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Abstract

Pegmaﬁitea are grouped in three divisions on the basis of
their location with respect to the source intrusive: Interior,
Marginal, and Exterior. Interior pegmatites are within the
intrusive, simple s and usually barren of rarer minerals. Mar-
ginal pegmatites are complex and occur along the zone of con~
tact between the intmsive and the invaded country rock, but
still on the intrusive side of the contact. Exterior pegmatites
occur in the country rock, are simple to complex, and may have

several advanced hydrothermal phases.

Five districts that show all three types are discussed.
Namaqualand in South Africa, Erongo in South-West Africa and
‘Eight Mile prark, Colorado, are treated in detail. Spruce Pine
in North Carolina and the Preissac-La Carne area, Quebec, are

discussed briefly.

The five districts have similar features of structure,
minefalogy, and distribution among the pegmatites that support

the eriteria used in the spatial classification.



MASTER'S THESIS

RELATIVE DISTANCE FROM SOURCE INTRUSIVE
AS A FACTOR IN PEGMATITE VARIATION.

John Jesse Hayes

Introduction

Purpose

This paper discusses pegmatite; related to batholithic
intruéions and attempts to demonstrate that the internal
structure and mineral content of the pegmatites of any one
district are functions of their relative distance from the

batholith.

The pegmatites are grouped in three divisions on the

- basis of their location with respect to the source intrusive:
Interior, Marginal, and Exterior. This nomenclature follows
the terminology of Gevers (1936, p. 339) and suggestions by

Dr. E. Wm. Heinrich of the Depabrtment of Mineralogy, University
of Michigan. +The Interior pegmatites‘ are within the intrusive
and are comparativély simple and barren of the rarer minerals;
the marginal ones are complex and lie along the zone of contact
between the intrusive and the invaded country rock, but on the
intrusive side of the contact; the exterior pegmatites occur |
in the country rock at varying distances from the inmtrusive,
are simple to complex, and may have an advanced series of hydro-

thermal phases,



vistricts which show all three types associated with a

single source intrusive are described.
Previous work

The division of pegmatites associated with a single source
intrusive into three groups, interior, marginal, and exterior
was proposed by Gevers (1936, p. 339) in describing the pegma-
tites of Namaqualand. Hmmons (1933, p. 331) in describing the
events attending and following the intrusion of a batholith em-
phasizes the restriction of pegmatites to the core (inmterior),
hood (interior and marginal), and roof (exterior). Balk (1937,
p. 106) mentions marginal pégmatites which occur'along the con-
tacts of an igneous mass near Bornholm, Sweden. In discussing
the effect of structure on pegmatite intruéion, Léndes (1942)
divides pegmatites into two groups: 1) those found in cryst.ailine

foliates and 2) those occurring in massive rocks.

This paper was written under the supervision and guidance
of Dr. E. Wim. Heinrich of the Department of Mineralogy, Univers:.ty
of Michigan. The author also wishes to acknowledge the helpful
suggestions and criticisms of Dr. K.K. Landes and Dr. F.S.

Turneaure during the preparation of the manuscripb;
General Features of Pegmatites

There are many problems concerning the relationships of
pegmatites to batholith crystallization, hydrothermal solutions,

structural control and method of emplacement, which this paper
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does not attempt to discuss in detail. However, it may be well
to consider briefly the current concepts concerning origin,
nature, and empiacement of pegmatites for the purpose of defining
the emphasis which will be placed on certain of these principles
as they apply to the spatial and mineralogical distribution of

pegmatites with relation to the parent igneous body.

The development of the theories on pegmatite origin, which
was thoroughly reviewed by Landes (1933), has progressed through
the now largely discarded hypothesis of lateral secretion to the
widely accepted concept of formation of the pegmatites that con-
tain the rararwconstituehts. The formation of the complex peg-
matites involves two distinct processes:

1) A primary period of magma crystallization followed by

2) A hydrothermal period. The hydrothermal period may con-
sist of several phases of alteration of the primary pegmatite
minerals by chemically different solutions that react with the

earlier minerals in a more or less well-defined sequence.

The impor?ance of hydrothermal replacement in the formation
of some pegmatites was emphasized in 1925 by the independently
published investigations of Schaller, Mullbauer, Landes, Cook,
and Hess. The evidence, evaluated by Landes (1933), indicates
that the primary period of crystallization takes piace from a
volatile-rich and highly mobile residual portion left over from
the consolidation of the batholith. This residual portion crystal-

lizes after the fashion of the source intrusive but with a lower



freezing point and with larger crystals. This magmatic period,
which forms the "essential" pegmatite minerals, such as micro-
cline, bet.a—quarﬁz, and primary mica, may be accompapnied by a
certain amount of reaction of the earlier minerals with the un-
crystallized liquid in which they form. The "deuteric" perﬁhités
described by Alling (1932, p. 54) and the graéhic gran:ites may be

cited as possible examples of this early magmatic alteration.

In the majority of pegmatites the magmatic périod marks the
end of the process éf férmation. Mineralization ié carried no
further and the remaining volatiles in solution escape into other
channels. There are no ia’cer alterations and the deposits may be
sealed off from renewed reaction with later solutions by complete
consolidation of the pegmatite. These ére the gsimple pegmatites,
and unless they are re-opéned to hydrothemal activity, they re-~

main essentially similar in composition to the parent intrusive.

The second, or hydrothermal period of pegmatite formation
occuré in an extremely small number of pegmatites as compared
/wi’c.h the total number of known occurrences. These may be simple
pegmatites in channels that were re-opened to a later flow of
solutions by fracturing caused by differential movements of the
surrounding rocks, or pegmatites that have never been completely
cut off from the residual magma chamber. The replacement minerals
developed in this way contain much higher émounts of water, boron,
fluorine and other mineralizers than do the primary minerals of

the parent body or the essential minerals of the simple pegmatites.



These are the gomplex pegxnatites which contain most of the minerals

of economic importance.

The source of the altering solutions has not yet been satis-
factorily explained. They may represent material which is being
rejected by the still crystallizing portions of the batholith, or
further residué.ls from pegmatites being formed at grqat.er depth,
or possibly, in the case of the largest pegmatites, from material
contained m.thln the pegmatite itself and representing an ultimate
residual left over from crystallization. It is aiso possible

that the source of solutions may be different in one pegmatite

locality from that in another.
Relation to Batholith Crystallization

Pegmatites are found associated with intrusive bodies of
‘nearly all types of igneous rocks, but the vast majority occur
within or peripheral to granite batholiths. Emmons (1940, p. 189)
has postulated the sequence of events in the emplacement of a “
typlcal batholith during which solidification takes place from
the top downward to result in a capping shell or *"hood" enclosing
a still liquid interior. As the interior cools, certain char-
acteristic minerals. crystallize early, and thereby remove the
more basic constituents from the magma, leaving it progressively
enriched in alkalies and volatiles. Vapor pressure in the re-
sidual magma rises, fracturing of the hood takes place, and there
is a resulting injection of the residual material into the hood

and the adjacent roof rock where it begins the primary or magmatic



period of pegmatite crystallization.

As fluids high in volatiles and, in same cases, possibly
containing &etallic sulphides, continue to rise from the interior
they follow whatever channels of escape are available. If they
originate as vapors they become liquid as they move into a cooler

environment.

If this order of events is the case, it is not difficult to
conceive that these fluids will preferentially follow channels
through established iones of fracture that have already Seen
travelled by pegmatitic fluids and, in those places where they
have aécess to previously emplaced pegmatites, become the hydro-
thermal replacemeht solutions of the complex pegmatites. If
pegmatite crystallizatiﬁn closes these origihal injection channels,
or if new openings are formed by the pressure of the fluids or
movements of the hood, the solutions escape elsewhere, the peg-
matites are unaffected and remain simple in composition. The
gases and liquids may thén function in the general sequence of
vein formation and replacement deposition, and if high in the
metallie constituents, as the ore solutions. Such a combination
of events at this stage of batholith consolidation might account
for the presence of both simple and complex pegmatites in re-
stricted areas in the marginal and exterior portions of some

granitic bodies.

The absence of complex minerals in the deep interior of

batholiths, according to Emmons (1940, p. 189), suggests that
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the core was the only source of the high-volatile materials and
that these were gradually eliminated during crystallization of
the main mass. This idea is supported by the mineralogy of peg-
matites found in the deepest interior portions. They are usually
of the simplest quartz-feldspar type and probably represented the
rejected material that crystallized last. These pegmatites,
situated at random wherever they were enclosed by the general
econsolidation of the core, are the segregation pegmatites such
as those described by Williams (1895, p. 675) in Maryland, the
riebeckite-aegerite pegmatites of the Quincy Granite, Massachusetts
(Warren and Palache, 1911), and possibly the sanidine pegmatites
of Grant County, New Mexico (Kelley and Branson, 1947).
Relation between Pegmatites and
Hydrothermal Veins

As inveétigations continue, it is becoming apparent that
there is a close relationship between the source material for
pegmatites and that for hydrothermal veins. An examination of
deeply-eroded, pegmatite-producing granite batholiths shows that
some of them have in association, hydrothermal vein deposits rich
in metallic elements. Other batholiths have none or the veins
are present to a limited degree. Yet both types of intrusives
may have produced large numbers of simple to complex pegmatites.
This would indiecate that batholithic magmas, similar in all
other respects, may vary markedly'in thq}f content of metallic
constituents in quantity as well as in kind. In certain metal-

producing batholiths, pegmatites subjected to hydrothermal



replacement by post-pegmétite solutions contain appreciable
quantities of the metals characteristic of the ore deposits in the
area, as for example, the tin-bearing pegmatites of northern
Bolivia (Ahlfeld, 1936, p. 59), which are associated with the
cupola regions of a quartz monzonite or granodiorite batholiih,
genetically related to the source intrusive of the tin deposits

of the Cordillera Heal. In these pegmatites, cassiterite ores,
locally of commercial grade, occur with molybdenite and tourmaline
as later fillings of fractures and pockets within the pegmatites
(Turneaure, 1947, p. 53). Numerous other examples of post-pegma-
tite metallization of this type have been described, such as the
tin-bearing pegmatites of the Erongo region, South West Africa
(Gevers and Frommurze, 1929), the common occurrence of tungsten,
also in Bolivian pegmatites (Ahlfeld, 1936, p. 59), and the con-
sistent occurrence of molybdenite in many pegmatite localities.,
Landes (1937, p. 559) divides the pegmatite-producing magmas into
two groups:

1. Granitic magmas £hat produce abundant pegmatites and have
later hydrothermal solutions that precipitate tin, tungsten and
molybdenum minerals in the pegmatites, as well as in veins near
and for some distance around the pegmatites.

2. Intermediate magmas (granodiorite, monzonite, diorite,
etc.) that have greater variety and volume of metallie ore minerals
and that produce a minor pegmatite phase before entering the‘

hydrothermal phase.

A significant variation from Landes' second group is the



occurrence of abundant tin associated with an intermediate

magma in the Cordillera heal of Bolivia. Lindgren (1926, p. 140)
describes the parent rock at Caracoles as quartz monzonite sim-
ilar in nature to the quartz monzonites at Leadville and Telluride,

Colorado and to parts of the Boulder Batholith in Montana.

It is génerally considered that the pegmatite fluid is one
of an aqueo-igneous fusion, rich in volatiles, yet not nearly so
mobile as the ore solution which is capable of pehetrating minute
cracks and pore spaces. The dilute character and high water con-
tent of the ore solution enable it to cause extensive wall rock
alteration, impossible f&r the less active pegmatite fluid.
Again, it is generally agreed that the starting point for both

is the silicate, orthomagmatic solution of the parent magma.

Most authors have also agreed that crystallization of the
orthomagmatic solution causes a gradual concentration of the
volatiles in a residual portion. Fenner (1933, p. 73) proposes
a separation of a highly mobile ore solution at an early stage
in the consolidation of the magma and the formation of a residual
liquid which is the pegmatite solution. He emphasizes the separation
and transportation of the metallic constituents by a vapor phase
with eventual condensation to form the liquid ore solution.

Ingerson and Morey (1940) consider that the ore solution was

produced late in the cycle, but chiefly in a liquid form.

Bowen (1933, pp. 117-118) considers the ore solution to be
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derived from the pegmatite residual through the separation of a
vapor phase by a process of boiling to eventually become the ore
1iquid by condensation. Graton (1940, p. 326) is opposed to
Bowen and Fenner and concludes that the ore solutions do not

pass through a vapor stage. He suggests two possibilities, which
are as follows:

1. The ore fluid is a residual liquid, representing a more
advanced stage in differentiation of the pegmatite fluid and has
a more specialized composition.

2. The ore fluid represents an immiscible separation from

a residual liquid of a pegmatitic character.
Struetural Control of Emplacement

in Undisturbed Sedimentary Rocks. The'extent of pegmatite

emplaéement in the surrounding rocks and the forms that they

take are largely determined by the structure of the invaded rocks.
Pegmatite occurrences in unaltered sedimentary rocks are almost
unknown., It is difficuit to conceive of pegmatite emplacement of
any extent in sediments that have not been greatly affected by the
intrusion of the parenmt igneous body. A small pegmatite in the
Lower Paleozoic sedimentary rocks of the Decaturville Dome, Missouri,
has been described, but because of the complete absencé of contact
alteration of the surrounding rocks, it is considered by Tolman
and Landes (1939) to be a former resistant feature on the old pre-
Cambrian erosion surface which was later covered by sediments.

Emerald and pegmatite occurrences have been described in the
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intensely folded Cretaceous marine shales near Muzo, Colombia
(Oppenheim, 1948), that apparently are related to a deep-seated

Tertiary intrusive.

More typical are the occurrences described by Gevers and
Frommurze (1929) in the Erongo area of Damaraland where a few
p_egmatites s in.é region remarkable for its vast numbers of
pegmatites, intrude sedimentaries that are much altered to
quartzites and marbles by granite intrusions and tectonic dis-

turbances preceding and accompanying pegmatite emplacement.

In Non-foliated Rocks. Emplacement control in non-foliated

rocks is established by the formation of fracture systems which
are used as channels by the escaping magmatic solutions (Balk,
1937). The fractures may occur in the upper and earlier con-
solidated portions of the parent batholith (Emmons, 1940, p. 189)
or, where igneous country rocks are intruded, fractures may be
opened in the invaded rocks by the force of the intrusion. |
Bjdrlykke (1937) e:Cplains‘ the emplacement of the granite pegma-

tites of southern Norway on this basis.

Pegmatites may be emplaced in any openings in massive rocks,
whose shapes will determine the shapes of the pegmatites. The
majority of pegmatites are highly irregular in form, and no one
form is characteristic of them as a whole, Vhere they fill
cross-cutting fissures they assume the conventional dike form.

Others are rudely tabular or tend to acquire a lens-like shape.
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At the intersections of fracture planes they may form pipes as
do the tin-bearing pegmatites of the Zaaiplaats district, South
Africa (Kynaston and Mellor, 1909). Few pegmatites have been
observed through any great vertical distance as compared with
length. |

In Foliated Rocks. Structural control of pegmatite em~

placement is very marked in many localities where pegmatites
have been intruded into schistose or gneissose rock. Gevers
and Frommurze (1929) describe pegmatite dikes associated with
phacolithic grénite bodies intruded parallel with the bedding
planes of sedimentary schists. Similar parallelism to schist-
osity has been noted by Anderson in Latah County, Idaho (1933),
by licLaughlin in the Bridger Mountains of Wybming (19&0), and

by Duncan in the Harney Peak region of the Black Hills (1913).

In the Bridger liountains, IlicLaughlin states that the older
pegmafites conform to the joints that parallel the foliation of
the pre-Cambrian schistose country rock, and that the younger
ones parallel the directions of later jointing. Broedel (1937,
p. 158) is describing the gneiss domes near Baltimore, lMaryland,
states that pegmatites ére both conformable and nsn—conformable.
The larger ones occur in swarms following the strike of the
formations, and are most abundant in-the schists along the tlanks

of domes and folds.

Lit-par-lit injections are very common in schist and gneiss,
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where the pegmatites form thin tabular bodies alternating with
and parallel to the original banding of the rock. In some occurrences
the injected material is so abundant that it equals or exceeds the

host rock.

Many notable exceptions to this idea of the parallelism of
pegmatites to foliated rocks may be cited, for example, the
Orange River area of Namaqualand (Gevers, Frommurze, and Par-
tridge, 1936) where the majority of pégmatites are discordant to

the schistosity.
General Sequence of Mineralization

Pegmatite crystallization begins at a time when magmatic
conditions prevail. 'The initial consolidation is characterized
by the extensive deveiopment of microcline and beta-quartz.
These two minerals are often accompanied by the formation of
varying amounts of perthite and graphic granite, and such early
minerals as common beryl, black tourmaline, muscovite, apatite,
and red garnet. If zoning is to be developed in the pegmatite

it is established at this time.

‘'he hydrothermal stage, which may initiate a series of
phases each characterized by the presence of one or more of the
volatile elements and the resulting deposition of a characteristic
mineral suite, begins near the end of, or shortly after the

magmatic stage.
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The two most common replacement processes are muscovitization
and albitization which are often nearly simultaneous. Muscovite
widely replaces both feldspar and the early beta-quartz, while
albitization results in the exchange of sodium for potassium in
the feldspars. Following these, or in some cases preceeding ﬁheir
completion, may be some of the phases in various sequences as
listed below.

1. Lithium phase with the development of minerals such as
spodumene, amblygonite, and lepidolite as in the Keystone dis-
trict of South Dakota (Landes, 1928), Madagascar (Gratacap,

1916), and Namaqualand (Gevers, 1936).

‘2. Boron phase with some lithium producing later colored
tourmalines., )

3, Fluorine phase like that developed in the cryolite-
pegmatites of Ivigtut, Greenland (Baldauf and Beck, 1910), and
in the St. Peter's Dome area of Colorado (Landes, 1935).

L. Beryllium phase producing late beryllium minerals of a
rare earth and gem*type,‘as in central Maine (Landes, 1925;

Bastin, 1911), Madagascar, and Brazil.

Phosphate and rare earth and metallic element occurrences

are widely known but much less common.

A1l of the minerals of both the magmatic and hydrothermal
stages are subject to alteration by supergene processes and to

reactions with post-pegmatite solutions which are in no way
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genetically associated with the formation of the original deposit.
General Concept of Zoning

The concept of primary zoning within pegmatites is one
which has been discussed by R.H. Jahns in his studies of the
mica pegmatites in the Petaca district of New Mexico (1946,
pP. 42). The following statements have been taken largely fram

his summary of the subject.

Zones are developed early in the formation of a pegmatite
and consist of more or less concentric shells with a character-
istic texture or composed of minerals deposited about a central
core. These shells or zones are rarely developed in a complete
fashion and may be extremely irregular or aliogether lacking in

places.
The zones have been classified as follows:

1. A border zone consisting of a selvage of fine- to
medium-grain, usually only a few inches thick, which may
be sharpiy defined or may grade into the adjacent country
rock. It is apparently established by the degree of re-

action between the pegmatite and the country ré%k.

2. A wall zone which is developed inside the border
zone and is much thicker and of coarser grain. It is
usually well-defined (in the Petaca district) but also

may grade imperceptibly into both the border zone and
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the interior of the pegmatite. The zone may be considerably

modified by replacement solutions subsequent to its formation.

3. Ihtermediate zones lie between the core and the wall
zone and may be of variable thickness and, in some pegmatites,

divisible into two or three zones. Often they are completely

lacking and usually are incomplete.

L. The core occurs near the center of the pegmatite and
seems to be the last to form. Usually it is composed of
massive quartz with subordinate and scattered amounts of
feldspar. Cores are not necessarily continuous and in the
elongated bodies may have a pod-like shape, or be strung out

into a disconnected chain of smaller pods.
Classification of Pegmatites

The classification used in this paper is based upon the
spatial distribution of pegmatites with respect to the parent
intrusive. In so doing, the author has drawn freely upon the
system used by Gevers (1936, p. 339) in describing the Namaqua-
land pegmatites, and the criteria developed by Emons (1933)
and other writers concerning the mode and sequence of pegmaﬁite

emplacement during the cooling of a batholith.

Pegmatites are divided into three groups: interior, marginal,

and exterior. The interior pegmatites correspond to those Emmons

allocates to the core regions of the batholith; the marginal
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pegmatites are located in the early consolidated hood region; the
exterior ones are all those formed outside the parent body in the
invaded country rock. In this paper only the granite pegmatites

are considered.

The characteristic features of the pegmatites are given in

the following paragraphs:

Interior. The interior pegmatites are simple in mineralogy
and show little evidence of high-~-temperature replacements. They
consist almost entirely of quartz and feldspar, with minor amounts
of schorl, garnet, or muscovite, and compare closely in composition
and mineral relationships with the enclosing rock. The pegmatites
are irregularly distributed throughout the core of the batholith
and are generally small in size, although in some cases they
may grade into a pegmatite facies of considerable extent, as in
the Harney Peak granite of the Black Hills (Darton and Paige,
1924). In general, they become fewer in number at depth with re-

spect to the batholith.

Their shapes vary, ranging from a roughly pipe-like or
prolate—sggroid form as in certain of the segregation pegmatites
which have a boundary marked only by a change in texture and an
increase in grain size inward from the enclosing rock, to in-
tricate stockworks of irregular, narrow, anastomosing veins with
sharp boundaries. Between these two extremes the interior peg-
matites may assume any shape or orientation, and in some cases

zoning may be developed.
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Marginal. The marginal pegmatites also occur within the parent
intrusive but are restricted to the outer portions corresponding to
Emmons' hood region, which crystallized early in the upper part of
the batholith and was later fractured by contraction due to cooling,

' vapor pressures, or tectonic stresses.

The mineralogy of the marginal pegmatites may be either simple
or complex, depending upon whether or not the pegmatites were sub-
Jected to hydrothermal alteration subsequent to emplacement.

Their shape and size are determined by the nature of the
openings into which they have been injected. Many pegmatites
give indication of having maintained an open system for the passage
of solutions from the time of their forrzation until the conclusion
of igneous Aétivit.y. Others may ‘ha;:e had open‘ systems inter-
mittently, the channels being sealed by pegmatite crystallizat.ion,A
then opened again by differential movement of the surrounding
rock. Still others were apparently sealed off from later emanations
soon after emplacement, were never re-opened and remained as simple
pegmatites with a mineralization similar to that of the deeper
interior pegmatites. In general, the contacts with the enclosing

rock are sharp with little development of contact metamorphism.

Exterior. Under the grouping of exterior pegmatites are
included all those found outside of the igneous boedy in the in-
vaded country rock. Their distribution is greatest in the roof

rock above and along the upper sides of the batholith, and they



may extend for a considerable distance away from it. Near the
granite body they may mingle with those of the marginal group,
as in the case of indiiridual pegmatites that lie partly in

couhtry rock and partly in granite. Occurrences of this type

are relatively uncommon, however.

The mineralogy is essentially similar to that of the mar-
ginal pegmatites except where it is influenced by contact with
the country rock. Under this headir;g may be included the con-
tact and migmatic pegmatites of Fersménn (1931) in which the
pegmatite may have acquired a limited amount of material by
interaction with the coun’crj rock, or there may have been a
development ofv a mixed magma through assimilation of country

rock by an extremely high-temperature pegmatite solution.

Hydrothermal alteration, in nearly all distriéts , has its
greatest development in the exterior pegmatites and the principles
of zoning may perhaps be more consistently demonstrated in these
pegmatites than in those of the interior and marginal regions,
with due consideration to the effects of pre-heating and the

susceptibility of the country rocks to contact metamorphism.

¥* #* #* L * G * 3¢ 3¢ *

The following areas of pegmatites will be reviewed with

the application of these generalized considerations in mind.
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Namaqualand Pegmatites

General Statement

The Namaqualand pegmatites, which were described by Gevers
in 1936, oceur in a zone extending for 150 miles along the
Orange Hiver in South Africa and are within a large area of
pegmatite occurrences that extends over Namaqualand, Gordonia,
and Bushmanland. The pegmatites are in the broad zone of con-
tact between the Namagualand batholith of pre-Cambrian gneiss
and the igneous rock that it intrudes. 71he batholith and the
~intruded country rocks form part of the Old Granite-Gneiss com~

plex of South Africa.

The pegmatites are simple to complex and muscovitization
and albitization are the dominant alterations. The later series
of hydrothermal phases in the complex pegmatites begins with the
deposition of lithium and rare earth minerals and ends with
sulphide replacements. Quartz-tourmaline veins are associated

with the complex pegmatites and show the sulphide stage.

The oldest rocks of the region are the metaﬁorphosed lavas
and sedimentaries of the Kheis System of South Africa which was
intruded at various times>by several types of igneous rocks.
The sequence of intrusion is summarized aé’follows:

1. Ultramafic to mafic rocks ranging composition from

peridotite to hornblende diorite.

A}
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2. Normal diorite with gneissoid structure.

3. A variety of granites.

4. The Namaqualand batholith and its acid differentiates.
5. Parallel mafic dikes in swarms that are later than and

that transect the general trend of the pegmatites.

These intrusions were accompanied by great tectonic stresses
that produced shearing along parallel zones which, in tuwrn, in-
fluenced the emplacement of the larger intruding bodies and re-
sulted in their alignment in a general east-west direction. At
the time of pegmatite emplacement the stresses were still active
but of reduced intensity as indicated by marked deformation of
minerals in the younger granites and less e¢rystal deformation in

the pegmatites.
Rock Descriptions

The Invaded Hocks. The subordinate sheis rocks {(mogers,

1914) which consist of remnants of altered quartzites, schists,
and massive, amygdaloidal, basic lavas, much sheared, are of
little importance in the development of the pegmatites. Thé
ultramafic and mafic rocks of the first post-Kheis intrusions
include a series of diorites that contain large amounts of
augite, hornblende and biotite, and in many places these gradp
into tonalites. The most extensively distributed rocks of the
pegmatite area, hdwever, are the biotite and hornblende granites

of the third intrusive period. For the most part these are
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coarse and unfoliated, commonly porphyritic in texture, and in
many places grade into quartz monzonites and high-quartz grano-
diorites. Shearing and foliation of these granites are most pro-
nounced along the contact with the Namaqualand batholith in the

area of most abundant pegmatites.

The Intruding Body. The Namaqualand batholith is represented a-

long its northern border in the Orange River area by a series of acid
rocks, the most common of which is a red aplitic granite, that Gevers
(1936, p. 337) judges to be the marginal facies of the batholith.
This in turn grades southwafd into the typical biotite-gneiss of

the main intrusive mass. Deep erosion has removed most of the
original roof features of the batholith, and the exposed pegmatites

are those formed along the sides and interior of the source intrusive.
Pegmatites

Interior. The interior pegmatites are numerous and consist
mostly of narrow veins and veinlets that are barren of the rarer
minerals and are but slightly altered. Mineralization consists
almost entirely of the "essential® minerals of the early magmatic
period —=-- beta—quartz; microclihe, some muscovite, red garnet,

and scattered small crystals of black tourmaline and beryl.

Marginal. The marginal pegmatites are somewhat less numerous
than the exterior ones and are confined to a zone on the intrusive

side of the contact which is relatively narrow compared with the
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wide band occupied by the exterior pegmatites. They may be
distinguished from the exterior pegmatites chiefly by their
distribution and generally less extensive alteration and min-

eral variety.

Exterior. The exterior pegmatites occur in great abundance
in a zone héving a maximum width of 10 miles. They contain the
great majority of the rarer minerals, the variety and abundance
of which decreases away from the contact with the batholith.
They are intruded into the older consolidated portions of the
parent rock as are the marginal pegmatites, and are dike-like,
pod-like, or completely irregular in shape. The majority of
them cut across the intrusive contacts, foliation, and schistosity
of the country rocks. Gevers (1937, p. 342) noﬁes that few in-
dividual bodies have extent in depth, but the total vertical
range of pegmatite exposures is over 2,000 feet with little var-

iation in mineralogy.

Of intermittent occurrence among the exterior pegmatites
are large, dike-~like bodies, 100 to 150 feet wide and as much
as a mile long, spaced at intervals roughly one and one-half
miles apart. In the space between great numbers of smaller peg-
matites form intricate stockworks that extend for hundreds of

feet vertically and horizontally.

Numerous tungsten-bearing, quartz-tourmaline veins occur

close to the exterior pegmatites. For the most part they are
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located farther out from the contact than the areas containing

the largest numbers of pegmatites.

Zoning

Zoning, especially in the exterior pegmatites, is of
common occurrence.and has strongly influenced the distribution
of the minerals of the hydrothermal stages, not only within
the individual pegmatites but also in the area as a whole.
Gevers states (1937, p. 342)

All minerals found in pegmatites
are associated with zones of intense alteration of
the original pegmatite base, The alteration is almost
without exception closely connected with bodies of
later alpha-quartz.

These alpha-quartz bodies, or cores located near the center
or along the margin of the pegmatites, are commohly lens- or
pod-shaped and occur either as a single, continuous unit or as
a series of separate bodies strung out for a considerable dis-
tance within the pegmatite. The alterations may extend for
several yards outward from the relatively unaffected quartz core
and apparently represent hydrothermal replacement of the inter-
mediate zones, possibly guided by the contact of the core with
the intermediate zone., Nearly all of the less common minerals

of the district are restricted to these zones, with the exception

of red garnet and occasional small crystals of beryl.
Paragenesis

The magmatic stage of pegmatite crystallization resulted
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in the formation of the "essential™ minerals (microcline, ortho-
clase, and beta-quartz) along with'minor amounts of zircon, apa-
tite, and red garnet. Later magmatic replacements of these min-

erals resulted in the formation of more red garnet and muscovite.

During the following hydrothermal phases quartz was con-
stantly deposited and occurs interstitial to even the latest
formed hydrothermal minerals. Black tourmaline was formed first,
followed by red garnet, common beryl, apatite, columbite-tantalite,
the rare earth minerals (euxenite, monazite, xenotime, and poly-
crase), albite, and spodumene. Albitization, accompanied by the
formation of spodumene, was the dominant alteration process during
the earlier hydrothermal period, but gave way in the later stages
to muscovitization accompanied by the deposition éf lepidolite
which replaced the feldspars, tourmaline and spodumene. In the
later stages were formed lithiophyllite, scheelite, the sﬁlphides,
molybdenite, bBismuthinite, and chalcopyrite, and also the quartz-
tourmaline veins containing scheelite and apatite. These veins

frequently have pegmatitic portions.
Evaluation

The abundance of the less common minerals in the Namagqualand
pegmatites appears to vary directly with the distance of the peg-
matites fram the zone of contact between the batholith and the
country rock. The marginal pegmatites which are located on the

intrusive side of the contact, have a markedly smaller number of
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minerals than do the exterior ones located within the wide
contact zone. Again, as the distance of the exterior pegmatites
from the contact zone becomes greater, the number of minerals

becomes less.,

Withbthe exception of the scheelite and apatite occurrences
which are restricted to the quartz-tourmaline veins outside of
the zZone of abundant pegmatites, there does not appear to be a
regional distribution of minerals in the area, with one group of
minerals more characteristic than another in mappable units as
mineral zones. Mineral distribution is more distinctly divisible
upon the basis of abundance raﬁher than variety. Gevers observes
(p. 341) that the very large marginal and exterior pegmatites
do not have significant amounts of the rarer minerals and that
the same is true at localities where the smaller pegmatites

occur in the greatest numbers.

Zoning within the pegmatites is most pronounced in and
close to the contact between ﬁhe batholith and the country rock
and has directly influenced the kind, number, and localization
of the hydrothermal minerals in the complex pegmatites of the

region.

Eight Mile Park Pegmatites

General Statement

The Eight Mile Park pegmatite area is in Fremont County,
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Colorado, a few miles west of Canon City on the north rim of
the Royal Gorge of the Arkansas River. It has an areal extent
of approximately 25 square miles., The abundant pegmatites lie
in the zone of contact between the Pikes Peak granite batholith
of probable middle Proterozoic age (Heinrich, 1948), and the
much metamorphosed Idaho Springs formation. The locality has
been briefly discussed by Bastin (1910), Finlay (1916), and
Landes (1935), and was visited by the author in April of 1947.
The only detailed study of the pegmatites is that made by

Heinrich in 1947.

The pegmatites are simple ahd complex. Muscovitization is
the most characteristic alteration process, but during the hydro-
thermal phases the pre-existing minerals were locally replaced
by large amounts of feldspar and abundant beryllium and lithium

minerals.

The Idaho Springs formation, which is the oldest rock in
the area, was intensely metamofphosed into schist and later in-
truded by mafic sills before intrusion of the Pikes Peak granite.
Injection of dikes and sills of aplitic material took place
during the final consolidation of the granite mass and preceded
the intrusion of the pegmatites. The pegmatites were emplaced
along fracture sets in the granite as dikes and sills, and in
the schist country rock as dikes parallel to the foliation.,

Accompanying the emplacement of the pegmatites numerous dikes
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of diabase were intruded along fractures in both the granite
and the schist. The pegmatite period was succeeded by distinctly
later mild hydrothermal activity that resulted in the deposition

of a few barren quartz veins.
Rock Descriptions

The Invaded Rocks. The Idaho Springs formation was greatly

affected By the intrusion of the Pikes Peak granite and a wide
band of injection gneiss was formed in it by lit-par-lit action
adjacent to the contact. Both pegmatitic and aplitic material
are present in the gneiss., The aplite is most abundant toward
the gradational boundary between the gneiss and the schist, but
toward the contact with the granite, the pegmatitic material pre-
dominates. The schist has a higher content of biotite near the
granite as well Aas large amounts of microcline and quartz. A
noteworthy feature is the presence of a relatively undisturbed
belt of schist about one-half mile wide immediately adjacent to

the contact with the batholith.

The Intruding Body. 'i‘he Pikes Peak granite is part of a
batholith‘ some 2,500 square miles in area in the southern part
of the Colorado Front Range. The granite of the Eight Mile Park
area, which is separated from the main igneous mass by faulting
and intrusion of the later Cripple Creek granite, is a coarse-
grained, porphyritic rock containing phenocrysts of microcline

in a groundmass of quartz, oligoclase, and biotite. The accessory
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minerals include allanite, sphéne » apatite, and magnetite, but
the fluorine minerals common in other parts of the batholith are
absent. Primary foliation, reduced grain-size, and an absence of
phenocrysts are characteristic features along the contact with

the Idaho Springs formation.
Pegmatites

Interior. The majority of the interior pegmatites are of
dike-like form, a few inches to two feet wide, and occur in swarms
cross-cutting the surrounding rock, They consist chiefly of
mierocline, quartz, and muscovite, and like the interior pegmatites
of the Namaqualand area, they are essentially lacking in the

rarer minerals of the district.

Marginal. Most of the marginal pegmatites are poorly differ-
entiﬁted, sheet-like bodies that were injected along fractures
perpendicular to the general trend of the flow structure in the
granite. Chemically and mineralogically they are much like the
surrounding rpck and have had little or no reactibn with it along
their margins. Except for a few pegmatites in which later hydro-
thermal reactions produced a limited number of the less common
minerals, the marginal pegmatites did hot proceed beyond the mag-
matic stages. The "essential™ minerals are quartz, and blocky
microcline, with vafying amounts of muscovite, oligoclase, biotite,

piack tourmaline and red garnet.

Exterior. The exterior pegmatites may be divided into two
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groups: those in the schist and those in the injection gneiss.
The pegmatites in the undisturbed Idaho Springs schist are tab-
ular to lens-like in form, and were intruded parallel to the
foliation of the surrounding rock. .The largest pegmatites are
close to the contact with the Pikes Peak granite. The others
decrease in size and increase in abundance toward the comtact
with the injection gneiss. The pegmatites.in schist have a more
extensively developed hydrothermal phase than the marginal peg-
matites of the granite. The minerals most widely developed in-
clude the plagioclases (oligoclase, albite~cleavelandite), mus-
covite, biotite, garnet, beryl, black tourmaline, and, toward
the contact with the injection gneiss, considerable amounts of
euhedral magnetite. The exterior pegmatites in schist, in con-
trast with the marginal pegmatites, had some reaction with the
surrounding rock. They formed tourmaline metacrysts and caused

recrystallization of mica in the schist.

The pegmatites of the injection gneiss are of finer-grain
than most of the pegmatites of the area and are extremely irfeg-
ular in shape and size. The chief minerals are quartz and micro-
cline, with magnetite crystals in considerable abundance, and

subordinate amounts of muscovite, biotite, and garnet.
Zoning

The general principles of zoning as discussed earlier in

this paper are well illustrated in the Eight Mile Park area.
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The tabular interior pegmatites have narrow cores of massive
quartz and microcline surrounded by outer zones of fine-grained
quartz and microcline with accessory black tourmaline and oligo-
clase. The sheet-like marginal pegmatites have gradational
rather than clearly defined boundaries between the zones. Cores
of massive quartz and microcline are patchily distributed in the
central part of these pegmatites and are surfounded by the inter-
mediate zone which is composed of quartz, microcline, and musco-
vite, with occasional euhedral crystals of graphic granite. A
wall zone of variable thickness is commonly present and consists
of fine-grained quartz, microcline, and mica (biotite or musco-

Vite) .

The exterior pegmatites in schist have cores of massive
qnartz with variable amounts of pure microcline occurring in
large crystals. The intermediate zone may consist of two phases
(Heinrich, 19h7),‘0ne of which is composed of quartz gfains and
muscovite flakes in parallel arrangement, and the other consists
of microcline and quartz in graphic intergrowth. The wall zones
are well-developed in same of the exterior pegmatites and, as in
the marginal pegmatites, are made up of fine-grained microcline,
quartz, and muscovite. Border zones are sometimes presemt and
are narrow, irregular selvages of mica flakes deposited perpen-
dicular to the walls of the pegmatite along with variable amounts

of quartz.
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Paragenesis

During the magmatic stage the zones within the pegmatites
were developed, and crystallization took place inward from the
margins. The quartz-muscovite border zones were the first to
form and were followed by the deposition of oligoclase, black
tourmaline and garnet in the intermediate zones, The magmatic

stage ended with consolidation of the cores.

Heinrich (1947) divides the hydrothermal stage into two
major phases., The first phase developed great quantities of
muscovite, large amounts of feldspars (chiefly oligoclase and
albite), and minor amounts of biotite; garnet, beryl, black
touwrmaline, apatite, triplite, columbite, chalcocite, and, in
the pegmatites near the injection gneiss, considerable magnetite.
The second phase was marked by the deposition of lepidolite,
sericite, and cleavelandite, and minor amounts of beryl, lithium,

tourmalines, fremontite, torbernite, and several sulphides.

The hydrothermal solutions were guided by fractures in the
pegmatites, and the greatest number of the rarer minerals were

deposited along the footwall of the core.
Evaluation

The pegmatites have marked differences in charécteristics
as their distance from the granite source body increases, and

some show indications of having had a chemical and mineralogical
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influence upon the rock they intrude. Some wall rock contamin-
ation is suggested by the presence of andesine instead of oligo-
clase in those interior pegmatites that cut across bodies of

gabbro,

The exterior pegmatites in schist have a much more extensive
degree of hydrothermal mineralization than do the marginal peg-
matites, while the exterior pegmatites in the iﬁjection gneiss
are nearly as simple in composition as the interior pegmatites.
This condition suggests that the degree of hydrothermal mineral-
ization was in part controlled by the structure of the injected
country rock, and that the foliation of the schist provided the

best channelways for the pegmatite solutions.

Zoning in the Eight Mile Park pegmatites is simply but
clearly developed in the interior tabular pegﬁatites, present
but gradational in the marginal pegmatites, highly developed in
the exterior pegmatites in schist and apparently non-existent

in the exterior pegmatites of the injection gneiss.

Regional distribution of minerals is characterized by the
development of magnetite in pegmatites near and in the injection
gneiss, and its absence in the pegmatites in and near the granite.
This suggests that the magnetite ﬁas derived by the reaction of
the intruding granite upon the Idaho Springs schist, and that it
was not an abundant original constituenmt of the Pikes Peak magma

in the Eight Mile Park locality.



Erongo Pegmatites

General Statement

The tin-bearing pegmatites of the Erongo district are
located in the vicinity of the Erongo Mountains, northwestern
Damaraland in South-ilest Africa (Gevers and Frommurze, 1929b).
They are distributed in three well-defined, parallel belts,
25, 60, and 80 miles long, each ranging in width from three to

ten miles.

The exposed compiex pegmatites are associated with small
granite bodies of phacolithic shape intruded into intensely
folded schists around the margins of still larger granite bodies.
Tourmalinization with the development of greisen and extensive
deposition of cassiterite where tourmaline is not present are

the most characteristic mineralogical features of the district.

The ancient Archean sedimentary Schist Formation of South-
West Africa is the oldest rock unit in the district (Gevers and
Frommurze, 1929a, p. 37). The schist was much disturbed by at
least two periods of major folding and was intruded at several
times by a wide variety of igneous rocks. The sequence of major
events is as follows:

1. Sedimentation terminated by folding and metamorphism.

2. Discordant intrusion of gneissose granite during folding.

3. Concordant intrusion of the Salem magma series and its



pegmatite-producing differentiates during the close of
the Archean.
‘h. Erosion and deposition of sediments followed by more
folding.
5. Intrusion of the non-pegmatitic Erongo igneous series

accompanied by various extrusives.

The resulting regional geology is very compiex and prob-
ably represents the root zone of an Appalachian type orogenic
belt (Gevers, 1942, p. 138). The pegmatite-producing Salem
granites were concordantly intruded under tectonic control in

close accord with the structural features of the country rock.
Rock Descriptions

The Invaded Rocks. The Schist Formation may be divided into

three rock units: a lower quartzite, a middle marble series, and
an upper mica schist. The gquartzite is phyllitic, well-bedded,
and grades downward into massive arkose that has acquired a
gneissose character through metamorphism. The marble series con-
sists of a main band of thoroughly recrystallized limestone about
1,000 feet thick overlying the quartzite, and many smaller units
intercalated with the quartzites and the overlying mica schist.
The marbles and quartzites are very resistant rocks and rarely

contain pegmatites.

The thick series of schists make up most of the country rock
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and contain the greatest number of pegmatites. The schists are
predominately biotitic in composition, but contain variable
amo&nts of muscovite, quartz, hornblende, and chlorite. TVhere
alteration has been lessbintense, they are represented by

phyllites, slates, and shales.,

The Intruding Body. The igneous rocks of the Salem granite
magma series crop out in roughly oval-shaped to élongate bodies
with extremely irregular borders. The pegmatite-producing rock
is characteristically a porphyritic, coarse-grained, biotite
granite with phenocrysts of orthoclase and microcline, and acces-
sory muscovite, zircon, apatite, and topaz. Primary flow structure
has been developed along the contacts with the country rocks.
Gevers and Frommurze (1929a, p. 38) have divided the granite into
a series of differentiates in which each successive type is more
acid and inzrﬁdes the preceding ones. The iater granites contain
greater amounts of quartz, microcline, muscovite, and black tour-

maline, and are finer-grained and non-porphyritic in texture.

Pegmatites

Interior. Eroesion has not progressed deep enough to expose

the small, tabular simple pegmatites of the deep interior of the
igneous mass. However, their composition may be reflected in the
large, dike-like masses 6f late-differentiated, pegmatitic granite
that is emplaced near the contacts of the earlier granite masses,

and that is, in turn, intruded by true pegmatites. The pegmatitic
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granite, which in places also grades into true pegmatite, contains
large quantities of muscovite and replécements of quartz by black
tourmaline. Garnets are abundant in the pegmatite granite and
wherever present reflect ﬁhe chemical nature of the intruded country
rock. The majority are the iron (almandite) or manganese (spessar-
tite) varieties, but where the pegmatitic grahite invades marble,

calcium (grossularite) garnets are developed.

larginals. The marginal pegmatites are very distince in min-
eralogy and general relationships from the exterior pegmatites.
They are generally of dike-like form and occupy joint planes that
parallel the general strike of the country rock outside the granite.
The "essential" minerals are potassium feldspar, beta-quartz, and
early tourmalihe. Albite and microcline occur in perthitie inter-
growth and graphic granite is common. Black tourmaline is also
the most char#cteristic mineral of the hydrothermal stage, re-
places both feldspar and quartz, and may be accompanied by minor
amounts of muscovite or biotite and variable amounts of red garnet.
In the marginal pegmatites there are éxtremely rare occurrences
of black cassiterite ihtimately intergrown with tourmaline, and

both minerals appear to have been deposited at the same time.

Exterior. Exterior pegmatites occur in greatest numbers close
to the granite contact and are tabular to lens-like in shape. All
but a few occur in schists intruded along foliation or original

bedding planes, and are most abundant where the schist dips steeply.
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The "essential" minerals consist of potassium feldspar, beta-
quartz and albite, where tourmaline ié almost entirely absent., Al-
bite commonly occurs as a micro-perthitic intergrowth with micro-
cline and wasAfbrmed extensively throughout the post-magmatic stages
as well. Hydrothermal activity was inténse and formed black tour-
maline, the almandite-spessartite garnets, topaz, and some cassit-
erite in the first phases. ‘The later phases deposited large amounts
of muscovite, lepidolite, cassiterite, albite, and lenses of alpha-
quartz, and minor amounts of tantalite, wolframite, lithium tour-
maline, triplite, lazulite, and sulphides (argentiferous bismuth-

inite, molybdenite, and arsenopyrite).
Zoning

Zoning is fairly well-developed in both the marginal and the
exterior pegmatites and has greatly influenced the distribution
of minerals within them., +The cores are lens- or stringer-like
bodies of quartz, that occurs either pure or witn variable amounts
of potassium feldspar. The interﬁediate zones were originally
composed of quaftz and feldspar and have been extensively albitized
and locally replaced by muscovite and lepidolite. The wall zones
are more or less continuous along one or both sides of the tab-
ular pegmatites and in the exterior ones have been widely replaced
by muscovite, lepidolite, and cassiterite in bands and patches
parallel to the wall. Gevers (1940, p. 140) notes that wall zone

replacement is nearly equal on both sides of steeply dipping tabular



bodies in schist, but in those with less dip replacement is con-

fined mostly to the hanging wall.
Paragenesis

The magmatic stage developed the "essential" minerals, beta-
quartz, and potassium feldspar. Later albite and quartz replaced
microcline to form perthite-and graphic granite, and at that time
some garnet and black tourmaline formed and zoning was established.
The magmatic stage graded into the hydrothermal stage without any

perceptible discontinuity in the process of pegmatite formation.

The characteristics of the various phases during the hydro-

thermal stage vary over the area. In nearly all cases albitization

was the dominant process, with black tourmaline, the spessartite-
almandite garnets, topaz and minor cassiterite, as the earliest
replacement minerals. In the exterior pegmatites, tin, and minor
amounts of tungsten and‘tantalite were deposited as oxides during
extensive replacement of feldspars by muscovite and lepidolite.
Lithium tourmaline, triplite, lazulitevand very minor amounts of

sulphides were deposited last.

The hydrothermal stage was more limited in the marginal peg-

matites and black tourmaline, mica, and garnet were the chief minerals,

Evaluation

Plastic deformation of limestone, differential movement

along bedding planes in the schist, absence of major faulting,



and the invariable injection of the exterior pegmatites into
contorted portions of the country rock indicate that pegmatite
emplacement took place at great depth and under stress that was

active during intrusion.

The Salem granite batholith is at present exposed in the
acrobatholithic stage (Emmons, 1940, p. 189) and erosion of the
cupola features is not yet deep enough to penetrafe the hood
portions. This is indicated by the scattered distribution of
the isolated bodies of parent granite; the abundance of the greisen
minerals (tourmaline, topaz, and zircon) in the granite --- a
feature to be expected in an earlier cohsolidated hood; the ex-
tensive hydrothermal aureocle surrounding the granite outcrops; the
conformable nature of the intrusives; the marked absence of barren,

interior-type pegmatites.

The areal distribution of tin and tourmaline with respect to
the granite bodies indicates that the two minerals have mutually
excluded one another during pegmatite crystallization. Tourmaline
not only occurs in great quantity in the marginal pegmatites, but
is also abundant in the surrounding granite, and tin is almost en-
tirely absent. In the exterior pegmatites cassiterite in the dom-

inant mineral and tourmaline is subordinate.

-

In general, hydrothermal activity has been most intense in
the exterior pegmatites closest to the granite and gradually

decreases in intensity away from it.



Other Pegmatite Districts

General Statement

Many features of diétribution, structure, and mineralogy
of the Namaqualand, Eight lMile Park, and Erongo pegmatites are
duplicated in other areas. Two of these districts, Spruce Pine,
North Carolina, and Preissaé-La Corne, Quebec, are summarized

in the following parégraphs.
Spruce Pine Pegmatites

The couhtry rocks in the Spruce Pine district of North
Carolina (Olson, 194L), consist of mucﬁ-folded mica and horn-
blende schist and gneiss, and same thoroughly recrystallized
marble. The pegmatite~producing intrusive is a pegmatitic
granite of alaskite composition that crops out in three extremely
irregular units, each surrounded by a broad band of migmatite.’
The alaskite is massive, generally uniform in texture, but has
slight foliation developed along the contacts with the country
rock. It is composed of a very coarse-grained mixture of oligo-
clase, quartz, micrdcline; and muscovite, and it is notably

lacking in the iron and magnesium minerals.

The encircling migmatite is somewhat similar to the Eight
Mile Park injection gneiss and consists of schist and gneiss
that has been widely injected by pegmatitic material along the

planes of foliation.



The interior pegmatites occur well inside the contact be-
tween the alaskite and the country rocks, are ext.rgmely irregular
in shape, and grade into the surrounding rock without clearly de-
fined boundaries. The mineralogy is essentially the same as that
of the alaskite, and the pegmatites are distinguished chiefly by

their larger grain size and texture.

The marginal pegmatites farthest from the cohtact cannot be
well distinguished fromythe interior pegmatites, but as the margin
of ‘the granite is approachedv ihey acquire a tabular shape, develop
well-defined boundaries, and contain increasing amounts of hydro-
thermal minerals. The marginal pegmatites were apparently in-
Jected into fractures in earlier consolidated marginal alaskite,
unlike those pegmatites in the interior which completed the pro-
cess of consolidation almost simultaneously with the encloé,ing
rock. Hydrpthérmal alteration was 'fairly extensive and developed
abundant green muscovite and albite, as well as a limited suii';e

of the rarer minerals.

The exterior pegmatites are sheet-like or tabular in form,
largely because they were injected in great numbers conformable to
the foliation of the country rocks. The mineralogy is markedly
different from that of the marginél pegmatites. Oligoclase is
the dominant plagioclase and increases in proportion with respect
to albite as the distance from the batholith increases. Potassium

feldspar is subordinate, and green mica is fairly common near the
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igneous body. Ruby mica, which is characteristically developed

in pegmatites that occur in kyanitic schist, incrgases with distance
from the contact. Biotite, absent in the interior and marginal
pegmatites, appears in qﬁantity at considerable distances from

the intrusive, along with an extensive suite of rare minerals.
Preissac-La Corne Pegmatites

The pre-Cambrian pegmatites of the Preissac-La Corne area
(Norman, 1945), Abitibi County, Quebec, are in a district north
of the Kirkland Lake-Bourlamaque gold belt which contains several
molybdenite vein deposits. The pegmatiﬁes are genetically re-
lated to two bodies of garnetiferous, biotite—muscovite granites.
The latter intrude country rock consisting of metamorphosed and folded
Archean volcanics and sediments that were invaded by thick, sill-

like masses of pre-granite peridotite.

The granite bodie§ are nearly identical in camposition. The
larger one, called the La Motte intrusive, is approximately 25
square miles in area and has a marginél zone one-half to one mile
wide in wvhich pegmatite bodies make up fifty percemt of the rock.

The foliated mass, roughly oval in outline, grades into the country
rock in alternating bands of granite and schist. The smaller
‘Preissac mass is about half the area of the La liotte. It i# massive,

unfoliated and has an abrupt contact with the country rock.

The interior pegmatites are of two types —-- narrow, dike-like



bodies with sharp contacts and simple mineralogy, and larger
irregularly-shaped, replacement and segregation units that grade
into the enclosing granite. These pegmatites consist of micro-

cline, albite, perthite, quartz, muscovite, and minor garnet.

Marginal pegmatites are féirly abundamt and occur as irreg-
ular, branching, tabular bodies several feet wide commonly em-
placed parallel to the granite contact. Some of ‘them are well-
zoned, a feature which largely controlled the localization of the
hydrothermal stage minerals within the pegmatites. The chief
minerals are maﬁz and muscovite associated with considerable
quantities of perthite and graphic granite. The hydrothermal
stage minerals include red garnet, chrome spinel, tantalite,

beryl, and molybdenite in varying amounts.

The exterior pegmatites occur at intervals for a distance of
severél miles from the larger granite body and are tabular or dike-
like with respect to the country rock. They have little zoning
and are composed chiefly of albite, microcline , quartz, and
spodumene, together with minor amounts of muscovite, beryl, and

tantalite~columbite.

The granite outcrops may represent the cupola features of an
underlying batholith. This possibility is suggested by the differ-
ence in texture between two other wise identical granite bodies.
The larger foliated mass may be eroded to a greater relative depth

than the smaller one. Additional evidence is offered by the wide
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distribution of the spodumeme-bearing exterior pegmatites, which
undoubtedly have a connection with a granitic mass below the

present surface.

Conclusions

The pegmatites of Namaqualand, Eight Mile Park, Erongo and
other districts have certain features of structufe, mineralogy
and distribution that are criteria for dividing pegmatites into

three spatial groups, interior, marginal and exterior, with

respect to their distance from the source intrusive. These
characteristics may be applied to pegmatites in districts where
the actual spatial relations to the parent igneous body are
obscure. The criteria, as demonstrated in the areas discussed,

are summarized as follows:
Interior Pegmatites

1. Interior pegmatites occur in the central portions of
the source intrusive and are most abundant in the upper and

outer portions of the "core".

2. They may have any shape or size but the t hree most
important types are:
a. Small, tabular, dike-like or sill-like bodies that
have sharp contacts with the surrounding rocks.

b, Pipe-like to prolate-spheroid segregation pegmatites
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that havé gradational boundaries with the enclosing granite
as at Preissac-La Corne and the Quincy granite of lMassachu-
setts (Warren and Palache, 1911).

c. Pegmatitic faéies of the parent granite as in the
Erongo district. These facies may comprise a large part of
the intrusive body as they do in the Harney Peak granite of

the Black Hills.

3. They are irregularly distributed through the interior of
the batholith, and occur as isolated units, swarms of dikes and
sills, or networks of anastomosing veins. The segregation pegmatites
occur farther from the margins of the intrusive than do the

majority of the tabular bodies.

4. The mineralogy is simple and essentially the same as
that of the surrounding‘rock. ‘The chief constituents are quartz
and microcline, with variable amounts of later magmatic minerals
such as the plagioclases, muscovite, black tourmaline, garnet

and beryl.

5. Zoning may be present., but as in Eight Mile Park it is
not complex and consists chiefly of an irregular core of massive
quartz, or quartz and microcline, surrounded by a finer-grained

zone of the same minerals.
Marginal Pegmatites

1. Marginal pegmatites occur within the intrusive, but are
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restricted to the "hood" portions and are less widely distributed

than interior and exterior pegmatites.

2, Contacts with the surrounding rock are sharp and little

contact metamorphism is developed.

3. The most common forms are of two types: tabular, dike-
like or sill-like bodies, and pod-shaped to lens-shaped units.
In the Preissac-La Corne area the marginal pegmatites are irreg-
ular to tabular and are commonly diaschistic. Those of Eight
l#ile Park are sheet-like. They form dikes in Namaqualand and

sills in Erongo with respect to the country rock.

L. They may be emplaced at any angle to the primary foliation

of the parent body or its contact with the country rock, but in

a given locality these relations are more or less uniform., at
Preissac-la Cdrne the pegmatites parallel the contact of the granite
with the country rock. They are at right angles to foliation in
Eight WMile Park, while in Namaqualand they cut the primary foliation
and parallel the general strike of thé country rocks. In Erongo
they parallel primary flow structure as well as the country rock

contact.

5. The mineralogy is simple or complex. The hydrothermal
stage is well-developed in Erongo, but in most districts it is
more feeble than that of the exterior pegmatites. Graphic granite,

perthite, plagioclases and muscovite may be extensively developed



as in gight Mile Park, Preissac-La Corne and Spruce Pine. The
rarer minerals of these districts are present in the marginal

pegmatites to a limited degree.

6. Zoning is commonly well-developed but the contacts between
zones are often gradational as in Eight Mile Park and Preissac-

La Corne.

7. At Spruce Pine there is a change in mineralogy, texture,
and form with distance fram the contact until they become indis-

tinguishable from the true interior pegmatites.

-

Exterior Pegmatites

1. Exterior pegmatites include all those that occur outside

the granite body.

2. They are most abundant in the "roof" region above and
along the upper sides of the batholith.and diminish in number

away from the source intrusive.

3. Tabular, lens-shaped and pod-like bodies are the most
common forms., Lit-par-lit relations may be developed where the

country rocks are schistose.

L4, Few have much extent in depth, and the largest bodies
occur closest to the contact of the granite with the country rock,

as in the Eight Mile Park area.

5. Zoning reaches its greatest development in these pegmatites.
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A fine-grained border zone may be produced along the contact
with the country rock as well as several intermediate zones as

in the Petaca and Eight iiile Park districts.

6. Structural control of emplacement by the country rock is
often established as in Erongo, Eight Mile Park and Spruce Pine,
but in Namaqualand and Preissac-La Corns the pegmatites cut the
structural trends of the country rock. As a rule the majority of
exterior pegmatites in a given district have the same general

relationship to the structure of the country rock.

7. The majority have a simple mineralogy but the hydrothermal
stage mayAproduce a complex paragenetid sequence in some districts

and develop a great variety of rare minerals.

8, Contact effects with susceptible country rocks sometimes
occur. In Eight Mile Park the pegmatites have added material to
the country rock in some cases, and in others have acquired

material from it.

9. Exterior pegmatites may develop characteristic minerals
at restricted distances from the batholith, as indicated by the
distribution of biotite, green mica, ruby mica and the plagioclases
at Spruce Pine, and the occurrences of cassiterite and tourmaline

in Erongo.

10. In all cases the intensity of hydrothermal activity and
the abundance and variety of minerals decreases with distance from

the source intrusive.
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