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Abstract

Many diamonds found in the United States
were derived from known host rocks (e.g., kimberlite
and lamproite). The distribution of the known dia-
mondiferous host rocks as well as the associated
basement terrane indicates that the greatest poten-
tial for the discovery of commercial diamond depos-
its in the U.S. lies within the Wyoming craton. To
date, more than 100 kimberlites, one of the largest
lamproite fields in the world, and more than 130,000
diamonds, have been found along the margin of this
craton.

Several secondary diamond occurrences have
also been found in the United States. Many of these
may have been derived from undiscovered
kimberlites and lamproites; however, the hundreds
of diamonds reported in the Pacific Coast region lie
in an area considered to be unfavorable for kimberlite
and lamproite. It is possible that many of these
diamonds originated from unconventional host rocks.

Introduction

Diamonds have been found in the United States
ranging from small crystals less than 1 carat to
thumbnail-size crystals weighing up to 40 carats.
The source of many of these diamonds has remained
a mystery; however, with the relatively recent iden-
tification of several diamondiferous host rock sources,
one can deduce that many of these diamonds were
derived from the erosion of yet-undiscovered ultra-
mafic to mafic host rocks. Potential host rocks have
now been identified in many states within the U.S.

Diamonds have been recovered from several
kimberlites in the Colorado-Wyoming State Line
district; possibly from a cryptovolcanic breccia pipe
in the Green River Basin, Wyoming; from
kimberlites in Michigan; and from lamproites in
Arkansas. Diamonds were reported (although not
verified) in kimberlite in Kansas, and in peridotite
in New York and Maryland. Secondary (not in-
place) diamond occurrences are widespread in the
United States, and diamonds have been recovered
from gravels in numerous gold placers and from
glacial till. Evidence now suggests that North
America may someday become a major source of
diamonds, and could possibly become the world’s
largest producer of the gemstone.

In this report, the primary and secondary dia-
mond occurrences in the United States are sepa-
rated into the following six geographic regions:
Appalachian Mountains, Great Lakes, Continental
Interior, Gulf Coast, Great Basin-Rocky Mountain,
and Pacific Coast. Most notable of the secondary

occurrences are the Appalachian Mountains and
Pacific Coast regions where hundreds of diamonds,
including some of the largest diamonds reported in
the United States, have been found (Figure 1,
Table 1). The source of most of these placer dia-
monds is unknown in that a large part of these
terranes is not considered favorable for diamondif-
erous kimberlite or lamproite.

The principal primary diamond deposits in the
United States are located in the Colorado-Wyoming
State Line district and the Murfreesburo, Arkansas
area. More than 130,000 diamonds have been pro-
duced from several kimberlites in the State Line
district, and more than 90,000 diamonds have been
produced from a group of lamproites in the
Murfreesburo area. These two areas have yielded
several of the largest diamonds found in the United
States (Table 1).

Diamonds and the potential diamondiferous
rocks kimberlite, lamproite, lamprophyre, and peri-
dotite have been reported at a number of localities
in the United States (F'igure 1). These localities are
discussed in the following sections of this report: (1)
Wyoming craton, (2) Great Basin-Rocky Mountains
exclusive of the Wyoming craton, (3) Appalachian
Mountains, (4) Great Lakes, (5) Continental Inte-
rior, (6) Gulf Coast, and (7) Pacific Coast. A few of
the potential “host” rocks are known to contain
diamond, but many of the intrusives have not been
sampled thoroughly.

Diamonds and their host rocks

Diamond is the hardest naturally occurring min-
eral on the surface of Earth. Diamonds have been

found in a nurmber of rock types throughout the
world, but commercial diamond deposits are, for the
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Figure 1. Diamond, kimberlite, lamproite, and related rock localities in the United States (each locality may represent one or more reported occurrence).



Table 1. Reported diamonds in the United States weighing more than 2 carats (modified from Hausel, 1995a, b).

Diamond Weight (carats) State Diamond Weight (carats) State
Uncle Sam 40.42 Arkansas Williams Ferry >6.00 Georgia
Punch Jones 34.46 West Virginia Milford 6.00 Ohio
Star of Murfreesburo 34.25 Arkansas Unnamed 5.90 Arkansas
Doubledipity 32.99 California Unnamed 5.76 Arkansas
Kelsey Lake 28.30 Colorado Unnamed 5.63 Arkansas
Kelsey Lake 28.18 Colorado Unnamed 5.58 Arkansas
Howell 27.31 Arkansas Sloan 5.51 Colorado
Dewey 23.75 Virginia Unnamed 5.19 Arkansas
Terresa 21.25 Wisconsin Unnamed 5.15 Arkansas
Rock Flat 19.50 Idaho Unnamed 5.08 Arkansas
Enigma 17.83 California Unnamed 5.00 Arkansas
Amarillo Starlight 16.37 Arkansas Unnamed 5.00 Arkansas
Kelsey Lake 16.29 Colorado Stanley 4.88 Indiana
Eagle 15.37 Wisconsin Lee 4.61 Alabama
Star of Arkansas 15.24 Arkansas Shelby 4.37 Alabama
Serendipity 14.33 California Dysortville 4.33 North Carolina
Kelsey Lake 14.20 Colorado Daniel Light 4,25 Georgia
Lewis and Clark 14.00 Montana Skamania >4.00 Washington
Kelsey Lake 11.85 Colorado Brown County 4.00 Indiana
Dowagiac 10.875 Michigan Peru 3.93 Indiana
Kelsey Lake 10.48 Colorado Devine 3.87 Wisconsin
Kelsey Lake 9.40 Colorado Jeopardy 3.90 California
Unnamed 8.82 Arkansas Columbus 3.50 Georgia
Unnamed 8.61 Arkansas Chicken Craw 3.15 Oregon
Unnamed 7.95 Arkansas Salt Creek 3.06 Indiana
Ashley 7.75 lllinois Little Indian Creek 3.00 Indiana
French Corral 7.25 California Union Crossroads 3.00 Tennessee
Shell Bluff 7.11 Georgia Chicken Park 2.60 Colorado
Unnamed 6.75 Arkansas Malheur 2.50 Oregon
Saukville 6.57 Wisconsin Prescott Siding 2.41 Alabama
Gary Moore 6.43 Arkansas McDowell 2.38 North Carolina
Unnamed 6.30 Arkansas Gold Creek 2.28 Indiana
Unnamed 6.25 Arkansas Mary 2.27 California
Unnamed 6.20 Arkansas Moore 2.25 California
Kelsey Lake 6.20 Wyoming George Creek 2.14 Colorado
Eisenhower 6.11 Arkansas Burlington 2.11 Wisconsin
Unnamed 6.07 Arkansas

most part, restricted to kimberlite, lamproite, and
the secondary deposits derived from these primary
host rocks. Diamonds have also been recovered from
anumber of unconventional host rocks (Helmstaedt,
1993; Janse, 1994a; Hausel, 1994b, 1996¢). To date,
unconventional deposits have been relatively un-
productive.

Diamonds

There are two basic crystal forms of natural
diamond: (1) isometric, and (2) hexagonal. Terres-
trial diamonds, for the most part, are isometric.
Some isometric microdiamonds are also derived
from meteorites. Hexagonal diamonds (lonsdaleite)
are rare, and appear to be restricted to meteorites.
However, a rare deposit in Siberia, known as the
Popigay Depression, was once mined for hexagonal

diamonds. This anomaly is interpreted by most
researchers as an impact structure, although a few
researchers have suggested that it may represent a
terrestrial diatreme, which sampled rocks deep
within Earth’s mantle (Ed Erlich, personal commu-
nication, 1986).

Isometric diamonds occur in a number of
forms and habits. Isometric diamond, in its
simplest form, produces six-sided cubes referred to
as hexahedrons. The most common habit of dia-
mond is the octahedron, or some modification of the
octahedron (Figure 2). Octahedrons form eight-
sided bipyramids, although some octahedrons may
develop ridges on the octahedral faces producing
crystals of trisoctahedral or hexoctahedral habit.
Partial resorption of octahedral diamonds can also
result in a rounded dodecahedron (12-sided) with
rhombic faces. Many dodecahedrons develop ridges



Figure 2. Octahedral diamond with distinct 111 (triangular)
crystal face. This 14.2-carat gemstone was recovered from
the Kelsey Lake mine along the Colorado-Wyoming border
(photograph courtesy of Redaurum Ltd. and H. Coopersmith).

on the rhombic faces producing a 24-sided crystal
known as a trishexahedron. Additionally, four-sided
tetrahedral diamonds are sometimes encountered;
these are probably distorted octahedrons (Bruton,
1979).

Diamonds often enclose mineral inclusions,
which provide important scientific data on the ori-
gin of diamond; e.g., inclusions are used to date the
formation of the diamond. The diamonds that have
been analyzed to date have yielded Precambrian
ages[3.3 Ga (Giga-annum or billions of years old) to
630 Ma (Mega-annum or millions of years old)],
with the majority of them occurring within the
period of about 3.2 to 2.4 Ga (Anonymous, 1994).
One exception, however, is a group of diamonds
from an apparently unconventional source rock in
New South Wales, Australia. These diamonds
yielded age dates of only 300 Ma (S.R. Lishmund,
personal communication, 1994).

It has been determined that the conventional
host rocks for diamonds are significantly younger
than the diamonds themselves. For example, most
lamproite and kimberlite “host” rocks yield much
younger ages (1.6 Ga to 1.0 Ma) than the diamonds
themselves (Helmstaedt, 1993). This age discrep-
ancy supports the hypothesis that most diamonds
are xenocrysts rather than phenocrysts, and were
accidentally trapped in kimberlite or lamproite
magma deep within Earth’s upper mantle.

Mineral inclusions in diamond are characteris-
tic of peridotite or eclogite source rocks. These dia-
monds are designated as P-type (peridotitic) or
E-type (eclogitic). Peridotites are ultramafic rocks
that contain pyroxene and more than 40% olivine,
and are subdivided based on the type of pyroxenes

present (Plate 1a). For example, lherzolites are
peridotites that contain clinopyroxene and
orthopyroxene; wehrlites contain clinopyroxene but
lack orthopyroxene; and harzburgites contain
orthopyroxene but lack clinopyroxene. Thus, P-type
diamonds may contain inclusions of olivine,
orthopyroxene, clinopyroxene, garnet, chromite, dia-
mond, and/or sulfides, all derived from their peri-
dotitic host rock.

Some peridotitic garnets have unique chemis-
tries indicative of the diamond stability field. Since
garnets are typically more abundant than diamonds
(especially in kimberlite), they are often used in the
exploration for diamondiferous deposits. Some peri-
dotitic pyrope garnets have been designated as “G10,”
which have been derived from sub-calcic (Ca)
harzburgites, and “(G9,” derived from the more cal-
cic lherzolites (Gurney, 1986). Most garnet inclu-
sions in diamonds are derived from sub-Ca
harzburgites. These garnets have relatively low Ca/
Cr ratios compared to lherzolitic pyropes (pyrope
garnets) (Gurney, 1989). Thus, garnets found within
a host kimberlite or lamproite that have similar
chemistry to diamond-inclusion garnets, are inter-
preted to have originated within the diamond sta-
bility field.

Eclogite, another common mantle xenolith found
in kimberlite, has an approximate chemical compo-
sition of basalt. Mineralogically, eclogites consist of
omphacitic clinopyroxene and almandine-pyrope
garnet, and may have accessory rutile, kyanite,
corundum, coesite, and possibly diamond. Thus the
mineral inclusions found in E-type diamonds are
characteristic of eclogite.

Some eclogitic garnets also have unique chemis-
tries indicative of the diamond stability field. Mantle
garnets of eclogitic parentage have been designated
as either Group I or Group II. The Group I eclogitic
pyrope garnets have Na,O contents of 20.09 wt.%
and low levels of Cr,O, (typically <0.05 wt.% Cr,0,).
All diamond-bearing eclogites belong to Group I.
Group II eclogitic pyrope garnets are similar to the
Group I garnets, but have <0.09 wt.% Na,O. Eclogitic
garnets have CaO contents in the range of 3.5 to 20
wt.%. Similar, low-Cr garnets that contain less than
3.5 wt.% CaO are probably derived from crustal
rocks (Schulze, 1993).

Along with garnet, some other indicator miner-
als are used to provide information on the diamond
potential of kimberlite or lamproite. These include
chromite, clinopyroxene, picroilmenite, etc. (see
McCallum and Waldman, 1991; McCandless and
Gurney, 1989; Fipke and others, 1995).



Some nodules (or mantle xenoliths) recovered
from kimberlite have been very rich in diamond.
For example, a hand-specimen of eclogite collected
from the Sloan 1 diatreme in the Colorado-Wyoming
State Line district yielded a minimum diamond
grade of 2,100,000 carats/100 tonnes (metric tons)
(Schulze, 1992). Commercial kimberlite and
lamproite diamond ore may only average 5 to 680
carats/100 tonnes.

Kimberlite

Kimberlite is considered one of the principal
ores for commercial quantities of diamond. Since
the great majority of diamonds found in kimberlite
(as well as lamproite) are considered xenocrysts,
kimberlite cannot be considered as true host rock,
as the kimberlite acts only as a transportation
medium for the gems. As a result, not all kimberlites
contain diamond. Typically, only about 10% are
diamondiferous and less than 2% have commercial
amounts of diamonds in concentrations less than 1
ppm (parts per million) (Lampietti and Sutherland,
1978).

Kimberlite is a volatile-rich, potassic, ultraba-
sic hybrid igneous rock with variable mineralogy
that forms pipes, dikes, and blows (Figure 3)
(McCallum and Mabarak, 1976; Kjarsgaard, 1996).
Blows swell from dikes and are considered the root
zones of the pipes. In cross section, the classical
model of a kimberlite pipe is a carrot-shaped struc-
ture that originates from a dike upward into a root
that expands into a diatreme and may erupt at the
surface forming a crater. The root zone may develop
as deep as 1.5 miles below the surface, forming an
irregular dike complex occupied by one or more
intrusive phases of hypabyssal facies kimberlite.

The hypabyssal facies kimberlite is massive,
porphyritic kimberlite with little to no breccia frag-
ments or country rock clasts. Diatreme facies
kimberlite is represented by volcaniclastic breccias
consisting of clasts of country rock, fragments of
hypabyssal kimberlite, and pelletal lapilli in a ma-
trix of serpentine and diopside (Plates 1b and 1c).
Crater facies kimberlite, consisting of pyroclastic
and epiclastic kimberlitic material (pyroclastics,
tuffs, and lapilli pyroclastics), is preserved only in
pipes that have undergone little or no erosion since
emplacement (crater facies kimberlite is rare, as
most pipes have been subjected to erosion). Where
mineralized, the grades of crater facies kimberlite
are often significantly higher than the diatreme
facies (Helmstaedt, 1993), and ore grades may de-
crease with depth in the pipe (Gurney and others,
1991). Although the grades of diatreme facies and
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Figure 3. Model of akimberlite pipe showing crater
facies, diatreme facies, and hypabyssal facies
kimberlite (not to scale) originating from a root
zone at depth (from Mitchell, 1986).

root zone kimberlite may not show any noticeable
differences, different intrusive phases of kimberlite
in the same pipe often yield different diamond grades
(Wagner, 1914).

Two varieties of kimberlite were recognized by
Wagner (1914): basaltic (Group I) kimberlite and
micaceous (Group II) kimberlite. Because of their
unique chemistry and mineralogy, Mitchell (1995)
suggested that the Group Il kimberlites—which have
closer affinities to lamproite—be renamed orangeites
based on their original discovery in the Orange Free
State, South Africa.

Lamproite

Diamondiferous lamproite was recognized in
1978 in the Kimberley Province of Western Austra-
lia (Figure 4). Before this discovery, kimberlite was
assumed to be the only commercial primary source
rock for diamond, even though diamonds had been
mined from lamproites in Arkansas in the early
1900s and in India in the early 1800s. However,
these lamproites were thought to be kimberlites
until very recently. Kimberlites and lamproites are
distinctly different rock types, although there is an
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Figure 4. The Argyle mine and mill in Western Australia as
seen in 1986. The Argyle olivine lamproite is extremely
diamond rich, yielding ore grades as high as 680 carats/100

tonnes.

overlap in the chemical compositions of micaceous
kimberlite and lamproite (Helmstaedt, 1993;
Peterson, 1996).

In general, lamproites are peralkaline ultra-
potassic mafic igneous rocks enriched in the trace
elements Zr, Nb, Sr, Ba, and Rb relative to kimberlite.
Lamproite, like kimberlite, is silica-poor and rich in
MgO, FeO, K,0, and volatiles (Kirkley and others,
1991). Lamproites may contain diopside, phlogo-
pite, K-Ti richterite, leucite, sanidine, wadeite,
priderite, and/or olivine, with minor apatite,
perovskite, ilmenite, and spinel (Mitchell and
Bergman, 1991). The typical kimberlitic indicator
minerals pyrope garnet, chromian diopside, and
picroilmenite are uncommon in lamproite.

Kimberliticindicator minerals are minerals with
a unique chemistry that provide a signature from
Earth’s upper mantle. These minerals are typically
associated with kimberlite (hence the name
“kimberlitic indicator minerals” as used in this re-
port), but they can also occur in any ultramafic to
maficigneous rock which has had a similar origin
in the upper mantle. For instance, these kimberlitic
indicator minerals have also been found in some
mantle-derived lamproites and ultramafic
lamprophyres.

Lamproite occurs as extrusive, subvolcanic, and
hypabyssal facies rock, and erupts from small volca-
noes with restricted flows. Where mineralized, dia-
mond xenocrysts in lamproite are primarily
restricted to the pyroclastics; the magmatic phases
(and sills) are notoriously diamond poor. Thus, the
available minable tonnage is primarily limited to
the vent facies rocks. Typically, diamond grades are
higher in olivine-lamproites than in the leucite-
lamproites.

The known diamondiferous lamproites in the
world are found at Argyle and in the Ellendale field
of Western Australia; Kapamba in Zambia;
Majhgwan-Chelima in India; Murfreesburo, Arkan-
sas; Aldan in Russia; and Bobi in the Ivory Coast. In
that some petrologists now recognize Group II
kimberlites as a variety of lamproite (orangeite),
lamproites appear to be a very important source of
diamonds: many Group II kimberlites have been a
significant source of gem diamonds (Peterson, 1996).
In addition, the Argyle olivine lamproite in Austra-
lia yields more diamonds per tonne (680 carats/100
tonnes) than any other primary diamond deposit in
the world. Currently, the Argyle mine produces
about 30% of the world’s diamonds, with some rare
pink diamonds that recently became the most ex-
pensive gemstones in the world. Some “Argyle pinks”
have been valued at about $1 million (Australian)
for a 1-carat brilliant cut (Rock and others, 1992)
(Plate 1d).

Altered olivine-phlogopite lamproite dikes have
also yielded diamonds from the Ivory Coast and
Gabon, in Western Africa. These rocks are devoid of
the usual kimberlitic indicator minerals and appear
as talc or phlogopite schists. The Bobi lamproite
dike in the Ivory Coast is locally very diamond rich
with grades up to 1000 carats/100 tonnes
(Helmstaedt, 1993).

Ultramafic complexes,
lamprophyres, < =~
related rocks

Along with kimberlites and lamproites, dia-
monds have been found in a variety of other “host”
rocks that are considered unconventional; as such,
these diamondiferous rocks are currently consid-
ered to be scientific curiosities. For example, dia-
monds have been reported in lamprophyres, alkali
basalts, and other unconventional host rocks.

Certain types of ultramafic lamprophyres, nota-
bly alnoéites, have yielded minor amounts of dia-
mond. Alnoéites lack the characteristic kimberlitic
indicator minerais, contain melilite and biotite mica
(instead of phlogopite), and can be thought of as
melilite-bearing, mica-peridotites (Helmstaedt,
1993).

Diamondiferous picritic monchiquites have been
reported in Western Australia, and diamonds have
also been reported in lamprophyres in Quebec,
Canada. Diamonds were also reported in mugerarite,
nephelinite, and alkali basalt from New South Wales,
Australia (Jaques and others, 1989; Engineering
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Plate 1b. Hand specimen of diatreme facies kimberlite from
the Sloan 1 intrusive, Colorado-Wyoming State Line district.
Clasts of country rock including a reddish pyrope megacryst
are seen in the breccia.

Plate 1d. A collection of colored gemstone diamonds including
Argyle pinks from the Argyle mine, Western Australia.

Plate 1a. Garnet peridotite nodule collected from the Schaffer
group of kimberlites in the Colorado-Wyoming State Line
district. The peridotite contains rounded, reddish, pyrope
garnet porphyroblasts with green chromian diopside (a
clinopyroxene) in a serpentinized matrix. Much of the
serpentine forms replacements after olivine.

Plate 1¢. Thinsection of Nix 1 kimberlite under polarized light
shows serpentine pseudomorphs after olivine with some
remnant olivine.



and Mining Journal, 1994). A set of five diamonds
from this region in New South Wales yielded a
relatively young age date of 300 Ma (S.R. Lishmund,
personal communication, 1994). These diamonds
are assumed to have formed at relatively shallow
depths (48 miles) in a cool, subducted, organic-rich,
oceanicslab (Engineering and Mining Journal, 1994).

Other primary diamond deposits that have re-
cently been recognized are high-pressure alpine-
type and ophiolitic peridotites. Such peridotites were
discovered in the Ural, Caucasus, and Koryak Moun-
tains of the former Soviet Union after diamonds
were traced from nearby placers. The initial discov-
ery occurred in 1978, and resulted in identifying
diamonds in harzburgite bedrock in the Phanero-
zoic Koryak Mountains of northern Kamchatka
(Janse, 1994a). Diamonds in alpine peridotites from
the Koryak Mountains, as well as from Tibet, are
thought to have formed during subduction and to
have survived metastably during rapid tectonic up-

lift.

Diamonds have also been found in a metamor-
phosed, layered, mafic-ultramafic complex near
Kaya, Burkina Faso, Western Africa. This particu-
T=r co aplex consists of m>t morphosed dnr e
overlying a sequence of layered amphibolites, meta-
peridotites, metapyroxenites, and biotite-plagioclase
gneiss (Helmstaedt, 1993).

Recently, a slab of oceanic lithosphere from a
high-pressure metamorphic belt near the Strait of
(it raltz ¢ in Morocco » 25 shown to F ave heen A7a-
mondiferous prior to emplacement. The Beni Bousera
peridotite massif contains numerous graphite
pseudomorphs after diamond in garnet clino-
pyroxenite. The mineral inclusions in the graphite,
and the carbon isotope composition of the graphite,
are similar to E-type diamonds from kimberlite.

The graphite octahedra in the Beni Bousera
massif are confined to four garnet clinopyroxenite
magmatic cumulate layers in the complex. Two of
the layers are greater than 6 feet thick, contain
orange pyrope-almandine garnet with compositions
comparable to those found in diamond-bearing
eclogites (Na,O concentrations up to 0.14 wt.%), and
contain omphacitic pyroxene porphyroclasts with
minor plagioclase, spinel, and sulfides. The graphite-
bearing garnet clinopyroxenite layers, along with
wehrlites, lherzolites, and diopsidites, form an in-
tercalated horizon up to 50 feet thick at the apex of
the massif (Pearson and others, 1989, 1993).

Although primary diamond was not preserved
in the Beni Bousera slab, the concentration of the

graphitized diamonds indicates the slab initially
contained about 15% diamond, or approximately
10,000 times as many diamonds per unit mass of
rock than any known kimberlite intrusive (Pearson
and others, 1993). This deposit may not be unique in
that many detrital diamonds have been reported
along plate margins near ophiolite complexes else-
where in the world including the west coast of the
United States (Hausel, 1996c¢).

High pressure metar )rphic
rocl s

Diamonds have been found in some metamor-
phic environments. For instance, microdiamonds
(averaging only 12.5 microns in lengt] ) were found
as inclusions in garnets and zircons in meta-
sedimentary garnet-biotite gneisses and schists in
the Kokchetav massif of northern Kazakhstan. In
addition to these unusual occurrences, diamonds
have also been identified as inclusions in garnets in
coesite-bearing eclogites, garnet pyroxenites, and
jadeites in the Dabie Mountains of eastern China.
These latter diamonds average only 10 to 60 mi-
crons across and include grains up tc 240 microns
(Helmstaedt, 1993).

Metamorphic diamonds were also discovered in
1992 northwest of the Ulaan-Baatar region,
Mongolia, by the Central Ins .ivuwe of Exploration
from Moscow. Initial bulk sampling tests recovered
diamonds in the range of <0.1 mm (m llimeter) to 1
mm in diameter from the metamorphic rock, which
yielded grades from 4000 carats/100 tonnes to 10,000
carats/100 tonnes. This deposit is similar to the
Kokchetav deposit in Kazakhstan (Ec Erlich, writ-
ten communication, 1993).

Meteorites

Diamonds occur in some meteorites. As much as
1% diamond (both isometric and hexagonal) by
weight has been found in stoney and iron meteor-
ites. Itis suggested that many microdiamonds found
in the sedimentary record are derived from meteor-
ites. Lonsdaleite (the hexagonal diamond form) has
also been reported from the Popigay ~)epression in
northern Siberia. In the past, diamonds were mined
from the Popigay Depression for industrial pur-
poses because of their extreme hardness. The Popigay
structure has been described as an astrobleme, al-
though some researchers have sugges' 2d this struc-
ture may have had terrestrial origirs (Ed Erlich,
personal communication, 1985).



Placers

Isometric diamonds are 6000 to 8000 times
harder than any other mineral. Because of their
extreme hardness and chemical inertness, diamonds
can be transported in streams over great distances.
In some instances, diamonds are assumed to have
been transported hundreds of miles from their origi-
nal source rock (e.g., Gurney and others, 1991).

Favorable terranes for
diamonds

According to current diamond exploration mod-
els, diamonds transported to the surface by
kimberlites or lamproites originated from perido-
tite or eclogite at depths of possibly 90 to 120 miles
within the upper mantle. In order to produce mag-
mas at these depths, it is necessary to have thick,
cool, lithospheric root zones. Such lithospheric roots
are interpreted to exist under Archean cratons,
which are ancient continental cores older than 2.5
Ga (i.e., Kirkely and others, 1991; Levinson and
others, 1992). Such cratons have attained stability,
and have been subjected to very little deformation
over a very long period of time, typically more than
1.5 billion years.

However, within the past 20 years, diamondif-
erous kimberlite and lamproite have been recog-
nized in Proterozoic mobile belts along the margins
of some Archean cratonic cores (i.e., Argyle, Austra-
lia; State Line district, Colorado-Wyoming). These
diamondiferous intrusives were emplaced in Prot-
erozoic basement rocks that were cratonized and
attained stability between 2.5 and 1.6 Ga. Because
of these discoveries, such cratonized Proterozoic
terranes are now thought to have considerable eco-
nomic potential.

Located along the edge of some of these Protero-
zoic cratonized terranes in North America are Prot-
erozoic basement rocks which obtained stability at a
much later time in geological history, sometime
between 1.6 Ga to 800 Ma. Both kimberlite and

lamproite have been found in these younger Prot-
erozoic terranes; however, these intrusives are gen-
erally barren or only contain trace amounts of
diamond (Kirkley and others, 1991). These Protero-
zoic belts are currently considered poor exploration
targets for diamond.

Thus, the cratonic areas of the world can be
subdivided into favorable and less favorable ter-
ranes for diamond exploration. These terranes were
described by Janse (1994b) as (1) archons, which
consist of Archean basement last subjected to a
thermal event with a minimum age of 2.5 Ga; (2)
protons, which consist of Early to Middle Protero-
zoic basement last subjected to a thermal event with
a minimum age of 1.6 Ga; and (3) tectons, which
consist of Late Proterozoic basement last subjected
to a thermal event with a minimum age of 800 Ma.
It is unfortunate that proton was used to describe
one of these terranes, as it has obviously been used
extensively in nuclear physics and chemistry. Possi-
bly “Proterozoic A” and “Proterozoic B” would have
been more useful terms than proton or tecton.

It should be noted that the largest cratonic
region of the world lies under portions of North
America (Figure 5). Even though North America
has been only a very minor source of diamonds in
the past, this is anticipated to change dramatically
in the near future.

Besides the cratonic regions of the world, dia-
monds have also been found off-craton in associa-
tion with unconventional source rocks in accreted
oceanic crust adjacent to subduction zones along
some plate margins. Research on these deposits is
lacking as no commercial deposit has yet been found
in these rocks. However, a considerable number of
placer diamonds have been found in these terranes
worldwide, leaving one to suspect that they may
offer some economic potential either from diamond-
iferous obducted oceanic mantle (eclogite, perido-
tite, serpentinite) or from the intrusives that sampled
these rocks at depth. For exploration purposes, these
terranes are herein termed “plate margin terranes.”

The Wyoming craton

The Wyoming craton consists of an Archean
basement (archon) known as the Wyoming Province
(Figure 5) and cratonized Proterozoic rocks (pro-
ton) of the Colorado Province that lie along the
southern margin of the Wyoming Province. This
craton underlies Wyoming and extends into the

adjacent states of Montana, Colorado, northern Utah,
extreme northeastern Nevada, and eastern Idaho
(Figure 6).

Much of Wyoming and Montana are underlain
by the Wyoming Province, which forms the core of



the Wyoming craton.
The Wyoming Province
is bounded along the
south by cratonized
Proterozoic basement
composed of volcano-
genic gneiss and schist
ofthe Colorado Province,
and along the east by
Archean-Proterozoic
basement rocks of the
Trans-Hudson orogen
(Figure 5), which stabi-
lized in the Proterozoic
(Goldich and others,
1966; Hausel and others,
1991). The Trans-Hudson
orogen is interpreted as
a Proterozoic fold belt
that welded the Wyo-
ming Province on the
west, to the Superior
Province to the east
(Williams and others,
1986; Eggler and others,
1988).
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The Wyoming Prov-
ince is formed of Archean
granite, gneiss, and supra-
crustal metamorphic
rocks exposed in the core
of several Laramide up-
lifts and present under
the sedimentary basins
between the uplifts,
whereit is hidden under
a thick blanket of Phanerozoic sedimentary rocks.
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labeled in all capital letters.

According to Eggler and others (1988), the Wyo-
ming craton was established by 2.7 Ga, but was
later affected by a regional metamorphic event re-
corded at 1.9 to 1.7 Ga. The southern boundary of
the Wyoming Province exposed in the Medicine Bow
Mountains and Sierra Madre in southeastern Wyo-
ming is known locally as the Mullen Creek-Nash
Fork shear zone. This shear, which forms part of the
Cheyenne belt suture, represents a continental-arc
collision zone (Graff, 1978; Hills and Houston, 1979)
separating the Wyoming Province to the north from
cratonized (1.7 Ga) Proterozoic basement of the
Colorado Province to the south. The Colorado Prov-
ince south of the suture consists of volcanogenic
island-arc basement rocks and intrusive granites.

The boundary of the Wyoming Province contin-
ues eastward from the Medicine Bow Mountains
into the central Laramie Mountains, where it is
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Figure 5. The North American craton showing rcgions of favorability for diamondiferous
kimberlite and lamproite (from Levinson and others, 1992). Major Archean provinces are

masked by a 1.5-Ga anorthosite-syenite batholith.
Sheared rocks in the Richeau Hills along the east-
ern flank of the anorthosite complex are thought to
be part of the Cheyenne belt. From the Laramie
Mountains, the boundary continues under Phanero-
zoic sedimentary rocks of the High Plains, and is
projected to intersect the southward extension of

the Trans-Hudson orogen near the Wyoming-
Nebraska border.

The eastern boundary of the Wyoming Province
is not well exposed, and in the past has included the
Black Hills of South Dakota. Geochronologic data
show that ages of the basement in western South
Dakota have been largely reset to Proterozoic val-
ues of the Trans-Hudsonian event (Goldich and
others, 1966). Isolated ages greater than 2.5 Ga in
the Black Hills represent envelopes of an Archean
basement that were thermally insulated during the
Trans-Hudson orogeny, and their isotopic composi-
tions were not reset. Thus, the eastern boundary of
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Figure 6. Generalized map of the Wyoming craton showing the Wyoming Archean Province (outlined by heavy dashed
line) and locations of known kimberlites, lamproites, related rocks, and indicator mineral anomalies. The general location
of the Colorado-Wyoming kimberlite province, which lies within the cratonized Proterozoic terrane of the Colorado
Province, is shown by the shaded area.

the Wyoming Province essentially parallels the
Wyoming-South Dakota border (Hausel and others,
1991; Sims, 1995).

From southeastern Wyoming, the southern
boundary of the Wyoming Province continues west-
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ward through northern Utah and into the Basin and
Range of extreme northeastern Nevada, whererelict
Archean ages were reported in the core of the East-
ern Humbolt Range (Lush and others, 1988). From
Nevada, the province is interpreted to continue
northward under sedimentary cover in eastern Idaho



into southwestern Montana. Farther north, the prov-
ince boundary is masked by younger thermal and
structural events and by younger sedimentary and
metasedimentary cover in Canada. The northern
edge of the province coincides with a geophysical
anomaly in Alberta that has been interpreted as a
possible suture between the Wyoming Province and
the Hearne Province of Canada (Hoffman, 1988;
Houston, 1993).

Near the close of the Archean, a thick, cool,
lithospheric mantle “keel” existed beneath the Wyo-
ming Province. Such lithospheric roots are thought
necessary to provide favorable conditions to pro-
duce magmas from depths within the diamond sta-
bility field. These conditions continued into
Cretaceous time; however, Eggler and others (1988)
and Eggler and Furlong (1991) suggested that por-
tions of the lithosphere eastward towards the Great
Plains were destroyed by Cretaceous to Eocene
tectonomagmatism, such that remnants ofthe “keel”
are interpreted to exist only in central Montana,
southeastern Wyoming, and the Leucite Hills of
southwestern Wyoming. Nevertheless, based on the
presence of numerous and widespread kimberlitic
indicator minerals found in Wyoming, a substantial
mantle lithosphere may have existed under much of
Wyoming during the geologic past.

The Colorado Province to the south contains the
largest known field of kimberlites in the United
States. This province consists of a 1.8 to 1.7 Ga
metamorphic terrane disconcordantly intruded by
1.5 to 1.4 Ga granitic rocks (Peterman and others,
1968). The metamorphic rocks are amphibolitic,
quartzofeldspathic, and pelitic gneisses and schists
that are part of an island-arc succession that col-
lided with the Wyoming Province 1.7 billion years
ago. The collision boundary, marked by the Chey-
enne belt, is interpreted to intersect the Laramie
Mountains some 50 to 70 miles north of the State
Linedistrict (McCallum and others, 1977; Karlstrom
and Houston, 1984).

Much of the lithosphere under the Colorado
Province has thinned since Cretaceous time. How-
ever, a thick “keel” extended under the Colorado-
Wyoming State Line district during the Paleozoic as
is evidenced by the presence of several diamond-
bearing kimberlites (Eggler and others, 1988). Eggler
and others (1988) and Shaver (1988) proposed that
a fragment of an Archean “keel” extended under the
Proterozoic basement, although samples from State
Line kimberlites suggested to Coopersmith and
Schulze (1996) the upper mantle at depth contains
only 5 to 10% harzburgite, which is more typical of
a Proterozoic lithosphere.
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Most kimberlites in the Colorado Province are
early Devonian in age based on the presence of
Paleozoic xenoliths, fission track dating of sphene
(Larson and Amini, 1981) and zircon (Naeser and
McCallum, 1977), and on Rb-Sr dating of phlogopite
(C.B. Smith, 1979, 1983). However, some recent
dates obtained from a few kimberlites suggest at
least two episodes of emplacement may have oc-
curred: a Late Proterozoic event (600 to 700 Ma)
and a Devonian episode (A.P. Lester, personal com-
munication, 1996). In addition to these events, other
episodes of mantle-derived magmatism have been
recognized in the Wyoming craton (Hausel, 1996a).

The majority of the known kimberlites occur
within two districts: the State Line and Iron Moun-
tain districts. A few scattered intrusives have also
been found in the Estes Park region and the Boulder
area of Colorado; the Sybille Canyon region of Wyo-
ming; and the Missouri Breaks region of Montana.
Some of the Wyoming kimberlites lie adjacent to
terrane of several hundred square miles in extent
that has produced numerous kimberlitic indicator
mineral anomalies in stream sediment samples,
suggesting that the known kimberlite fields are
more widespread. Additionally, similar indicator
mineral anomalies have also been identified along
the flank of the Sierra Madre, Seminoe, and Big-
horn Mountains; in the Medicine Bow and Uinta
Mountains; and in the Green River Basin. To date,
diamonds have been reported in kimberlites in the
Colorado-Wyoming State Line district and in brec-
cia pipes in the Green River Basin. Diamonds have
also been found in the Medicine Bow Mountains and
the Powder River Basin. There are also reports of
diamonds from several other localities in Wyoming,
Montana, and Idaho (Hausel, 1995a).

In addition to kimberlites, the Wyoming craton
also encloses the largest lamproite field in the United
States, known as the Leucite Hills. The Leucite
Hills in southwestern Wyoming lie northeast of a
highly anomalous 500- to 1000-mi? region contain-
ing widespread kimberlitic indicator minerals found
in anthills, soils, stream sediments, and in the Bishop
Conglomerate (Oligocene) (McCandless, 1982, 1984).
This anomaly extends into extreme northwestern
Colorado and northern Utah (McCandless and oth-
ers, 1995). Other lamproites and some ultramafic
lamprophyres have also been identified in the cra-
ton in Montana and northern Utah.

In southeastern Wyoming and northern Colo-
rado, more than 100 late Proterozoic and early
Devonian kimberlite intrusives and dozens of unex-
plored geophysical, remote sensing, and heavy min-



eral anomalies form the Colorado-Wyoming
kimberlite province (Hausel, 1996a). Within the
central portion of this province, 35 to 40 kimberlite
dikes and diatremes (most of which are diamondif-
erous) occur in the State Line district (McCallum,
1991) (Figure 7). The district extends 4 miles north
into Albany County, Wyoming, and 12 miles south
into Larimer County, Colorado.

The known kimberlite intrusives extend many
miles north and south of the Colorado-Wyoming
State Line district. For instance, kimberlites have
been found 50 to 60 miles south at Boulder, Colo-
rado, and 40 to 45 miles north at Middle Sybille
Creek in Wyoming. To date, only the State Line
kimberlites have yielded diamonds, although sub-
calcic G10 pyrope garnets from the Iron Mountain
district suggest those kimberlites also tapped the
diamond stability field (McCallum and Waldman,
1991).

State Line district, Colorado-
Wyoming

The Colorado-Wyoming State Line district ex-
tends from the southern Laramie Mountains of
Wyoming into the Front Range of Colorado. Geo-
graphically, these two form a single, continuous,
mountain range uplifted during the Laramide orog-
eny. Near the State Line district, the exposed Pre-
cambrian metamorphic crystalline rocks (1.9 to 1.7
Ga) of the Colorado Province are disconcordantly
intruded by 1.4-Ga granitic rocks.

The dominant structure in the State Line dis-
trict is the Virginia Dale ring-dike complex, which
forms a circular granitic pluton nearly 9 miles in
diameter. The ring-dike, interpreted as a phase of
the Log Cabin batholith, intrudes the 1.4-Ga
Sherman Granite and some metamorphic rocks
(Eggler, 1967).
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The only post-Precambrian rocks found in the
vicinity are arkosic sedimentary rocks of the Penn-
sylvanian Fountain Formation, located along the
margins of the district, and Cambrian, Ordovician,
and Silurian sedimentary xenoliths found in some
kimberlite diatremes (McCallum and others, 1979).
The kimberlites consist predominantly of hypabys-
sal and diatreme facies, although some minor crater
facies kimberlite has been reported at the Kelsey
Lake intrusives along the state line. Erosional mod-
els suggest that many of the known kimberlites may
be deeply eroded with as much as 50% of the original
pipes having been removed. Thus, many placer dia-
monds should lie downstream.

The diatreme facies kimberlite consists of abun-
dant subrounded to angular rock fragments with
serpentinized macrocrysts of olivine and lesser
enstatite, Cr-rich and Cr-poor pyropic garnet, diop-
side, picroilmenite, clinopyroxene-ilmenite inter-
growths, and phlogopite in a finely crystalline matrix
of serpentine, carbonate, olivine, diopside,
picroilmenite, phlogopite, perovskite, magnetite, Cr-
rich spinels, hematite, apatite, and zircon (Rogers,

b.

and of grass)

1985; McCallum, 1991). The hypabyssal facies
kimberlite is a massive porphyritic rock that occurs
in dikes, sills, and small plug-like bodies that repre-
sent root zones of deeply eroded pipes. The mineral-
ogy of the hypabyssal kimberlite is essentially the
same as the diatreme facies; however, globular,
emulsion-like segregations of serpentine and calcite
are more abundant in the hypabyssal facies (Rogers,
1985). Xenolithic fragments rarely exceed a few
percent in the hypabyssal facies (unlike the diatreme
facies), and typical fragments are moderately well-
rounded upper mantle and lower crustal nodules.

Generally, the kimberlites are poorly exposed,
have negligible relief, and are deeply weathered.
Geophysical surveys suggest weathering continues
to depths of at least 100 feet below the surface in
many kimberlites, although moderately fresh expo-
sures are present at some sites. Most kimberlites
are covered by alluvium and/or colluvium, and some
have been recognized by the presence of gray, weath-
ered, “blue-ground” kimberlitic soils that are com-
monly associated with noticeable grassy vegetation
anomalies (Plates 2a and 2b; Figures 8a and 8b).
Other sites are recognized by the presence of Lower
Paleozoic xenoliths as well as mantle and lower
crustal xenoliths and nodules of peridotite, pyrox-
enite, eclogite, granulite, and/or megacrysts of py-
rope, ilmenite, or diopside (McCallum and Eggler,
1979; Hausel and others, 1979).

Kimberlite was first recognized in the district in
1964 by M.E. McCallum from samples collected at
the Sloan 1 diatreme. Many subsequent discoveries
were made by D.H. Eggler, M.E. McCallum, and
many of McCallum’s graduate students at Colorado
State University. Diamonds were first identified in
the district in 1975 during routine thin-section prepa-

is noticeable over some kimberlite intrusives. (a)

View looking along contact of the Schaffer 15 kimberlite with the country rock, and (b) view looking down along contact of a
kimberlite at Iron Mountain with the country rock granite. In both areas the kimberlites lie under the high grass on the right side

of each photograph.
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ration of a serpentinized garnet peridotite nodule
collected from the Schaffer 3 kimberlite in Wyo-
ming. During the preparation of the section, deep
scratches were cut into a carborundum grinding
plate by a small, white, crystal that was later con-
firmed as diamond (McCallum and Mabarak, 1976).

To date, total diamond production from the dis-
trict has amounted to more than 130,000 gem and
industrial stones (Table 2). The diamonds range
from microdiamonds to a 28.3-carat octahedron,
which is the fifth largest verified diamond found in
the United States (Table 1). The gem to industrial
quality diamond ratios in the district are very favor-
able, with some deposits reporting 65% gemstones.

The district’s diamond population is dominated
by colorless stones, although black, gray, brown,
yellow, and lesser green and pink diamonds have
also been reported. The colorless stones are in many
cases high-quality gemstones. Information on the
pink diamonds is lacking, which is intriguing be-
cause other pink diamonds, known as the “Argyle
pinks” from Australia, represent some of the most
valuable gemstones available on the market.

Additional exploration in the district will un-
doubtedly lead to the discovery of more kimberlites.
For example, an airborne INPUT® survey over the
Wyoming portion of the district in 1981 identified
several conductivity anomalies that were not asso-
ciated with any known kimberlites. In addition,
several weak to strong magnetic anomalies were
detected. One group of prominent magnetic anoma-
lies located along the northern edge of the district
were interpreted as undiscovered (buried or blind)
pipes (Paterson and MacFadyen, 1984). To the
author’s knowledge, as of 1997 none of these latter
anomalies had been drilled!

Another study in the northern part of the dis-
trict, identified several remote sensing anomalies
possibly associated with kimberlite (Marrs and oth-
ers, 1984; Marks, 1985). Similar studies in the dis-
trict should result in the discovery of other hidden
pipes. And since all the kimberlites tested in the
district to date have been diamondiferous, one would
anticipate to see additional INPUT® and remote
sensing studies in the future.

Approximately one-half of the known kimberlites
in the State Line district occur in the Colorado
portion of the district. Diamonds have been recov-
ered from most of these kimberlites, and some gold
prospectors from Fort Collins have also reported
finding diamonds in the Poudre River, which drains
portions of the district. Other placer diamonds were
mentioned in the San Francisco Chronicle (August
1, 1872), which stated that the discovery consisted
of several small diamonds of no commercial value.
The article indicated the diamonds were found by a
group of gold prospectors on the “headquarters”
[headwaters?] of the Santa Maris, a branch of the
Bill Williams Fork of the Colorado River. Since this
news article was published in 1872, it is suggested
that there may be a possible connection to the
“Great Diamond Hoax of 1872” (e.g., Hausel and
Stahl, 1995).

Schaffer, Ferris, and Aultman
kimberlites

The Colorado-Wyoming State Line district is
located 20 miles south of Laramie, and immediately
west of U.S. Highway 287 (Figure 9). On the Wyo-
ming side of the district, 20 kimberlite intrusives
known as the Schaffer group (complex), Aultman 1

Table 2. Reported diamond recoveries from State Line district kimberlites exclusive of Kelsey Lake (McCallum and Waldman,

1991; Shaver, 1994).

Tonnes Total Average grade Range of grades
Site processed stones carats/100 tonnes carats/100 tonnes
Maxwell 300 28 <0.5 ?
Aultman 1859.5 132 <1.0 ?
Schaffer group 3892.6 227 <1.0 ?
Chicken Park 295.9 306 6.7 ?
Sloan 1 1830.2 13,749 8.7 1.2-21.3
Sloan 2 4107.6 25,867 12.68-18.4 2.2-59.8
Sloan 5 903.5 474 1.0 0.0-5.3
Sloan 6 500.0 215 1.3 0.2-4.8
George Creek Ki 2613.2 80,282 46.1 20.0-135.1
George Creek K2 416.1 8873 31.0 18.1-86.8
Total 16,718.6 130,153
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and 2, and the Ferris 1 and 2 lie within 2 to 3 miles
of the Kelsey Lake diamond mine (Figure 9). These
occur as dikes, blows, and diatremes and contain
hypabyssal and diatreme facies kimberlite
(McCallum and Mabarak, 1976; Hausel and others,
1981).

Diamonds recovered from bulk samples collected
from the Schaffer and Aultman kimberlites by
Cominco American Incorporated in the early 1980s
(Plates 2¢, 2d, and 2e) included approximately
50% stones of gem quality (Figure 10). The largest
stones weighed 0.985 and 0.86 carats, respectively,
and were recovered from the southern part of the
Schaffer complex. The average grades of the bulk
samples were low, ranging from 0.5 to 1.0 carat/100
tonnes (Hausel, 1993b). However, less than 9000
tonnes of material were mined from a group of about
ten kimberlites in the district (typically, 10,000
tonnes of kimberlite are sampled per each intrusive
during feasibility studies), and some kimberlites
still remain untested to date.
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In addition to the known kimberlites, several
geophysical anomalies and anomalous stream sedi-
ment samples suggest the presence of additional
undiscovered kimberlites within the district. In a

Figure 10. Industrial and gem-quality diamonds recovered
from Wyoming State Line kimberlites in the early 1980s. The
six diamonds on the right side of the photograph are gem
quality.



Plate 2

i )

Plate 2a. Blue ground (weathered kimberlite) exposed in Plate 2b. The different soil colors are readily visible in drill hole

badger diggings on the Schaffer 15 kimberlite, Wyoming. cuttings between the contact of the Aultman 1 kimberlite with
the adjacent Sherman Granite. The blue ground on the right
side of the photograph is distinctly different from the granitic
soils on the left.

| ]
Plate 2c. Bulk samplingonthe Aultman 1 kimberlite, Wyoming, Plate 2d. Trenching in the Schaffer kimberlites farther to the

by Cominco American Incorporated. Trenchingofthe kimberlite south of Plate 2c revealed a sharp contact with the host
exposed the characteristic blue ground. granite.

Plate 2e. Close inspection of the kimberlite/granite contact at !
the Schaffer kimberlites, Wyoming, showed a knife-sharp

contact withthe granite and no evidence of wallrock alteration

typical of kimberlites worldwide. The cold emplacement 5
temperatures of the kimberlite magma are due to adiabatic

expansion of CO, gas from the magma, which freezes the

contact. Kimberlite magma is interpreted to be emplaced at

the surface at a temperature of about 0°C.
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news release of September 19, 1996, Royal Gold .

reported finding indicator minerals in the district:
“... in drainages where kimberlites were not previ-
ously known to exist.” Of 73 samples collected by the
company, indicator minerals were found in 17
samples. In an earlier survey, anomalous samples
were also recovered immediately north of the known
kimberlites (Hausel and others, 1988).

Geophysical studies have also provided evidence
of buried or blind diatremes in the district. During
ground geophysical surveys, Hausel and others
(1979, 1981) identified electrical conductors and
weak to moderate magnetic anomalies associated
with several known kimberlites. This led to the
identification of a kimberlitic blow buried in a drain-
age along the trend of the Schaffer kimberlites in
Wyoming. A later airborne INPUT® survey over the
district not only detected most of the known
kimberlites, but also identified several possible blind
diatremes (Figure 11). Paterson and MacFadyen
(1984) reported that INPUT® responses corre-
sponded well with the known kimberlite intrusives
in the district. Conductors were detected in associa-
tion with the Schaffer group of kimberlites in both
Colorado and Wyoming (the Schaffer kimberlites in
Colorado later became part of the Kelsey Lake dia-
mond mine). Additionally, a group of 10 to 12 fairly
strong, discrete, magnetic anomalies identified by
Paterson and MacFadyen’s (1984) survey in the
vicinity of the Ferris pipes were interpreted to be
manifestations of buried, near-surface diatremes.
One of these magnetic anomalies was also located
over the Kelsey Lake area.

The presence of these untested geophysical
anomalies and kimberlites within 3 miles of the
Kelsey Lake diamond mine in a known diamond
district is astounding! To date, there has been no
research on the potential for placer diamonds in this
area, yet many of the kimberlites in the district
appear to be deeply eroded.

Several kimberlites occur in the Colorado por-
tion of the State Line district in Larimer County
(Braddock and others, 1989; Coopersmith, 1991;
McCallum, 1991). These include the Kelsey Lake
kimberlites; the Chicken Park kimberlites; the Sloan
1, 2, 3, 4, 5, and 6 kimberlites; the Moen intrusive
(located in section 31, T12N, R71W); the Nix 1, 2, 3,
and 4; the Maxwell pipes; and the Diamond Peak
kimberlites (Figure 9) (Shaver, 1994). Other
kimberlites in the district include the George Creek
dikes and the Pearl Creek intrusive located south of
George Creek (Shaver, 1994).
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Kelsey Lake kimberlites

These kimberlites are located in sections 19 and
20, T12N, R72W. Commercial production of dia-
monds began in 1996 in the Colorado-Wyoming
State Line district, after Redaurum Ltd. placed two
of the Kelsey Lake kimberlites (KL1 and KL2) into
production (Plates 3a and 3b and Figure 12).
These lie near the Wyoming border in Colorado. A
group of kimberlites were discovered in this area by
Eggler (1967) and named the Schaffer 1, 2, 6, 7, 8,
and 9 (see also McCallum and others, 1975;
McCallum and Mabarak, 1976). Years later, some
additional kimberlites were discovered by Cooper-
smith (1991, 1997), and the new discoveries along
with the earlier Schaffer kimberlites were desig-
nated as the Kelsey Lake pipes.

The Kelsey Lake kimberlites yielded magnetic
and conductivity anomalies that were detected by
some early remote sensing and INPUT® surveys
(Figure 11) (Marrs and others, 1984; Paterson and
MacFadyen, 1984).

The Kelsey Lake kimberlites are irregular-
shaped pipes and fissures containing diatreme fa-
cies kimberlite with zones of hypabyssal facies and
minor crater facies kimberlite. An apparent Devo-
nian age on the Kelsey Lake kimberlites is in agree-
ment with Early Devonian isotopic ages for most
other pipes found in the Colorado-Wyoming
kimberlite province (Coopersmith, 1993, 1997).

To date, these kimberlites and adjacent alluvial
material have yielded many high-quality diamonds
heavier than 1 carat (Figure 13). Some of the larger
recovered stones have included 6.2-, 9.4-, 10.48-,
11.85-,14.2-,16.9-,28.18-, and 28.3-carat gemstones.
The diamonds have predominantly octahedral habit,
and are colorless with some honey-brown gemstones
(Coopersmith and Schulze, 1996). The probability
that many other large gemstones will be found in
the future is considered high, as the property has
only been in production for a short time.

One of the largest stones recovered from the
pipe, a 28.18-carat diamond, was cut and produced
the largest cut U.S. diamond. The cut diamond
weighed 16.8 carats, and had an estimated value of
more than $250,000 (Denver Post, September 25,
1997). A 28.3-carat diamond, also recovered from
Kelsey Lake, was cut into a 5.39-carat gemstone
that sold for $87,000 (Paydirt, 1996).

The two largest of the Kelsey Lake pipes cover
nearly 20 surface acres. A mill on the property is
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Figure 12. The kimberlite at Kelsey Lake is weathered and
very soft; as a result, the material is scraped and no blasting
is necessary.

Figure 13. A sampling of several gem-quality diamonds
recovered from the Kelsey Lake diamond mine. The largest
stone inthe centerweighed 14.2 carats. Photograph courtesy
of Redaurum Ltd. and Howard .Coopersmith.

designed to operate at 195 tonnes/hour and process
approximately 40,000 to 50,000 tonnes/month (Fig-
ure 14) (Coopersmith and Schulze, 1996). The mine
is expected to have at least a 12-year life, and
resources have been established at 16.9 million
short tons to a depth of 320 feet (Coopersmith,
1997).

Indicator minerals from the Kelsey Lake
kimberlites include abundant G9 pyrope garnets,
lessor sub-calcic G10 Cr-pyropes, and high-Cr
chromites. The ilmenite compositions show magne-
sium depletion and chrome enrichment similar to
ilmenites from the Iron Mountain, Wyoming
kimberlites. (Ilmenite compositions are thought to
provide information on the reducing/oxidizing con-
ditions of the kimberlite magma, and thus provide
an indication of diamond preservation.) The compo-
sitions of the Kelsey Lake ilmenites suggest that the
kimberlite magmas were oxidizing, implying that
the diamonds should have been badly resorbed and
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Figure 14. The Kelsey Lake diamond mill with piles of
kimberlite in foreground.

destroyed during emplacement. However, the pres-
ence of gem-quality diamonds with octahedral habit
suggests that the ilmenite compositions are not
providing a reliable barometer on diamond preser-
vation at Kelsey Lake (Coopersmith and Schulze,
1996).
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These kimberlites are located in sections 35 and
36, T11N, R73W, and section 2, T10ON, R73W. The
Chicken Park kimberlites include three relatively
small blows of lower diatreme facies and upper
hypabyssal facies kimberlite, and one dike of hyp-
abyssal facies kimberlite that all lie along a north-
easterly trend. The largest intrusive is a blow of
about 250 by 160 feet. Three of the intrusives were
outlined by vegetation anomalies; the fourth was
not exposed at the surface and was later discovered
following stream sediment sampling surveys (Rogers,
1985).

The stream sediment sampling surveys were
completed by Rogers (1985) in the Red Feather area
and included about 200 samples. Of these samples,
12 contained picroilmenite, and a few contained
both picroilmenite and pyrope garnet. Some of the
anomalies were produced from material derived
from the exposed Chicken Park kimberlites as the
anomalies lie immediately downstream from the
intrusives, and a few anomalies were derived from
the buried CK1 intrusive. Three anomalous samples
were taken in ephemeral drainages upstream from
the Chicken Park intrusives, suggesting the pres-

ence of another buried intrusive, or intrusives, in
the Chicken Park area.

Bulk sample tests on the intrusives resulted in
the recovery of 306 diamonds from a 296-tonne



sample at an average grade of 6.7 carats/100
tonnes. The largest recovered diamond was a
2.6-carat industrial stone.

The geochemistry of indicator minerals
shows that the ilmenites have intermediate to
high MgO content and are depleted in Cr,0,
suggestive of oxidizing conditions. Garnets from
the property have yielded sub-calcic, high-Cr,
barzburgitic pyropes (G10), along with a large
population of calcic G9 pyropes (McCallum and
Waldman, 1991).

The age of the kimberlites appears to be
Late Proterozoic, even though most kimberlites
in the Colorade-Wyoming State Line distmict
are Early Devonian. Ar'®-Ar® and Rb-Sr data
from a sample of the Chicken Park kimberlites
yielded Late Proterozoic ages similar to the
George Creek dikes and Green Mountain pipe
(A.P. Lester, personal communication, 1996).

Sloan kimberlites

Six kimberlites in the southern portion of
the State Line district (Figure 9) in the Rabbit
Creek area include the Sloan 1 and 2 (located in
section 10, T10ON, R72W); Sloan 3 (sections 9
and 16, T10N, R72W); Sloan 4 (section 12, T10N,
R72W); and Sloan 5 (Figure 15) and 8 (section
3, T10N, R72W). Fowr of the six kimberlites
have been bulk sampled (Table 2). There is no
information available on the Sloan 3 and 4
kimberlites.

The Sloan 1 and 2 kimberlites consist of hyp-
abyssal and diatreme facies kimberlite. The Sloan 1
intrusive has an areal extent of 500 by 1800 feet and
the Sloan 21is 200 by 2000 feet. The Sloan 1 kimberlite
was discovered in 1964 by M.E. McCallum based on
exposures of kimberlite along its western edge,
whereas the Sloan 2 kimberlite was discovered sev-
eral years later by C.D. Mabarak following a stream
sediment sampling survey in the area (McCallum
and Mabarak, 1976). The Sloan 1 and 2 have yielded
a significant number of sub-calcic G10 harzburgitic
pyropes, indicating a moderate potential for peri-
dotitic diamonds; the TiO,/Na,O contents of the
eclogitic garnets indicale a low potential for eclogitic
diamonds (McCallum and Waldman, 1991). Despite
this, the majority of the diamonds recovered from
the Sloan 1 and 2 are E-type diamonds (Ofter and
Gurney, 1989).

The MgO:Cr,0, ratios in picroilmenites from
Sloan 1 and 2 suggest that the magma was reducing
and favorable for diamond preservation (McCallum

Figure 15. Aerial view of the Sican 5 kimberlite. This kimberlite lies
in a distinct open park and along a prominent structure highlighted
by a linear sland of Irees in the bottom right corner of the
photograph.
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and Waldman, 1991). The recovered diamonds range
from well-preserved octahedra to highly resorbed
tetrahexahedra with colors ranging from D to E on
the GIA (Gemological Institute of America} color
grading system (see Bruton, 1979, p. 279) and in-
clude stones that are very dark yellow-brown
(Dummett and others, 1988).

The Sloan 1 intrusive is estimated to host a
resource of 15.3 million tonnes of ore at an average
grade of 6.1 carats/100 tonnes, The Sloan 2 intiu-
sive is estimated to contain a resource of 8.4 million
tonnes at an average grade of 17.1 carats/100 tonnes.
Production from the Sloan 1 and 2 amounted to
21,546 diamonds in the 1980s (Oliver, 1990); more
recent bulk sampling by Royalstar Resources on the
Sloan 2 kimberlite yielded 9034 diamonds larger
than 1 mm diameter with a combined weight of
342.17 carats from 3300 tonnes of rock (Figure 16).
The avevage grade of the Royalstar sample was
12.68 carats/100 tonnes (Shaver, 1994).
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expected to produce a clear, white, briluant-cut
stone weighing at least 2 carats (Shaver, 1994).
Cumulative production from the Sloan 1 and 2
kimberlites has totaled 39,618 diamonds (modified
from Hausel, 1996b).

The Sloan 5 intrasive lies to the north of the
Sloan 1 and 2, and was bulk sampled in 1982. In
total, 474 dhamonds totaling 9.09 carats were recov-
ered from 904 tonnes (an average grade of 1.0 carat/
100 tonnes). Bulk sampling of the nearby Sloan 6
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Nix kimberlites

A group of four intrusives located in section 14,
T11N, R72W, form the Nix cluster of kimberlites.
These include the NX1 and NX3 kimberlites, which
are formed primarily of brecciated diatreme facies
kimberlite, and the NX2 and NX4 kimber)ites,
which consist of massive hypabyssal facies kim-
berlite porphyry. A 300-pound sample collected



from two of the four Nix
kimberlites yielded
microdiamonds (Mc-
Callum and others,
1977).

Maxwell pipes

Twa kimberlites,
known as the Maxwell
pipes, lie near the Wyo-
ming border in section 24,
T12N, R73W. The Max-
well 1 forms a topographic
depression marked at the
surface by limestone nod-
ules and a typical suite of
kimberlitic indicator min-
erals in the soil over the
pipe (Figure 18). The in-
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trusive covers a surface
area of about 5 acres. The
Maxwell 2 also forms a
topographic depression and is marked by a pronounced
vegetation anomaly (Carlson, 1983).

inches.

Diamond Peak kimberlites

These kimberlites are located in sections 26 and
35, T12N, R73W. Twao kimberlites, known as the
Diamond Peak kimberlites, were identified follow-
ing stream sediment sampling surveys near Dia-
mond Peak. According to Carlson (1983), the DP1
kimberlite occurs in a small alluvial valley and is
marked by limestone xenoliths and weathered
kimberlite in animal burrows. The DP2 kimberlite is
asmall intrusive (< 200 feet in diameter) marked by
a topographic depression with an overlying veg-
etation anomaly.

George Creek kimberlites

Tbe George Creek intrusives, located about 15
miles southwest of Kelsey Lake in sections 21 and
29, T11N, R74W, were discovered following regional
stream sediment sampling surveys that detected
kimberlitic indicator minerals in the nearby drain-
ages. The pyrope populations included several sub-
calcic, high-Cr, harzburgitic G10 pyropes.

The source of the indicator minerals was identi-
fied after follow-up VLF (very low frequency) elec-
tromagnetic surveys detected a northeasterly
trending buried conductor upstream from the
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Figure 17. Diamonds {rom the Sloan 2 kimberlite, including a 5.51-carat stone. Scale is in

Figure 18. The Maxwell 1 kimberlite is expressed as a
topographic depression with a grassy vegetation anomaly
shown in the center of the photograph.

anomalous sediment samples. This conductor was
later trenched exposing kimberlite (Carlson and
Marsh, 1989).

Three narrow, steeply dipping kimberlite dikes
that are known as the K1. K2, and K3 intrusions
were found. These dikes range in length from sev-
eral hundred to about 3000 feet, with widths of
inches to 13 feet. The dikes consist of hypabyssal
macrocrystalline phlogopitic kimberlite. Rb-Sr
analysis of weathered, surficial material from one of
the dikes yielded a preliminary age of about 600 Ma
(Carlson and Marsh, 1989) similar to the Chicken
Park and Green Mountain kimberlites.
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Kimberlites and related rocks
and minerals in Colorado
outside the State Line district

Baca County

The Two Buttes igneous complex in southeast-
ern Colorado includes laccoliths, sills, and dikes of
monazite to minette affinity. The minettes are oliv-
ine lamprophyres rich i1 iron. magnesium, and
alkalies (particularly pota ) +Kreiger and
Thornton, 1976).

Boulder County

A single, 128-foot dia
the Green Yeuniainp’

~r diatreme, known as
nt 1des Boulder Cranite

in the iderCGi ' .. *sed rof  Frant
] 3 [ 0 -
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pipe yieldud paleomagnetic, K-Ar, Ar''-Ar?®, and
Rh-Sr ages between 600 to 700 Ma (A.P. Lester,

personal communization. 10962 No diamonds have
bern reported fiom the pine

Custer County

~

Peridotite was re | near(
County of southern Colorado. The peridotite forms a
small, oblong outcrop on the north bank of Cotton-
wood Gulch above the Mountain Boy mine. The rock
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consists of hornblende, hypersthene, and olivine
(Blank, 1934, 1935). No kimberlites or lamproites
are reported in the county.

Larimer County

Other kimberlites occur in Larimer County out-
side the State Line district but within the Colorado-
Wyoming kimberlite province (Figure 7). These
include a single, 3- to 6.5-foot wide kimberlite dike
38 miles south of the State Line district and south of
Estes Park near Ramshorn Mountain (sections 1
and 12, T4N, R73W). Preliminary testing of the dike
vielded no diamonds (Hausel and others, 1985).
Other kimberlite dikes are reported west of Estes
Park in Hayden Gorge adjacent to Hayden Spire
[Latitude (Lat.) 40°21'30"N, Longitude (Long.)
105°43'30"W], and southwest of Isolation Peak (Lat.
40°12'30"N, Long. 105°42'W) in Rocky Mountain
National Park (Braddock and Cole, 1890).

Moffat County

Diamonds, rubies, sapphires, emeralds, and
pyrope garnets all occur on a sandstone outcrop in
Diamond Field Draw along the northeastexrn flank
of Diamond Peak in the northwestern corner of
Colarado, a short distance south of the Wyomine
border(Figure 197. In 1986,t!  w ~ rrecovered -
diau:onds, 17 rubies, and 24 pyr  garmets from
th" area. This was the site ¢ yrate  ud
ke wenogs the “Czant | —rnc I 7 that to
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ol ofkene T )
erals, and diamonds, nor was there any known
association of diamonds with cratons.

indicat o



Figure 19. Site of the “Great Diamond Hoax of 1872." The
sieve piles on the sandstone outcrop are the historicremnants
of sampling by the 40th paraliel survey in 1872 to prove the
site was a hoax. The diamonds, rubies, sapphires, ang
pyrope garnets found at the site were placed on sandstone

and in nearby anthills in an attempt to fool investors.

Kimberlites, lamproites, and
related minerals in Wyoming
outside the State Line district

Albany County

Throughout a Jarge portion of Albany County
(and extending into adjacent Laramie County) in
both the Laramie and Medicine Bow Mountains,
stream sediment sampling surveys were conducted
for several years by the Wyoming State Geological
Survey in the search of kimberlite. The project was
successful and resulted in the identification of ap-
proximately 300 kimberlitic indicator mineral
anomalies (Hausel and others, 1988), but due to
funding limitations, none of the minerals were
geochemically analyzed.

These anomalies were identified in the Laramie
Mountains north of the State Line district, and a
few were identified in the Medicine Bow Mountains
to the west. The results indicate the presence of
several undiscovered kimberlite intrusives. The po-
tential for diamond discoveries in these areas is
considered high in that the geochemistry of all
kimberlites examined to date in the Laramie Moun-
tains suggest they originated within the diamond
stability field.

Four areas in particular stand out as highly
anomalous. These include the Eagle Rock (Happy
Jack-Pole Mountain) and Middle Sybille Creek
(Sheep Rock) areas, Grant Creek, and the Elmers
Rock preenstone belt (Figure 7) (Hausel and oth-
ers, 1997).

Eagle Rock area. In the Eagle Rock area, 35
stream sediment samples collected over 30 mi?
vielded pyrope garnet, chromian diopside, and/or
picroilmenite (Figure 20). Many of the samples lie
immediately downstream from beaver ponds. Dur-
ing aerial photo reconnaissance, a prominent circu-
lar structure (the Eagle Rock anomaly) was identified
along a north-northwesterly trending lineament
(Plate 3c¢). Field reconnaissance of the anomaly
identified a small topographic depression with an
associated vegetation anomaly similar to several of
the kimberlites in the State Line district (Figure
21). The anomaly is soil covered with no rocks
exposed on the surface. One pyrope garnet was
recovered from several pounds of soil collected dur-
ing follow-up sampling within the structure. To date,
the origin of the anomaly has not been determined.

Middle Sybille Creek area. Twenty to 25 miles
north of Eagle Rock is the Middle Sybille Creek area
near the central portion of the Laramie Mountains
(Figure 7). A single blow known as the Radichal
kimberlite, composed of hypabyssal facies kimberlite,
was found in this area (Hausel and others, 1981).
Stream sediment sampling nearby produced 32
anomalous samples which extend 5 miles upstream
from the kimberlite (Figure 22), suggesting the pres-
ence of several undiscovered kimberlites in the area.
Unverified reports have indicated that a few other
kimberlites have recently been found in this area.

Grant Creek. Samples collected in Grant Creek
northeast of Middle Sybilie Creek were also anoma-
lous. Twelve stream sediment samples collected
over a 1-mile distance vielded several pyrope gar-
nets, chromian diopsides, and/or picroilmenites (Fig-
ure 23). A short distance upstream, samples yielded
no indicators. This evidence suggests the presence
of a buried kimberlite nearby. In addition, pyrope
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garnets were also recovered from samples provided
to the Wyoming State Geological Survey by Bret
Boundy from the Deadhead gravel pit in the immnie-
diate area.

Elmers Rock greenstone bell. Stream sediment
samples collected in the Elmers Rock greenstone
belt north of Grant and Middle Sybille Creeks also
yvielded dozens of anomalous samples (Figure 24),
Some of the indicator minerals lie downstream from
a 0.5-mile diameter circular structure of unknown
origin. In addition, many other samples yielded
several kimberlitic indicator minerals, suggesting
] P the presence of nearby hidden kimberlites. A report
Figure 21. View of the Eagle Rock anomaly showingadistinct  of an unverified diamond from the Bluegrass Creek
topographic depression filled with water and high grass,  area of the Elmers Rock greenstone belt is also
surrounded by aspen trees. intriguing (Hausel, 1981).
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Within the Medicine Bow Mountains, kimberlitic

indicator minerals were recovered oo Libby Creek,
a short distance southwest of Barber Lake on the
sestion line hetween sections 28 and 29. T16N,
T N™Wigor - iy dicator minerals were also recovered
at the mouth of Camp Creek in the E/2 gection 10,
T15N, R79W (Hausel and others, 1988) (Figure
25). Pyrope garmets were also recovered in 1995
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Figure 24. Map of the Elmers Rock greenstone belt showing locations of anomatous samples (after Hausel and others,
1988, 1997).

paleoplacer along the nportheastern flank of the
Seminoe Mountains greenstone belt (Hausel, 1993a).
The source of the indicator minerals was not deter-
mined. In the same region, a circular depression

Seminoe Mouniains region. In the Seminoe Moun-
tains region north of the Medicine Bow Mountains,
eight pyrope garnets and four chromian diopsides
were recovered from a sample taken in a gold
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was identified by Woody Motten (personal commu-
nication, 1996) as a follow-up to the indicator min-
erals discovered by the Wyoming State Geological
Survey. Geophysical surveys over the structure
yielded a distinctive EM (electromagnetic) conduc-
tor and a weak magnetic anomaly. Modeling of the
geophysical data supports the presence of a pipe-
like structure at the site; however, no kimberlite or
lamproite was found (Hausel, personal field notes,
1986).

Umbrella gravel pit. To the west of the Medicine
Bow Mountains, a sample of alluvium collected by
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Bret Boundy {personal communication, 1985) from
the Umbrella gravel pit near Dixon, along the west-
ern {Jank of the Sierra Madre, yielded a few small
pyrope garnets.

Sage Creek Basin. In the Sage Creek Basin (sec-
tions 32 and 33, T17N, R38W) near the northern
edge of the Sierra Madre, a fingerunail-size diamond,
estimated to have been more than 3 caratsin weight,
was found several years ago. The octahedron was
verified by a gemologist and was found at the base of
some aspen trees (Ralph Platt, personal communi-
cation, 1997).



Fremont County

A diamond was reportedly found in the late
1800s in the Beaver placers of the South Pass-
Atlantic City mining gdistrict of the southern Wing
River Range (Hausel, 1991). The diamond was re-
portedly sold for $1000.

Laramie County

Laramie County includes a portion of the east-
ern flank of the Laramie Mountains which includes
the Iron Mountain kimberlite district (see Albany
County, page 25).

Iron Mountain district. About 45 miles north of
the State Line distnict, 57 kimberlite dikes and
blows were mapped in the Iron Mountain district by
Smith (1977). A few additional kirnberlites were
recently found by the author (personal field notes,
1997) and by Paul Graff and Gordon Marlatt (per-
sona) communication, 1998). This district is in the
northwestern corner of Laramie County (Figure 7).
Apparently only one kimberlite in this region was

EXPLANATION

STREAM SEDIMENT SAMPLE

tested by Cominco American Incorporated, and no
diamonds were found.

Peridotitic garnets recovered from the Iron
Mountain kimberlites are chemically equivalent to
G9 and G10 pyropes. The presence of G10 pyropes
suggests that the kimberlites originated within the
diamond stability field; however, iilmenite analyses
from the kimberlites show depletion in magnesium
and slight enrichment in chromium. Such depletion
and enrichment are thought to correlate with the
increased oxidation state of the kimberlite magma
and imply that diamond preservation was unlikely
(McCallum and Waldman, 1991). However, the il-
menite compositions from these kimberlites are
similar to the ilmenite compositions in the
kimberlites at Kelsey Lake where diamonds are
well preserved (Coopersmith and Schulze, 1996).
This suggests that the Iron Mountain district may
deserve further investigation.

Stream sediment samples in the area identified
kimberlitic indicator minerals: (1) associated with
known kimberlites, and (2) in drainages unrelated
to the known kimberlite occurrences (Kigure 26).
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Two of the samples are located north of the known
kimberlites and are separated from the intrusives
by a topographic high. Other anomalies in the area
include a group of topographic depressions west of
the kimberlites in sections 8, 9, 16, and 17, T19N,
RT1W. XM and magnetic profiles completed by the
Wyoming State Geological Survey over a few of the
depressions were inconclusive.

Sublette County

A diamond about one inch in diameter was
reporiedly ionnd @, ¥ oo Moure nea st Creek
wesy of Carrett Paakin the Wing Rivar i L The
diamond was later destroyed in a ranch fire (J.
David Love, personal communication, 1981).

Sweetwater County

Sweetwater County in southwestern Wyoming
contains one of the largest lamproite fields in the
world as well as an extensive kimberlitic indicator
minera) anomaly covering an area of 500 to 1000 rni?
(Figure 7). The anomaly extends westward into
adjoining Uinta County (see Uinta County, pg. 38)
and southward into northern Utah and northwest-
ern Colorado. This extensive anomaly suggests the
presence of numerous undiscovered pipes.

The Green River Basin 1s a Laramide basin
NI T PArT WD LACIS e ae seG e i s ey rock s ihdt
crop out in the basin’s center. The eastern edge of
the basin is bordered by a large anticline known as
thie Rock Springs uplift (Late Cretaceous-Paleocene
in age). The entire basin and Rock Springs uplift
appear to be underlain by basement rocks of the
Wynming ceaton and should he favorable for dia-
mond exploration.
pvaites of the Leucite Iillz lic north of
Rock Springs (Figizre 7). This volcanic field in-

m
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cludos sevaral 2.0 %o 1.7 M lamnraitgg that lia
Al "hern flacs of ihe Roc™ ™ "oy o0 Y
Dhl ape w..es show liia: the lampicites waitial -

erupted in the extreme northwastern portion of the
field and the eruptions progressed to the southeast
through time.

The rocks that form the Leucite Hills consist of
rare ultrapotassic mafic volcanic rocks known as
wyomingite (diopside-leucite-phlogopite Jamproite),
madupite (diopside-madupitic lamproite), orendite
(diopside-sanidine-phlogopite lamproite), and oliv-
ine orendite (olivine-sanidine-phlogupite lamproite).
Geochemically, these lavas range from 42.65 to
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56.34% Si0,, 2.52 to 12.66% K,0, and 5.8 to 12.75%
MgO.

Individual flows vary in thickness from less
than a foot to 122 feet and include vesicular lavas,
scoria, autolithic intrusive breccias. japilli tuffs,
tuff breccias, and agglomerates. Although vents
have been found in association with most flows,
vent facies breccias are inconspicuous at South Table
Mountain, North Table Mountain, Black Rock, and
Hatcher Mesa. Either these vents were removed by
erosion or they were buried by later flows (Ogden,
1979). Since it is not uncommon for lamproite flows
te bor vent facies lamwroites, | wthor suspects
that tl latter possibilitvis the more ikely of the two.

Petrographic studies show the Leucite Hills
lamproites to contain diopside, phlogopite, titanian-
potassium-richterite, leucite, sanidine, wadeite,
priderite, and/or olivine, with minor apatite,
perovskite, ilmenite, armalcolite, and spinel.
Kalsilite and primary analcite have also been iden-
tified in some lamproites. The typical kimberlitic
indicator minerals (pyrope garnet, chromian diop-
side, and picroilmenite), which are rare in lamproites,
have not been identified in the Leucite Hills
lamproites. However, a sediment sample collected
along the northern mavgin of Endlich Hill yielded
one pyrope garnet (W.D. Hausel, personal field notes,
1984).

According to Carmichael (1967, the Leucite
Fitils vors L sesl o simiiaricies to che pnlogopite
lamproites and olivine lamproites in Western Aus-
tralia and Murireesburo, Arkansas. In particular,
Carmichael (1967} noted similarities of tic: Lew:ite
Hills madupites to Arkansas olivine lamproites as
wen as to kimberiite, »nd suggested that the Tan-
ria Hille mav