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ABSTRACT OF THESIS

PERIDOTITE XENOLITHS IN COLORADO-WYOMING
KIMBERLITES

Mantle peridotite xenoliths in Colorado-Wyoming kimberlites in-
clude abundant dunites, garnet and/or spinel harzburgites, Therzolites,
clinopyroxenites and websterites. Garnet and/or spinel wehrlites,
olivine websterites and orthopyroxenites are lesé common. Coarse equant
and tabular, transitional-porphyroclastic, porphyroclastic, mosaic-
porphyroclastic and granuloblastic textural types are recognized in
both altered and unaltered xenoliths. The term porphyroblastic is
introduced to describe textures observed in some olivine-free pyroxen-
ite xenoliths. Special textural features such as exsolution phenomena
and garnet rims around spinel are also present.

Six Tithologic groups are defined on the basis of mineral and
whole rock chemistry. Minerals of Group I garnet peridotites are
rich in Cr203, relatively high in Mg0, and generally poor in A1203 and
Fe0, although clinopyroxenes of porphyroclastic xenoliths are slightly
enriched in Fe0. Minerals of Group II and III xenoliths, spinel perido-
tites of Sloan-Nix-Moen and Iron Mountain kimberlites respectively, have
relatively high jevels of Cr,05 and Mg0 and low Fe0, Ti0,, Al20, and
Na20. Olivine-free, garnet and/or spinel pyroxenites comprise Group
IV and their minerals are poor in Cr203 and generally high in Fe0,
TiOz and A1203. Group V, the "Websterite Group," consists of a variety

of rock types, Mineral compositions of Group V xenoliths are generally
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intermediate between those of Groups I and IV. Dunites, which com-
prise Group VI, have a bimodal distribution exhibited by forsterite
compositions. Whole rock chemistry calculations determined on fresh
nodules of Groups I, II, IV and V indicate that Group I and II xeno-
liths are most depleted in FeO, Tioz, Ca0 and Nazo whereas nodules of
Group IV are richest in these oxides. Group V xenolith compositions
are intermediate between and overlap with those of Group I and IV.

Estimates of temperatures and pressures of equilibration made
on fresh xenoliths suggest that Group I nodules fgrmed above 1100°C
at depths in excess of 150 km (50 kb). Group I xenoliths with porphy-
roclastic textures exhibit slightly higher temperatures and pressures
than other nodules. Most xenoliths of Groups II, IV and V equili-
brated at temperatures below 900°C and at depths of less than 100 km
(30 kb). Spinel coexisting with garnet persists to depths of approxi-
mately 80 km (25 kb).

Texture and chemistry correlations reported from some garnet
peridotite suites from African kimberlites are not observed in Colorado-
Wyoming kimberlites. Chemistry of Group II and III spinel peridotites
indicates these nodules may have undergone partial melting. Group IV
garnet *+ spinel pyroxenites may represent crystallized partial melts
or cumulates from partial melts. Spinel in some peridotites of Group
ﬁ appears to have reacted with orthopyroxene to form garnet rims. The
two varieties of dunites, Group VI, may represent cumulates relatively

rich in Fe0, and residual dunites depleted in FeO.

Melissa Bradford Kirkley
Department of Earth Resources
Colorado State University
Fort Collins, Colorado 80523
Summer, 1980
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CHAPTER 1

INTRODUCTION

Purpose of Study

Kimberlites are important not only as potential sources of
diamond but also for the wealth of information they bring to the sur-
face in the form of xenoliths from the lower crust and upper mantle.
These xenoliths, rounded by attrition during ascent in the fluidized
kimberlite magma, provide a rare opportunity for study of otherwise
inaccessible materials.

This study was undertaken in order to expand upon existing
knowledge of upper mantle peridotite and pyroxenite xenoliths recovered
from kimberlite of northern Colorado and southern Wyoming. Mineralogy,
textures, mineral and whole rock chemistry, and pressure and tempera-
ture conditions of formation of the xenoliths were evaluated and corre-
lations were made between xenoliths within individual kimberlite
diatremes, between xenoliths of different kimberlite diatremes and
districts, and with similar xenoliths from kimberlites in other parts
of the world.

Eclogite and granulite xenoliths also found in the Colorado-
Wyoming kimberlites are not included in this study. Therefore, general
use of the term "xenolith" or "nodule" in this report refers only to

those rocks dealt with in this study.



Kimberlite Distribution

Kimberlite diatremes near the Colorado-Wyoming border were
first recognized by M.E. McCallum in 1964. Since that time more than
30 diatremes have been located within the area now known as the State
Line District (Fig. 1). These diatremes commonly occur in groups and
have been named after the ranches on which they are found: Sloan
group (pipes 1-4), Nix group (pipes 1-4), Moen group (pipes 1 and 2),
Schaffer group (pipes 1-20), Ferris group (pipes 1 and 2), and Aultman
group (pipes 1 and 2). Kimberlite was discovered near Iron Mountain,
Wyoming by W.A. Braddock and D. Nordstrom in 1971. The 57 occurrences
of kimberlite pipes and dikes of this area define the Iron Mountain

District (Fig. 1).

Methods of Investigation

Standard petrographic thin sections of approximately 400
nodules from Colorado-Wyoming kimberlites were examined. Modal analy-
ses were performed on all thin sections containing appreciable quanti-
ties of fresh constituents (Appendix I). Approximately 500 points at
intervals of 0.5 mm were counted on each of the nodules sufficiently
large to permit such a count density. Duplicate analyses performed on
several thin sections indicate that analytical accuracy is within about
+ 5 relative percent.

Microprobe analyses for eleven major oxides were performed on
mineral separates and minerals in polished thin sections by D.H.
Eggler, C.B. Smith, and by the author under the auspices of Dr. Eggler
(Appendix II). Analyses by C.B. Smith and many of those by D.H.
Eggler were performed with the MAC 400 microprobe at the Geophysical







Tiaure 1. Location Map.

State Line District kimberlite pipes:

SD = Sloan aroup

NX = Nix group

MN = Moen group

SH = Schaffer group
FD = Ferris group
AD = Aultman group

Iron Mountain District: IM
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Laboratory Carnegie Institute of Washington, D.C. Other analyses by
D.H. Eggler and those by the author were obtained at Pennsylvania
State University on the ETEC automated electron probe microanalyser
using an acceleration potential of 15 kilovolts and specimen current of
approximately 0.03 microamps. ATl analyses were corrected on-line for
matrix effects utilizing the coefficient matrix of Albee and Ray (1970).
A variety of natural and synthetic glass standards were used. Major
element analyses by such methods are accurate to * 2-3 relative per-
cent (Nixon, 1973).

lhole rock chemical analyses were calculated from modal data
and mineral chemistry (Appendix III). Volume percentages of mineral
phases were converted to weight percentages utilizing specific mineral
formulae obtained through the chemical analyses for each mineral. For
accessory minerals rutile and phlogopite, average gram formula weights
of 79.42 and 768.84 respectively were used. Calculations were carried
out on the CYBER 172 mainframe computer at Colorado State University.

Estimates of equilibration pressures and temperatures from
mineral compositions have been generated by the program TEMPEST (A.A.
Finnerty and F.R. Boyd, unpublished) kindly supplied by A.A. Finnerty.
This program computes temperatures of equilibrium utilizing several
experimentally determined geothermometers and geobarometers. The
methods that provided the most consistent results within groups of
xenoliths of similar compositions were chosen from these available

results.



Previous Work

Preliminary investigations of kimberlite occurrences near the
Colorado-Wyoming border were conducted during the mid to late 1960's
and results are presented in reports by Chronic et al. (1965, 1969),
and McCallum and Eggler (1968, 1971). Mineralogy, chemistry, and
temperature and pressure conditions of formation of xenoliths in these
kimberlites have been discussed in several papers including those by
Eggler and McCallum (1973, 1974, 1976), McCallum et al. (1975, 1979),
McCallum and Eggler (1976), and McCallum and Mabarak (1976). Iron
Mountain District kimberlites and their included nodules were studied
and compared to kimberlites and nodule suites of the Colorado-¥yoming
State Line District byv Smith (1977).

Subdivision of Colorado-Wyoming kimberlite diatremes into three
distinct clusters (Sloan-Nix-Moen groups and Schaffer-Ferris-Aultman
groups of the State Line District and a third group in the Iron Moun-
tain District--Fig. 1) was made by Eggler et al. (1979) on the basis
of differences in chemistry of included megacryst assemblages. This
distinction is used as a basis for definition and comparison of nodule

suites in this report.



CHAPTER TII

PETROGRAPHY

Introduction

Fresh xenoliths are most abundant at the Sloan 2 and Nix 2
and 4 diatremes where greater than 90 percent of the nodular material
collected is fresh. Nodules considered "fresh" may be replaced by as
much as 40 volume percent alteration materials whereas "altered"
nodules commonly contain 100 percent alteration products. The majority
of fresh xenoliths are spinel and/or garnet peridotites low in clino-
pyroxene (Figs. 2, 3). Dunite nodules containing essentially 100 per-
cent olivine are relatively abundant. Less abundant are "harzburgitic-"
and "Therzolitic-dunites" (names here applied to xenoliths with greater
than 90 volume percent olivine and minor amounts of one or both pyrox-
enes and/or garnet or spinel). O0livine-free, garnet and/or spinel
clinopyroxenites and websterites are moderately abundant, whereas
olivine websterites, wehrlites, and garnet orthopyroxenites are rela-
tively rare (see IUGS classification for general nomenclature,
Streckeisen, 1973, and Fig. 2).

Nodules from the Nix 3, Moen, Schaffer-Ferris-Aultman group
and the Iron Mountain District diatremes are generally severely altered.
However, approximately half of the nodules collected from these dia-
tremes contain relict, recoverable grains of garnet, clinopyroxene,

spinel, phlogopite and/or ilmenite in a serpentinized, silicified, or






Figure 2a. Legend for subsequent color coded figures.
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No letter designation = Sloan group
Abbreviations: OLV = olivine CPX = clinopyroxene
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Figure 2b. Results of modal analyses performed on fresh xznoliths.

Nomenclature from IUGS classification, Streckeisen (chairman),
1973.
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Figure 3. General xenolith types recognized in Colorado-Wyoming

kimberlites.
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carbonatized matrix. In many nodules no primary mineral phases have
survived alteration processes. Fresh orthopyroxene was recognized in
only two Iron Mountain xenoliths. No olivine has been found in xeno-

1iths from these pipes.

Hand Sample Descriptions

Sloan, Nix and Moen Nodules

Nodules from the Sloan, Nix and Moen pipes range in size from
about 0.5 cm to 10 cm in their longest dimensions. Whole nodules are
subspherical to ovoid; more angular xenoliths represent fragments of
broken nodules. O0livine and orthopyroxene which may compose the bulk
of these rocks, are usually partially serpentinized, and appear brown
or greenish brown in hand specimen. Dark burgandy to purple or black
spherical garnets and bright green chrome-diopside typify garnet
lherzolites. Pale pink or rose garnet commonly occurs with pale
grey-green diopside in garnet pyroxenites and with chrome diopside
in garnet and garnet + spinel peridotites.

Altered nodules from this group of pipes range from white to
mottled pale yellow, tan, brown, pale green, or slightly pink. Dark
spherical garnets, black spinels or bright green Cr-diopsides, which
are the last mineral phases to be altered, may be observed on surfaces

of even severely altered nodules.
Schaffer, Ferris and Aultman Nodules

Xenoliths collected from the Schaffer 3 diatreme are the
largest in the Colorado-Wyoming kimberlites, and they range from 3 to

15 cm (average 6-7 cm) in their longest dimension. Flattened spherical
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to ovoid shapes predominate. Most of the Schaffer 3 xenoliths are
replaced by hematite stained quartz and calcite and are very dense.
They are rusty red and commonly exhibit a cellular boxwork-Tike struc-
ture on their weathered surfaces. Nodules from other pipes in the
Schaffer-Ferris-Aultman group generally contain more serpentine thus
are softer, and display typical powdery, white to pastel colored sur-
faces. Coarse (1-5 mm) spherical, deep purple garnets may be abundant,
and when present they impart a spotted appearance to nodule surfaces.

Clinopyroxene is less commonly visible.
Iron Mountain District Nodules

Peridotite nodules from the Iron Mountain kimberlite pipes
(Smith, 1977) range from 5 to 15 cm (average about 5 cm) in their maxi-
mum dimension. Most are fragments of larger nodules characterized by
flattened ovoid or spheroidal shapes. These nodules range from
yellowish-white to tan or various shades of red or green. Their sur-
faces commonly display a reticulated texture. Relict bright green
chrome diposide, deep red pyrope garnets and chromite may be visible

amid the alteration products.

Mineralogy
0livine

Olivine (generally F088-94) in the fresh Sloan 2 and Nix 2 and
4 xenoliths ranges from 12 to 100 volume percent (Appendix I). Although
olivine appears green or brown when embedded in a nodule, separated
grains are very pale green to colorless and resemble fragments of broken

glass. In thin-section olivine is colorless and commonly exhibits
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distinct (010) parting. When this parting is present, extinction to it
is parallel. This property is useful in distinguishing olivine from
clinopyroxenes with poorly developed cleavage. In nodules from all

other kimberlites olivine has been completely replaced by various

secondary phases.
Orthopyroxene

Orthopyroxene (En91_94), like olivine, is found in greatest
abundance in the fresh xenoliths from Sloan and Nix kimberlites. 1In
these nodules orthopyroxene averages about 20 volume percent; however,
it may be minor or absent in some clinopyroxenites and reaches 60
percent in several olivine-websterites (Appendix 1). Orthopyroxene

has been observed in only three samples from other kimberlite pipes;
a relatively fresh garnet orthopyroxenite (IM26-P64), and a fresh
spinel clinopyroxenite (M20-W5), both from the Iron Mountain District
and a spinel peridotite from the Schaffer 3 kimberlite (SH3-L1). Indi-
vidual grains of orthopyroxene are pale apple green and, due to their
perfect cleavage, may appear blade-like or spintery. In thin section
orthopyroxene is colorless and is generally easily recognized by its
distinct cleavage and Tow birefringence.
Clinopyroxene

Clinopyroxene (generally Cr-diopside) content in xenoliths
ranges from 67 volume percent in some garnet clinopyroxenites from
the Sloan 2 diatreme to absent in some garnet or spinel harzburgites
(Appendix 1). Although it is impossible to prove the complete absence

of a phase in nodules whose thin sections exhibit no clinopyroxene, it
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must be assumed that at best such xenoliths contain only very minor
amounts of clinopyroxene.

Approximately one third of the altered xenoliths from the
Schaffer-Ferris-Aultman diatreme group and approximately one fourth
of those from the Iron Mountain group pipes contain unaltered clino-
pyroxene. When clinopyroxene is lacking in altered nodules, charac-
teristic alteration features such as unique grain shape or different
alteration coloration can sometimes be of value in estimating its
original abundance. If no such features are present it cannot be
determined whether all signs of its presence have been obliterated or
if it was never present; therefore, such nodules cannot be accurately
classified.

The presence of significant amounts of chromium in diopsides
imparts a bright green color which is prominent in both hand sample and
thin section. As the chrome content decreases, the intensity of green
diminishes and in thin section confusion may arise between low bire-
fringent clinopyroxenes with an optic axis nearly perpendicular to the
plane of the section and orthopyroxenes. In such cases, 2V is the most

useful distinguishing property.
Garnet

Two major types of garnets are found in xenoliths in Colorado-
Wyoming kimberlites: (1) deeply colored (purple or burgandy to black),
spherical to subspherical, 0.05 - 5 mm garnets, and (2) pale pink
to rose colored, generally finer grained, 0.5 - 2.0 mm equant to
granular garnets. Both types of garnet are pyropic in composi-

tion and both types have been observed in nodules from each of
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the three kimberlite groups. Garnets of the first type occur in
peridotite xenoliths where they may compose up to 24 volume percent

of the nodule. Garnets of the second type are found in pyroxenites

as well as peridotites and may constitute from 2 to 62 percent of a
xenolith's volume (Appendix I). Spherical garnets appear pale pink

or green in thin-section and are invariably mantled by black kelyphite.

Granular garnets are colorless in thin section.
Spinel

Three types of spinel that differ in chemistry, color, habit
and occurrence have been noted in mantle xenoliths from Colorado-
Wyoming kimberlites. Reddish-brown spinel is found in peridotite
and olivine websterite nodules from each of the three groups of
diatremes but spinel peridotites are most abundant from Sloan-Nix-

Moen kimberlites (Fig. 3). It has also been observed in three garnet-
and olivine-free websterite xenoliths (SD2-L164, SD2-W8, and NX4-C10)
from Sloan-Nix-Moen group kimberlites. Red-brown spinel content
averages about 2 percent by volume (Appendix 1) and grains are seldom
greater than 2 mm in size. It may be rimmed by garnet but generally is
not. It is commonly vermicular and forms thin, intergranular fillings.
It may also form symplectic intergrowths with orthopyroxene. This

type of spinel is considered spinel sensu stricto because Mg and Al

are the dominant cations in the 2+ and 3+ sites respectively (Deer et
al., 1966).

Green spinel is dark grey to greenish black in hand sample and
pale green in thin section. It is commonly quite coarse (up to 8 mm),

and has been observed in xenoliths from the Sloan 2 and Nix 4 diatremes
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and in two nodules from the Iron Mountain District. It may be pre-
sent in trace amounts up to 40 percent by volume. This type of spinel
is mantled in garnet in all but one Iron Mountain spinel clinopyrox-
enite (IM20-W5) and has been observed only in pyroxenite xenoliths
that contain no olivine. It is chemically spinel, sensu stricto

(Deer et al., 1966).

Black spinel, referred to throughout this work as "chromite"
is more accurately designated as magnesiochromite or picotite depending
on whether Mg or Fe is the dominant 2+ cation (Deer et al., 1966).

Cr is the dominant 3+ cation. Chromite generally occurs as discrete
accessory grains less than 1 mm in diameter and is found in peridotite
nodules from all three diatreme groups. It is generally present in
amounts less than 1 percent by volume. Chromite may coexist with
garnet and in one instance has been observed as inclusions in garnet

grains.
Accessory Minerals

Rutile is a minor accessory (generally less than 1 percent by
volume) in fresh nodules of Sloan 2 and Nix 2 and 4 kimberlites. It
occurs as small (up to 0.5 mm) subspherical, deep brown grains inter-
stitital to coarser mineral phases. Rutile may also occur as aligned
pink blades (less than 0.1 mm) in pyroxenes. Presence of these blades
can be of assistance when fine grain size makes differentiation between
olivine and pyroxenes difficult.

Phlogopite is present in several (8 out of 47) garnet webster-
ites and clinopyroxenites and may constitute as much as 3 volume

percent of some nodules. It appears to be primary in that it is
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similar in size to the average grain size (about 2 mm) of the other
phases in these nodules and shows no reaction relation with surroundina
grains; however, grains may be strained or bent. Fine grains of
phlogopite may be associated with the kelyphite rims around the
spherical, deep purple variety of garnet but this occurrence of phloan-
pite is undoubtedly secondary.

ITmenite has been identified in two Sloan 2 (SD2-L40, SD2-L150)
and several Schaffer (SH3-L12, -L17, -L22, -L160) xenoliths. It occurs
as subspherical to weblike, interstitial grains and ranges in size
from about 0.2 to 1 mm. Ilmenite appears to be associated with xenn-
liths containing the spherical type of garnets rather than the granular
variety; however, severe alteration prevents a definite determination
of such a relationship.

Iron, nickel, and iron-nickel sulfides and ulvospinel (?) are
present as opaque grains in some garnet pyroxenites. They occur as
subspherical grains (less than 1 mm) that are commonly found at triple
point junctions between pyroxenes and garnets. Total opaque content
ranges to as much as two volume percent in these nodules.

Native Cu occurs as 0.1 to 2.0 mm anhedral grains that commonly
are visible in hand specimens of severely altered nodules. It is be-
lieved to be a very late phase, possibly introduced during eruption of
the kimberlite by fluids responsible for the intense serpentinization,
silicification, and fenitization of the nodules (McCallum and Egaler,

1976, p. 264).
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Mineralogy of Altered Nodules

In some samnles it is possible to make estimates of original
mineraloay even though the nodules are severely altered. Clinopyroxene,
garnet and spinel are the most common unaltered phases thus volume
percentages of these minerals can be fairly accurately determined.
Olivine is the first mineral to be replaced, and alteration generally
begins with the develoonment of serpentine along irregular curved frac-
tures in the olivine. Before olivine is completely replaced, ortho-
pyrorene also may begin to alter to serpentine. Even when both olivine
and orthopyroxene are completely replaced it may be possible to dis-
tinquish their resrective products. Serpentine after orthopyroxene
commonly is arranged in an orderly, parallel network that imitates the
original pyroxene cleavage. Serpentine after olivine generally is
randomly oriented. Furthermore, the first formed serpentine veinlets
in olivine may remain distinct and are recognized by their irregular
curved patterns. Continued alteration of the nodule may result in
pervasive serpentinization. Equant cuartz and carbonate grains may re-
place primary mineral phases or secondary serpentine. Determinatinn
of original mineral phases becomes progressively more difficult as
these secondary constituents increase in quantity.

In general,altered samples with relict and pseudomorphous
mireral phases on which accurate modal analyses can be performed are
rare. Therefore such xenoliths are commonly referred to as (garnet
and/or spinel) peridotites rather than, more specifically, harzburgites,

Therzolites or wehrlites.
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Textures
Introduction

Nodule textures were classified following Harte's (1977) nomen-
clature for olivine-bearing xenoliths. Some modification and improvi-
sation of this classification was necessary in order to deal with
textures of garnet websterites and garnet clinopyroxenites which con-
tain no olivine. Abundances of textural types present in Colorado-
Wyoming nodules are shown in Figure 4 and a summary of the character-
istics of the textural types is given in Table 1.

Textures of the freshest nodules were studied in detail and
special features and unusual mineral habits observed are described
below. Textures of severely altered nodules can often be deciphered
by the presence of partially pseudomorphous secondary minerals that
mimic primary grain size, shape and orientation. Original grain out-
lines may be preserved by thread-like, red-brown hematite or serpentinc,
and many samples contain a few primary grains that retain their origi-

nal size and habit.
Textures of Sloan-Nix-Moen Group Nodules

Fresh Samples

Coarse equant, coarse tabular, porphyroclastic, mosaic-
porphyroclastic and granuloblastic textural types (defined by Harte,
1977) are recognized in the fresh xenoliths from this group of pipes.
In addition, two new textural classes, porphyroblastic-coarse and

porphyroblastic-granuloblastic, were introduced to describe textures
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Figure 4. Abindance of xenolith textural types.
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Tabie 1. Svmmary of textural types--Tolorado-Wyoming kimberlite wenoliths.

Texture

COARSE fAUANT

COARSE TABULAR

TRANSITIOMAL-
PORPHYROCLASTIC

PORPHYRECLASTIC

MOSAIC-
PORPHYROCLASTIC

clasts {blasts)

Absent

Absent

Neoblasts (chiefly
olivine) developed
at boundaries of
coarse grains
{chiefly olivine).

Porphyrnciasts
chiefly olivine,
surrounded by

Neoblasts of
olivine and fine-

gqrained pyrox-
eng

Porphyroclasts
chiefly ortho-
pyroxena. Matrix
chiefly olivine.

Grain Shape/Size

Equant and polygona!
to wvregular. Gen-
erally 0.5-2 mm.

Genarally tabular,
weak foliation im-
plied. Generally
0.5-2mm.

Fauant and poly-
gonal to tabular.
Local euhedral
olivine tablets

in some rock types.
Generally 0.1-2 mm.

Porphyroclasts
equant, irregular,
or elongate, >0.5
mm. Matrix equant
or elongate, <0.1-
0.5mm. Euhedral
nlivine tahlets
common in some rock
types.

Porphyroclasts
elongated, 1-2 mm.
Matrix grains
equant, elongate,
irreqular, 0.5-

1 mm.

Grain Boundaries

Straight, smoothly
curving, less ragu-
lar. 1209 tripie
points comman.

Straight, smoothly
curving. 1200
triple points
common.

Generally straight,
smoothly curving.

Irregular, in-
vaded by neoblasts.

Irregular porphy-
roclasts invaded
by neoblasts or
straight along
shear planes.

Deformation
in Crystals

are kinkbands, ‘\

subgrains. Un-

dulose extinction

common.

Local kinkbands,
subqrains, undu-
lose extinction.

Subgrains, undu-
lose extinction
conmon, local
kinkbands.

¥inkbands common

in orthopyroxene.

Common undulose
extinction, sub-

grains, and local
kinkbands in oli-

vine.

Common kinkbands

in orthopyroxene.

Common undulose
extinction in
olivine,

Cemmon in dunites
and other perido-
ites

Observed in three
(Sloan 2) spinel
1herzolites.




Table 1. (cont’).

Texture

PORPHYROBLASTIC-
COARSE

PORPHYROBLASTIC-
GRANULOBLASTIC

GRANULOBLASTIC

Garnet porphyro-
blasts. Garnet/
pyroxene matrix.

Porphyroblasts of
Jarnet, exsolved
or pofkiloblastic
pyroxenes. fran-
uloblastic,
garnet/pyroxene
natrix.

Absont

clasis (blasts) _ Grain Shape/Size _ Grain Downdart:

Porphyroblasts sub-
spherical, ~1 cm.
Matrix equant to
slightly ovoid and
tabular, =2 nm.

Porphyroblasts
equant, tabular or
irreqular, ~5 nm,
Matrix equant and
polygonal to tabu-
lar, <9.5 nm.

Equant, polygonal,
to slightly tabular,
<0.5 mm. Eubedral
olivine tablets in
some rock types.

25

Porphyroblasts
irregular.

Matrix straight to
slightly curving.

Generally smoothly
curving to less
reqular.

Straight to
smoothly curving.

Local undulose
extinction and
kinkbands.

Local undulose
extinction and
kinkbands.

Local undulase
extinction.

Deformation
Jdn Crystals

““Comirant Patra-
___graphic Tvzes

Olivine-free
pyroxanite
and websterites.

Hot common but
noted in some
dunites, perido-
tites

enftes and web-
sterites.

9¢
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of garnet websterites and garnet pyroxenites that exhibit textures not

accounted for in Harte's classification (Table 1).

01ivine-Bearing Xenoliths

Fresh olivine-bearing nodules, including harzburgites, lherzo-
lites, wehrlites, and olivine websterites, fall fairly readily into
Harte's (1977) textural categories. However, grain size distinctions
made by Harte (1977) between coarse and granuloblastic textures (average
grain size of coarse xenoliths being greater than 2 mm, and that of
granulobastic textures being less than 2 mm) do require modification
when applied to these nodules. Most of the fresh olivine-bearing
nodules from this group of pipes with textures labeled coarse have
average grain sizes less than 2 mm, but their other characteristics
best fit Harte's definition of coarse texture (Figs. 5, 6, and Table 1).
Granuloblastic nodules (Fig. 7) are therefore rather arbitrarily de-
noted as such if their average grain size is notably smaller than that
in coarse xenoliths, i.e., less than 0.5 mm. There appears to be a
relatively smooth gradation in these nodules from those classed as
coarse equant to those classed as granuloblastic. Both textures are
generally characterized by grain shapes that tend to reduce surface
energy to a minimum, that is, equant and polygonal (Spry, 1969, p. 41)
but many coarse equant nodules also have very irregular, oddly shaped,
vermicular constituents.

Porphyroclastic xenoliths (Fig. 8) with 1-2 mm porphyroclasts
chiefly of olivine in very fine grained (<0.1 mm) matrices are present
in this suite but severely sheared nodules (e.g., with fluidal mosaic

textures such as those described by Boullier and Nicolas, 1975, or the



Fiaure 5.

Coarse equant. texture.

ba.

5b.

5c.

Sketch of coarse equant texture taken from Boullier
and Nicolas (1975, Fig 1A).

Coarse equant texture exhibited by spinel Therzolite
SD2-L18 (crossed nicols; nodule is approximately 2 cm
across longest dimension).

Coarse equant texture remains visible in an altered
xenolith (SH3-L5) from the Schaffer kimberlite. Ghost
outlines of primary grains are preserved by secondary
minerals (chiefly serpentine). Only spherical

garnets remain unaltered (plane Tight, 4 cm = 1 cm).
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Figurza 6.

Coarse tabular texture.

ba.

6b.

Sketch of coarse tabular textures taken from Boullier
and Nicolas (1975, Fig. 1B).

Coarse tabular texture exhibited by spinel harzburg-
ite SD2-L5 (crossed nicols; horizontal field of
view is approximately 2 cm).



COARSE TABULAR
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Figure 7.

Granulohlastic texture.

7a.

7b.

/c.

7d.

Sketch of granuloblastic texture taken from Harte et al.
(1975, Fig. 8).

Granuloblastic texture exhibited by spinel harzbura-
ite (SD2-L14) from the Sloan 2 kimberlite (crossed
nicols; noduie is approximately 2 cm across longest
dimension).

Granuloblas