that replacement might sometimes act so as to produce
fragments that would give the appearance of being unsupported.

OCCURRENCES

THOSE SHOWING ACTUAL GRADATIONS INTO IeNEOUS RoCKs

In the Pyrennes, F. Zirkel® early noted feldspar-quartz masses in
many places grading into masses consisting only of quartz. Cred-
ner'® found similar relations in Saxony. The same observations were
made by Lehman™ who found that the gradation of quartz masses
into pegmatites took place in most places by means of the appear-
ance of feldspar, tourmaline, or mica crystals.

Auriferous quartz veins and quartz veins believed to be of peg-
matitic origin were observed at Dargo and Omeo, Victoria, Aus-
tralia.”? The quartz veins classed as pegmatitic in places take on the
appearance of pegmatites through the presence of varying amounts
of feldspar, muscovite and tourmaline, singly or severally. Brogger
acknowledged the transition between quartz veins and pegmatites
and pointed out the importance of mineralizers in their formation.
Sederholm™ describes small pegmatite masses composed of quartz
and feldspar which grade into quartz dikes. He believes the pegma-
tite and quartz represents the final residue of the Rapakiwi magma
probably rich in water and other mineralizers and so crystallized
slowly. Klemm® refers to quartz lenses and veins, in a mica-rich
gneiss, grading into pegmatite by the coming in of feldspar and
light-colored mica. Williams® in considering the pegmatites of
Maryland describes quartz masses with pegmatitic associations

® Zirkel, F., Beitriige zur Geologischen Kenntnis der Pyrenden. Zeit. d. deut.
geol. Ges., vol. 19, p. 105, 1867.

10 Credner, H., Die granitischen Giinge des sachsischen Granulitgebirges. Zet. d.
deut. geol. Ges., vol. 27, p. 176, 1875.

' Lehman, L., Die Enstehung der Altkrystallinischen Schiefergesteine. Bonn,
1884.

2 Howitt, A. W., Notes on the Area of Intrusive Rocks at Dargo. Trans. Roy.
Soc. of Victoria, vol. 23, 152, 1887. Notes on the Metamorphic Rocks of Omeo.
Trans. Roy. Soc. Victoria, vol. 24, 1888,

¥ Brogger, W. C., Die Mineralien der Syenitpegmatitgiinge der siidnorwegischen
Augite und Nephelinsyenite. Zeit. fiir Kryst. und Min., vol. 16, Pp- 226, et. seq. 1890.

4 Sederholm J. J., Uber die finlindischen Rapakiwigesteine, Tschermaks Min.-
Petr. Mitteil., vol. 12, p. 8, 1891,

% Klemm, G., Beitriige zur Kenntnis des krystallinen Grundgebirges im Spes-
sart. Abk. Grossherzogl. hessischen Geol. Landenstalt, vol. 2, p. 190, 1891-1895.

16 Williams, G. H. The General Relations of the Granite Rocks in the Middle
Atlantic Piedmont Plateau. 5tk Ann. Rept., U. S. G. S., p. 670 et. seq., 1895.
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which contain varying amounts of tourmaline and “flesh-colored
feldspar” and in places some mica. Because of the gradation of
these quartz bodies into pegmatites a different origin is assigned to
them than to pegmatites showing no such gradation.

Van Hise!” described a series of pegmatites in the Black Hills
which grade into quartz veins. Pegmatitic quartz—feldspar dikes
extend out into the surrounding crystalline schist; with distance
the dikes exhibit banding and comb structure and finally the feld-
spar entirely disappears and the dike or vein consists of ordinary
quartz.

In the Yukon district, Alaska,'® there are quartz veins which
grade into aplite dikes in both composition and structure. In a sin-
gle outcrop the aplite is described as “changing to a vein composed
of quartz and feldspar, and this by disappearance into one of quartz
alone.” The same author further notes (p. 230) pegmatites grading
into quartz veins by the quartz first becoming segregated in the
center with the feldspar along the walls. The feldspars then gradu-
ally disappear, leaving a vein composed of coarsely crystallized in-
terlocking quartz with a little magnetite and pyrite and “some cal-
cite veining which is probably secondary.”

Cross!® remarked that in the Silver Cliff District, Colorado, peg-
‘matite dikes in places became so rich in quartz as to be practically
quartz veins. Crosby and Fuller?® recognize a gradation between
pegmatites and pure quartz veins.

On the North Shore of Long Island Sound “pegmatites are abun-
dantly developed in connection with granites and all grades are
shown ranging to practically pure quartz.’”? Kemp further believes
that the huge quartz vein 1000 feet in width at Lantern Hill, Mys-
tic, Connecticut, belongs in the pegmatitic series. Holland” de-
scribes two large masses of white quartz on the southern face of the

17 Van Hise, C. R., Principles of Pre-Cambrian North American Geology. 16tk
Ann. Rept., U. S. G. S., pt. 1, p. 688, 1896.

18 Spurr, J., Geology of the Yukon Gold District, Alaska. 18tk Ann. Report,
U.S.G. S, pt. 3, p. 147, 1896-1897.

19 Cross, W., Geology of Silver Cliff and Rosita Hills, Colorado. 17th Ann. Rept.,
U. S.G. S, pt. 2, p. 279, 1896.

2 Crosby, W. O. and Fuller, M. L., Origin of Pegmatites. Amer. Geol., p. 150,
1897.

21 Kemp, J. F., The Réle of the Igneous Rocks in the Formation of Veins. Trans.
Amer. Inst. Min. Eng., vol. 31, p. 182, 1901.

22 Holland, T. H., Geology of the Neighborhood of Salem. Mem. Geol. Surv. In-
dia, vol. 30, p. 137, 1901.
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Shevaroy hills in the neighborhood of Salem, India. The rock con-
sists wholly of quartz in coarse interlocking crystals in places clear
and transparent but generally clouded by innumerable liquid inclu-
sions thought to be carbon dioxide. The general association of such
quartz masses with peridotite intrusions throughout southern India
is remarked on and a genetical relation between the two is sug-
gested.

At Foxdale, Isle of Man,® quartz bodies up to 30 feet wide cut
granite and surrounding schist and slates. Some have been traced
a mile. They are composed essentially of quartz including both
clear and opaque varieties, the latter containing liquid inclusions.
Locally the quartz masses change to pegmatites by the appearance
of feldspar and because of this gradation the quartz masses are
looked upon as igneous dikes.

Reed™ notes pegmatite dikes two to forty feet in width which
have quartz veins associated with them. Copper has been found in
them and an interesting feature of the quartz bodies is the presence
within them of fine crystals of spinel which contain abundant
quartz inclusions.

Referring to the Encampment District, Wyoming, Spencer®
states that “bodies of the rock composed of feldspar and quartz and
having the form of dikes were found to pass by gradation into quartz
veins, a fact which suggests that they may not be true igneous in-
trusions in the same sense as the gabbro dikes, but rather that they
formed through aqueo-igneous activity, an origin to which many
pegmatites have been assigned.” Klemm? described pure quartz
masses in granites and surrounding sediments which in places show
a pegmatitic gradation by the presence of random feldspar par-
ticles and some mica along the contact.

Ogilvie noted the complete gradation between pegmatites and
quartz veins in the Paradox Lake Quadrangle, New York.?” In the

# Lomas, J., Quartz dikes near Foxdale, Isle of Man. Geol. Mag., New Series,
Decade 4, vol. 10, pp. 34-36, 1903.

# Reed, T. T., Nodular bearing Schists near Pearl, Colorado. Jour. Geol., vol. 11,
p- 493, 1903.

% Spencer, A. C., Ore Deposits of Encampment District, Wyoming. U. S. G. S.,
P, P. 25, p., 41, 1904.

% Klemm, G., Uber der Gneisse und Schiefer der Tessiner Alpen. Sitzungsberichte
der Koniglich Preussichen Akademice der Wissenschaft, p. 56, 1904,

*" Ogilvie, L. H., Paradox Lake Quadrangle, New York. New York State M uS.,
Bull. 96, 1905.
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Georgetown Area, Colorado, Spurr and Garrey?® observed the com-
mon transition of pegmatites into quartz veins. Spurr in the South-
ern Klondike District, Nevada,? found granite dikes that pass by
transition into masses and veinlets of pure quartz. With reference
to the Silver Peak Quadrangle, Nevada, he makes the following
observation:3® “The typical quartz and typical alaskite form two
ends of a rock series between which there is every gradation. Every
vein or lens thus far mined or prospected shows in places, mixed
with the quartz, considerable feldspar, though in general it is found
that with the incoming of the feldspar in the ore body the values
fall off quickly.” In the Cripple Creek district,* pegmatite dikes
composed of quartz, microcline, muscovite and a little magnetite
occasionally become so rich in quartz that they “may be mistaken
for quartz veins.” Prospecting showed them to be barren. J. Cor-
net® describes a transition between pure quartz veins and pegma-
titic rocks.

Graton observed in Shasta County, California,® that “in con-
nection with the quartz diorite occur sparingly pegmatitic dikes of
rather irregular form and somewhat more acidic character than
the parent quartz diorite; these pegmatites in places pass over into
siliceous masses that are virtually quartz veins and carry sulfides.”
Erdsmannsdorfer® described lens-like quartz masses, occurring in
most places parallel to the structure, which grade into granite or
true pegmatite by the incoming of feldspar.

The Eskdale granite of the English Lake District has a markedly
quartz-rich border facies.3® The granite occurs in two roughly ellip-
tical exposures, one with major dimensions of 12 miles and 4 miles

% Spurr, J. E. and Garrey, G. H., Preliminary Report on the Ore Deposits in the
Georgetown Colorado Mining District. U. S. G. S., Buil. 260, p. 104, 1905.

2 Spurr, J. E., Southern Klondike District, Nevada. Econ. Geol., vol. 1, p. 370,
1906.

% Spurr, J. E., Ore Deposits of the Silver Peak Quadrangle, Nevada. U. S. G. S.
P. P., 55, p. 44, 1906.

% Lindgren, Waldemar and Ransome, F. L., Geology and Gold Resources of the
Cripple Creek District, Colorado. U. S. G. S., P. P. 54, p. 43, 1906.

# Cornet, J., Sur Porigine granitque de certains filons quarteux de la region meta-
morphique de Bastogne. Bull. Soc. Belge de Geologie, Tome 22, pp. 305-307, 1908.

3 Graton, L. C., The Occurrence of Copper in Shasta County, Cal.U.S.G. S,
Bull. 430-b, p. 86, 1909.

% Erdsmannsdérfer, O. H., Die Eckergneiss im Harz. Jahrb. d. k. Preusz. Geol.
L.-A. und Bergak., vol. 30, pt. 1, p. 329, 1909.

% Dwerryhouse, A. R., Intrusive Rocks in the Neighborhood of Eskdale. Q. J.
G. S., LXV, p. 64, 1909.



JOURNAL MINERALOGICAL SOCIETY OF AMERICA 289

and the other considerably smaller. The normal granite is composed
of quartz,orthoclase and oligoclase, crystallized separately or in per-
thitic intergrowth, muscovite, and biotite. Perthite is the most
common feldspar constituent. Muscovite predominates over biotite
except locally. Analyses of the normal granite yield from 71.86 to
76.43 per cent silica. The width of the quartz zone is not made
clear. In this zone there appears in general to be a gradual increase
in quartz towards the border of the granite. Also the rock becomes
finer grained. Most specimens contain in addition to quartz small
amounts of one or more of the normal constituents of the granite,
namely; orthoclase, oligoclase, perthite, muscovite, and biotite.
Some of the extremely quartz-rich specimens contain only musco-
vite in addition to the quartz. An analyses of one of these yields
96.16 per cent silica. This is thought to be extreme. In the neighbor-
hood of 90 per cent is thought by the author cited to be the amount
in most places. As an explanation of the acidic border zone, Dwerry-
house suggests that the magma which on consolidation formed the
Eskdale granite was more siliceous than some eutectic “probably
that of quartz and orthoclase” and as a result quartz separated out
early and segregated along the walls until the eutectic proportions
were reached.

Bastin described quartz veins associated with pegmatites at
Paris, Maine.® Veins of this type commonly contain small amounts
of orthoclase, microcline, muscovite and black tourmaline. In some
of the veins, black tourmaline is associated with quartz alone. A
quartz vein containing feldspar crystals and traversing a pegmatite
but with a coarsely interlocking crystallization between vein and
wall is described from Boothbay Harbour, Maine. Bastin further
noted the tendency in some pegmatites for the quartz to be segre-
gated in the center with feldspar adjoining the walls. A somewhat
Similarrelation wasfound at Quincy, Massachusetts®” where coarse-
grained quartz forms the center of a cylindrical pegmatite mass.

Along the margins of the Bushveldt granite in Western Secucuni-
land, South Africa,’® there are highly quartzose rocks of which

% Bastin, E. S., The Geology of Pegmatites and Associated Rocks of Maine.
U.S.G.S., Bull. 445, pp. 19 and 26, 1911.

37 Warren, C. H. and Palache, C., Proc. Am. Acad. Aris & Sci., vol. 47, p. 130,
1910.

38 Hall, A. L., Note on certain wide-spread Ultra-acid Rocks occurring along the

margin of the Bushveldt Granite in Western Secucuniland. Trans. Geol. Soc., S. A.,
vol. 13, p. 10, 1911,
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some are facies of granite. The ultra acid rock occurs as a narrow
band as much as 2 miles wide with a total length of outcrop in
Eastern Transvaal of 70 miles and covering an area of at least 60
square miles. It has considerable resemblance to a quartzite but ac-
cording to the author its igneous nature is evident from the study
of a large number of outcrops. The rocks are nearly always fresh
and composed almost solely of quartz grains with small scattered
flakes of muscovite and biotite. In places are complete gradations
between the quartzose rock and varieties rich in “milky-white,
flesh-colored orthoclase with clearly defined cleavage faces.” Anal-
yses are given of three specimens collected from outcrops 32 miles
apart. They show the following percentages of quartz: 97.43%,
97.159%, and 72.159, with the remainder composed of muscovite,
biotite, magnetite, orthoclase, rutile, and ilmenite. It is believed
that this ultra-acid rock is one of the differentiation products of the
magma from which was derived the granite and norite of the Bush-
veldt complex.

Lahee® described pegmatites composed chiefly of microcline,
microperthite, graphic granite and quartz, a little orthoclase, acid
plagioclase and muscovite. Biotite and garnet may also be present.
Many of these grade into quartz veins which are described as con-
sisting of milky or creamy quartz, in places small quantities of feld-
spar, generally near the margins of veins and locally a “little chlo-
rite, muscovite, sericite, pyrite, etc.” Miarolitic cavities are occa-
sionally seen but as a rule the quartz is massive and comb structure
was not recorded. Many of the pegmatites show a progressive in-
crease in quartz away from their point of origin.

Washington gives an analysis of arizonite, described as a quartz
dike rock, which yields 92.59 per cent silica. An unpublished refer-
ence to Spurr and Washington is given in connection with the anal-
ysis. 40

The Pelham granite gneiss® at its contact passes by gradual tran-
sition, structurally and mineralogically into a quartz rock which at
Crag Mountain in Northfield becomes over 300 feet thick. This rock

3 Lahee, F. H., Relations of the Degree of Metamorphism to Geological Struc-
ture and to Acid Igneous Intrusions in the Narragansett Basin, Rhode Island. Aneer.

Jour. Sci., Vol. 33, pp. 456461, 1912.

40 Washington, H. S. Chemical Analyses of Igneous Rocks. U. S.G. S., Prof. P.
99, p. 50, 1917,

4 Emerson, B. K., Northfieldite, Pegmatite and Pegmatite Schist. Amer. Jour.
Sci., vol. 40, pp. 212-217, 1919,
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is called northfieldite by the author cited, to whom its occurrence
suggests that it represents “an original ultra-acid contact differen-
tiate and deposit of the magma.” Two varieties of the rock are dis-
tinguished. At Crag Mountain, the mass suggested a pegmatite
without feldspar and is made up of bands about 1 inch thick, con-
formable with the bands of the Pelham gneiss, made up of coarse
quartz and random flakes of muscovite. Microscopically it is com-
posed of large unstrained quartz grains in places containing blebs
of quartz of different orientation from the host, a few particles of
muscovite, tourmaline, zircon, negative quartz cavities and large
motionless bubbles. Gradations of pegmatite into the northfieldite
were observed. The other type of northfieldite at Mount Orient
in Pelham, ‘“‘has the aspect of a slightly actinolitic or biotitic quartz-
ite or an extremely quartzose aplite. Biotite for the most part,
garnet, zircon, rutile, and a little feldspar were noted. Actinolite
and tremolite thought to be the result of contamination by lime-
stone, are prevalent in some localities.”

Billingsley found that in the Montana batholith,*? where the
more acid phases form the contact, there is a gradual increase in
acidity in the outlying dikes and sills of the igneous rock. “These,
with crystalline continuity, grade from normal granite at the point
of departure from the parent mass to alaskite and even pure quartz
at their further termination.”

Miller# described numerous gradations of pegmatite and aplite
into quartz masses called by him, silexite. Two ages of granite peg-
matite are distinguished, early segregation masses and later more
dike-like masses. Both grade into quartz masses. The pegmatites
are simple in composition, being made up largely or wholly of pink
or white feldspar and quartz. Among the minerals specifically men-
tioned in descriptions, there may be listed microcline, microper-
thite, oligoclase, biotite, apatite, zircon, magnetite, hornblende,
and pyroxene. The last three minerals are believed to be largely or
wholly the result of contamination by the old dark gneisses and
gabbro invaded by the granite. Gradations to the quartz masses
are brought about by the gradual elimination of the feldspar. In
North Creek Quadrangle, a body of gabbro pegmatite six feet wide
is observed to grade into a mass of “practically pure silica (silexite)

* Billingsley, Paul, The Boulder Batholith of Montana. Trans. Amer. Inst. Min.
and Met. Eng., vol. 51, p. 43, 1915.

% Miller, W. J., Pegmatite, Silexite, and Aplite of Northern New York. Jour.
Geol., vol. 27, pp. 27-54, 1919,
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four feet long.” The gabbro pegmatites are described as consisting
chiefly of potash feldspar and quartz, but with plagioclase impor-
tant in some cases, muscovite and black tourmaline usually pres-
ent, and biotite and hornblende not rare. Granite aplites composed
of “white or light grey potash feldspar, microperthite and quartz
were observed grading into quartz masses.”

Pegmatitic gold quartz veins are found in the Pack Valley dis-
trict of Raft River range and Spring Creek district of Deep Creek
range.* In both districts, the veins extend from the intrusive into
the adjacent quartzite with ore being found in the veins in both
granite and quartzite. “Typical gangue of the ore-shoots is rather
fine grained, vuggy quartz containing sulfides and arsenides in
small amounts in the primary ore.” The finer vuggy quartz gives
place along the dip or strike or from the middle toward the wall to
coarse pegmatite quartz which in turn grades into a mixture of
quartz and feldspar. In one vein there is some indication that
feldspathic material decreases and quartz and sulfides increase
with increasing distance from the granitic rock. Many gradations
between pegmatite, aplite and quartz masses have been observed
in north central Idaho.®

Brown notes with regard to the quartz veins and pegmatites at
Ashland, Alabama,® that all gradations may be found between
pure quartz veins and veins of nearly pure coarse feldspar.

Baumgirtel appended to his article on intrusive quartz masse
a few examples in the literature of quartz masses showing an evi-
dent genetic relation to igneous rocks; these he discusses briefly.
Among the references cited a few are not available to the present
writer. However, no new point appears to be brought out in them
and they only serve to emphasize the wide distribution and com-
mon occurrence of the gradational relation between igneous bodies
and masses consisting almost wholly of quartz. These references
are incorporated in the bibliography at the end of this paper.

It seems, then, from the observational evidence available in the
literature it must be taken as proved that quartz masses grade into
pegmatites, aplites or like rocks which in turn grade into typical

4 Butler, B. S., The Ore Deposits of Utah. U. S. G. S., P. P. 111, p. 159, 1920.

4 Thomson, F. A. and Ballard, S. M., Geology and Gold Resources of North
Central Idaho. Idaho Bur. of Mines and Geol., Bull. 7, p. 41, 1924.

% Brown, J. S., Graphite Deposits of Ashland, Alabama. Ec. Geol., vol. 22, p.

224, 1925,
47 Baumgiirtel, B., Zeif. d. deut. geol. Ges., vol. 63, p. 228, 1911.

g47
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igneous rocks. But in arriving at this conclusion we have not in any
way determined if any of the quartz masses represent the solidifica-
tion of an igneous magma; from the meagre descriptive details of
the actual relations given, it seems impossible to form any con-
clusions on this matter.

SuprosED I6NEOUS QUARTZ MASSES NOT
GRADING INTO IGNEOUS RoOCKsS

Goldschmidt?® described from the Stavanger district large masses
of quartz rich rock which are regarded as the last and most acid
differentiation product of the Opdalit-Trondjemite magma. These
masses are typically laccolithic in shape and consist of even granu-
lar quartz with scattered porphyritic crystals of microperthite and
very small amounts of rutile, zircon, carbonate, muscovite, and
chlorite. On Goldschmidt’s map they are shown to be up to 350
feet in diameter.

An analysis of this rock gave 95.35 per cent of silica. The mineral
composition calculated from the analysis is as follows. It is said
to agree well with the observed mineral composition.

Quartz: . a5 57 ¢ wEEEEEDN 5 O 53 ¢ DEEEED GEE  AEEE . 90.0 per cent.
K-Feldspar. .. ..ot e 5.6 &
Albite. ... o, St R, R 0 - e 5 i e e, e 2 “
MUSCOVILE. . . vt ittt e 0.3 9
ChloTitel ! . S5 4 i Si i 5T = WNa S ESiD 2 0.03 “
Tron Oxide.c. o wi. crams o <53 cwmie 5s fiwe s wee sy 1.4 ¢
Rutile. ... e ceioo.. 0,003 “
Apatite. . 5. . . s Sesem S5 Sa i e o R e v 0.05 “
CalCitee . v v e 0.30 «

100.00 per cent.

In Vogtland at the western part of the Erzegebirge® a granite
massif is found intruding Cambrian slates. A considerable area of
hornfels is present in the vicinity of the intrusion. The granite out-
crops in small boss-like bodies in the hornfels area—the inference
being that the granite is nowhere far beneath the surface in the
contact metamorphic region and that the granite masses represent
cupolas. The hornfels is a compact dark rock in which individuals
of cordierite are visible, giving the rock a porphyritic appearance.

48 Goldschmidt. U. M., Die Injektionmetamorphose im Stavanger Gebiete. Vi-
denskapsselskapets-Skrifter, 1920, No. 10, p. 31.
49 Baumgirtel, B., Zeit. d. deut. geol. Ges. vol., 63, p. 175. 1911,
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The microscope shows that in addition to cordierite there are
quartz, muscovite, biotite, magnetite, tourmaline, zircon, calcite,
rutile, and carbonaceous material.

The hornfels and also the unaltered slate farther, out are tra-
versed by many lenses of quartz ranging up to 20 centimeters in
width which tend to follow the schistosity but which in places cut
across. The lenses are of two types. One, the younger, generally
consists of pure quartz but in places contains a little cordierite,
chlorite, apatite, pyrite, chalcopyrite and considerable calcite.
The cordierite and chlorite, when present, are largely restricted
to the walls, whereas the calcite tends to be confined to the center
of the body. A slight tendency to crustification was noted in places.
The second type is characterized by larger grains of quartz which
commonly showed cataclastic structure, and also a great number
of carbonic acid inclusions. These veins are cut by those of the
other type. Some of them also show the presence of considerable
of the quartz characteristic of the first type which had evidently
been deposited after the older quartz had been deformed. In the
older quartz veins, the microscope reveals apatite, spinel, corun-
dum, magnetite, rutile, garnet, chalcopyrite, plagioclase, albite,
oligoclase, andesine, and some orthoclase and microperthite.

Within the contact zone it was noted that the older quartz lenses
had exerted a contact affect in addition to, and super-imposed
upon, that of the granites. This took the form of a marked increase
in the size of the grain of the material adjoining the quartz masses,
also by the introduction of garnet; wolframite and scheelite were
also noted. This phenomena appears to have been quite marked.
Although the same quartz lenses extend out into the clay slates, the
rock adjoining the lenses was not here affected.

As interpreted by Baumgirtel, the above facts indicate that
the older quartz lenses exerted a further contact metamorphic
effect which was super-imposed on that exerted by the granite.
These lenses are thought to be genetically associated with the
granite, and are considered to represent a slightly later phase of the
intrusion. The common origin of the quartz of the lenses and that
of the granite is indicated by their similarity, including the com-
mon presence of inclusions of carbonic acid. That the quartz lenses
exerted no affect on unaltered slate adjoining the contact meta-
morphic aureole is thought to be due to the slates not being hot
enough at the time of the quartz intrusion—the quartz masses
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were only able to exert contact metamorphism where the granite
massif had already raised the temperature of the rocks. The
younger quartz lenses represent a later and real hydrothermal
phase, their lower temperature and different character being in-
dicated by the complete absence of contact metamorphic affects
and by quartz free from carbonic acid inclusions, as well as by
other features of mineral composition.

DiscussioN

The present writer is of the opinion that the apparent contact
metamorphism exerted by the quartz lenses as described by Baum-
girtel, is a strong indication that they represent solidified mag-
matic material, but that the evidence is not wholly conclusive. If
the quartz lenses had exerted contact metamorphism outside of
the area metamorphosed by the granite, the evidence would have
been unimpeachable. Normal contact metamorphism is a phe-
nomena caused typically only by igneous rocks. In the case under
discussion, however, it is thought probable that a hydrothermal
solution, on emanating from the parent solidifying magma, would
carry sufficient heat, which, coupled with the effect of accompany-
ing gases would increase the molecular activity in the material ad-
joining the vein to such an extent as to cause the additional meta-
morphism. No great amount of additional heat, or of other con-
tact metamorphic factors, would be required to merely accen-
tuate the phenomena due to the granite mass. The character of
the quartz, whether of the a or § modification was not determined.

Rock magmas have different temperatures of consolidation, de-
pending on their composition. It would be expected also that
hydrothermal solutions on emanation from a consolidating magma
would have various temperatures depending, among other factors,
on the composition and temperature of the parent magma, and on
the composition of the solution itself. The temperature at which
the different constituents of the solution would be deposited would
depend on their composition and their relative concentration in the
solution. The temperature of formation of a mineral, either de-
posited from a solution or representing the constituent of a solidi-
fied melt, is such a variable factor that the determination of the
temperature of formation of a mineral present in a quartz body has
little diagnostic value in determining whether the quartz mass
represents high temperature vein material or an igneous rock. A



296 THE AMERICAN MINERALOGIST

mineral might under one set of physical conditions form as a pri-
mary constituent of an igneous rock at a lower temperature than
it would be deposited from a hydrothermal solution under another
set of conditions. Of course, if there is an evident association be-
tween the quartz mass and igneous rock, the igneous rock had a
higher temperature of formation than the later quartz masses.
Inasmuch as there is a gradation from quartzose igneous rocks
into hydrothermal veins, the determination of the temperature of
formation of quartz at a particular place in the sequence would
tell us little.

The question remains whether there is any mineral commonly
present in quartz masses that might be of diagnostic value. The
presence of perthite in the last two examples discussed and some
previous ones suggests that it may be such a mineral. As far as
could be determined by the writer, it does not occur as an orthodox
vein mineral. Makinen® points out, also indicated by Warren,5
that potassium and sodium feldspars form an isomorphous series
of mix-crystals at higher temperatures. Under these conditions we
get K-feldspar containing large percentages of Ab (+An) in their
composition. Likewise the albite contains considerable K-feldspar.
If the feldspars are formed at lower temperature, there is a forma-
tion of nearly pure K and Ab (4 An) feldspar. Whether these
constituents are in the form of an intergrowth or as separate
crystals it is thought to depend on the rate of cooling;® if cooled
quickly, the perthitic intergrowth will be produced; if slowly,
the constituents will be completely separated. Under yet lower
temperatures, are formed the purest feldspars; adularia, with little
Ab (+An), and plagioclase with almost no K-feldspar. They con-
stitute the feldspars normally found in veins.

Perthite, then, occurs normally, not as a vein mineral but as a
pegmatite feldspar.® It is therefore suggested that the presence of
perthite in a quartz rock is indicative of an igneous origin.

Even if the diagnostic value of the presence of perthite is granted,
the problem still remains as to the origin of quartz masses in which

5% Makinen, E., Uber die Alkalifeldspate. Geol. Firen, Forkandl., bd. 39, p. 121,
1917.

8 Warren, C. H., A Quantitative study of Certain Perthitic Feldspars. Proc.
Am. Ac. Arts and Sci., vol. 51, No. 3, p. 145, 1915,

8 Warren, C. H., Op. cit., p. 154.

8 Makinen, E., Op. cit., p. 134,
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<
perthite is absent. No other minerals of common occurrence in
quartz masses suggest themselves to the writer which would be
of diagnostic value in this regard.

CONCLUSION

According to the prevailing theory as to the operation of mag-
matic differentiation, a gradation with increasing quartz from
typical igneous rock into quartz veins of undoubted hydrothermal
origin would be expected. Gradation from alaskites, pegmatites,
or aplites and practically pure quartz masses have been so fre-
quently alluded to in the literature that there is no doubt as to
their occurrence. This, however, does little more than prove their
genetic association.

As the gradation between igneous rocks and hydrothermal veins
is represented, in some places at least, by highly quartzose ma-
terial, it is believed that some of the quartz-rich masses are quartz
dikes. The gradational relation makes it exceedingly difficult to
distinguish between quartz dikes and quartz veins.

Mineral composition may be diagnostic; it is thought inasmuch
as perthite is not an orthodox vein forming mineral, its presence in
a quartz mass would indicate an igneous origin.

Evidence of mode of emplacement might be indicative; quartz
masses might be intruded laccolithically on a small scale, as indi-
cated by structures formed in the intruded rock, or they might
be intruded throughout their not yet entirely solidified parent
mass, as is the case of the silexites of northern New York as inter-
preted by Miller.

Igneous metamorphism, exerted under normal conditions by a
quartz mass, would be diagnostic but in the literature, there is
no unimpeachable evidence that such exists.
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