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ABSTRACT

Diamondshave beerfioundin placers in Nott Americaderived from unknowsources.
Others were recovered from glacial deposits frdmtant land. The number of placer
diamonds found in North America indicatésat severalsource deposits would be
discovered.

Some discoveries initially led to adepments of small mines in Murfreesburo, Arkansas
(Prairie Creek) and the Colorad@/yoming State Line district (Kelsey Lake). However,
world-class diamond depositsave eluded the United States to date, but have now been
found in Canada that led that naih to becoming a major source of gegnality
diamonds over a very short periarf time Canada now ranks as the third largest
diamond producer of gewuality diamonds in the world, which followed the
development of theifirst mine (Ekati) in 1998 andecand mine (Diavik) a few years
later. A third mine was recentljedicated(Jericho) and two additisal mines are under
development all world-class depositsWith thousands of additional discoverjegher
diamond mines will be developed in the futofeCanada. The timing of this diamond
boom and rush occurred at a promising time, when major diamond mines in Africa,
Australia and Russia were showing declining production

Even though favorable Cratonic (Archon) basement rocks extend south of Canada under
large portions of the United States, essentially all meaningful exploration has been
confined to Canada over the past 25 years. Reports of hundreds of diamonds along with
hundreds of kimberlitic indicator mineral anomalies, kimberlites, lamproites,
lamproptyres and some distinct geophysical anomalies in thewd®]d leadone to
anticipate that exploration coulesult insignificant discoveries in the UShowever, the
political climate in the US remairegchaic at bestor exploration.

The favorable Crnic terrains in Canada that are host for some very impressive
diamondiferous kimberlitesloes not stop at the Canadian border but contiaue
southward into the Great Lakes region (Superior Provingedl into Wyoming and
Montana (Wyoming Province). One siieb anticipate that major swarms of mantle
derived intrusives continue southward into Montana, Wyoming, Colorifliichigan,
Wisconsin and Montanaand that this temrain could potentially become an important
source for diamonds in the futuré a scenario tht is unlikely unless there is
modernization of exploration regulations and removal of bureaucrats in government
agencies.
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This craton and cratonized margin has been intruded by widespread swarms of these
mantlederived magmas. The North American crawpredicted to become the principal
primary source of gem and industrial quality diamonds in the near future and for decades
to come.

This paper is ddicated to the memory of three wonderful friends and geolpdists
Dooley, Ray Harris and Robert Lyam. It is difficult to lose a friend so early in life, but
three in their primé

INTRODUCTION

There are many deposité diamond that aréound throughout the world: some are the
classical kimberliteand lamproitehosted deposits; others are placersvéerifrom the
erosion of these rocks, and still others are classified as unconventional and include a
whole variety of deposits, some of which may someday be found to host commercial
amounts of diamonds. Most notably are some lamprophyres. Still, the dSearch
commercial diamond deposits continues to focus on kimberlite and less often on
lamproite.

Commercial diamond deposits are extremely rare. In the richest primary mines, diamond
is found in concentrations considerably less than 1 ppm (Lampietti amdraad,
1978).Most primary diamond deposits are found within thermally stable Archean cratons
that have relativelyhick cratonic keels (termedrchons)and in cratonized Proterozoic
belts accreted tthe margins of thérchons(termedProtons), and uh the discovery of

many unconventionaldiamondiferoushost rocks in recent decagesnew exploration
philosophy is necessaryas some of thesehost rockshave significant numbers of
diamond(Hausel, 1996; Erlich and Hausel, 2002)the past, nconventioal host rocks

have only beewursory sampled or ignored by exploration groapd ittle effortis made

to evaluatethesedeposits(Erlich and Hausel, 2002FEven so, significant amounts of
diamond can be expected in some unconventional host rocks, iculzeartthose
associated with subduction tectonics (Erlic
2006), where one might expect significant organic carbon in diamond formation, as well
as stressed diamonds potentially producing higher percentages of vapiakle
diamonds.

The worl dés nat uareanbostlydninednromm asmall gmoup ofi ptingary

and secondary deposits that have operating lives of 10 to 30 years. A notable exception is
the South African Premier mine, the sourcencdd n'y o f dlangest gera didmadnals
including the 3,106 carat Cullinun, the largest ever recovered. The Premier mine operated
for more than 100 years. Another exceptiothesmarine placers along the western coast

of Africa, which have been productive for decades. Neall exploration companies
spend their efforts searching for wodthss diamond deposits and ignore smaller, yet
potentially productive minor deposits, such as those mined at Kelsey Lake, Colorado and
Murfreesburo, Arkansas. This archaic philosophy leds the door open to smaller
companies to search for small to medium size diamond deposits.

The top natural diamond producers in the wobldsed on total carats recovelgems
plus industrial stones) ar@®otswana, Russia, Canadaongo, South AfricaAustralia



and Angola (Hausel, 2006). Notably absent from this list is the US, even though large
parts of the United Stateme underlain bya cratonic basement terrasmitable for the
discovery of diamond. Canada, which became a major diamond produt@d8n will
remain in the forefront of diamond production and exploration for decades to come. Not
only is theCanadian Shielfiavorable for discovery of significant diamond deposits, but
the various Provincial and Territorial governmemovide exploraton and investment
incentivesunmatchedThere is a perceived negative business climate for explonation
the US that is supported bitle to no researctiunding As a result, nearly all North
American exploration activity and investméat diamonds ha®cused orCanada. This
philosophy has led to the discovery 8500 Canadiankimberlites and dozens of
unconventional host rocks over the p&astdecades- nearly half of which are
diamondiferous (Kjarsgaard and Levinson, 200l)ese discoveries are urtianately
restricted to political boundaries andntinuation of diamond discoveries to the south of
the Canadian border hasen almost nonexistent in the past decade due to gothic politics
on the state level.

Research
Grassroots exploration for dianmrmeposits in the United States is almost unheard of.
This is partially theresult of an archaic system of exploration regulatimmg lawsthat
favor a plethora of government agenciéise North American Craton represented bg
very old continental core that provides a favorablegeological environmenfor the
discovery of diamondslt is also the largest craton in the world with vastgions
availablefor diamond exploration (Figure 1). Thesatonic basement projects sotrbim
Canadainto the WyomingProvince and the Superio Province The older (>2.5 Ga)
region of the craton (known as Archons) have the highest potential for discovery of
commercial diamond deposits associated with kimberlie.nfore favorable terragtfor
diamond exploration in the & extend under Montana South and North Dakota,
Coloradoand Wyomingas well agnto the Great Lakes regiasf Michigan, Wisconsin
and MinnesotaEven with these favorabl@otrusionsof cratonic basement into the US,
the political climate has been lesathfavorable south of the bordéss an example,
investment in exploration and research in Wyomkrgvince i the most favorable
extension of théNorth Americancraton in te US amounted taonsiderably<0.01% of
investments in Canadever the past decade

Figure 1. The North American craton. The older
cratonic cores, referred to as Archons (>2.5 Ga), have
the highest potential for discovery of conventional
diamondiferous host rocks. The Proterozoic
basement terrains (<2.5 Ga; >1.6 Ga) referred to as
Protons, are thought to have moderate potential, and
o+ Tectons (<1.6 Ga; >0.6 Ga) have low potential (after
Janse, 1994).

A comparison ofthe research expenditures
invested by the State o¥Wyoming @bout
$100,000 over the past 10years to
exploration, reseach and capital investments
of Alberta ¢$70 million) and the Northwest
Territories (>$2.0 billion, it should be clear




that the State of Wyoming is undexplored(Table 1) and that the government has not
made a realistic commitment to search for diamandbe Wyoming craton. Even with

little to no support over the past few decadesWyeming Geological Surveilentified
hundreds of anomalieé anyone of which cald lead to a major discovery. These
included >300 kimberlitic indicator mineral anomaliesl00 vegetation anomalies
typical of those associated with many kimberlit@sd geological maps produceaf the

two largest kimberlite districts in the US and the largest lamproite field in North America
(Hausel and others, 1982003; Hausel, 2006)in the past few years, this trend of
funding has taken a turn for the worse (if that were possible) with no support from the
agencyo6s director and |l egislature.

Table 1. Comparison offinancial

investments for diamond
exploration and development
between Wyoning, Alberta, and
the NWT. Wyoming dramatically

falls short of having a serious
research  program to  find
commercial diamond deposits.
Much of the problem results from
a poor performance of directors
from the Wyoming Geological
Survey who have continued in
000000+ recent years to support personal
agenda and ignore projects of
merit that could generate jobs and
$1.800000000 7 considerable money for the state.

$1600000000 Many damond eploration
projects in Canada are well
$1400000000 funded and significant
discoveries havenow been
$1200000000 ijonig made in every provoce and
o territory. In contrast, little
$100000000 £ effort has been made by the
government in the United
$800000000 States in the search for
diamonds and other

$600,000000 gemstones.

S0 000000 £ South of the Canadian border,
detrital diamonds, hundreds of
200000000 £ kimberlitic indicator mineral
anomalies(KIMs), dozens of
$O_,l_ vegetation anomalies, circular

L —| . .
geomorphic and vegetation
anomalies, geophysical
anomalies, known kimberlites and the largest field of lamproites in North America have
been identified. Many diamonds and diatremes have been discovered througiomust va
regions of the US, both within the cratonic environments and also in unconventional




terrains (Hausel, 1996; 1998). Some of the more notable terrains in the US include the
Appalachian Uplift, the Arkansas Proton, Superior Province, the Wyoming Caatbn
the California Sierra Nevada and coastal mountain terrains.

Diamond Mineralogy & Geochemistry

Both gem and industrial diamosilave been created in the laboratory (Hazen, 1999), but
the value of synthetic gem diamanthlls short of natural gem diamonAnd some

natural diamonds represent the most valuable commodity on earth based on price per unit
weight (Hausel, 2006).

Native carbonoccursas one of three polymorphs: (1) diamond, (2) graplate (3)
lonsdaleite (Erlich and Hausel, 2002). The pbgidifferences between these eetated

to the bonds between carbon atoms. The crystalline cell of diamond approximates a cube
with sides of 3.58 andcoordination of carbon atoms in diamond is tetrahedral such that
each atom is held to four others byosig covalent bonds that results in the extreme
hardness, incompressibility and thermal conductivity associated with diamond.

In its simplestform diamond forms a cube. Even so, cubic habits are uncomamzh

when found, diamond cubes adharacteristidéy frosted industrial stones. Many
diamond cubes have been found in placer deposits in Brazil and a significant percentage
of the diamonds recovered from the Snap Lake kimberlites in Canada also have cubic
habit (Pokhilenko and others, 2003).more comma habitfor diamond is that of an
octahedron (Figure 2). Partial resorption of the octahedron can result in a rounded (12
sided) dodecahedron with rhombic faces. Many dodecahedrons develop ridges on the
rhombic faces to produce a -8#led crystal known asa trishexahedron. Fowided
tetrahedral diamonds are distorted octahedrons (Bruton, 1979; Orlov, 1976;
Shafranovsky, 1964).

A tetrahedron by definition is a fodiaced polyhedron in which each face forms a
triangle (Bates and Jacksat980) Twinning indiamond commonly follows the spinel
law to produce a flat triangular
macle.

Figure 2. A flawless 14.2carat
octahedron from the defunct Kelsey
Lake diamond mine, Colorado(photo
courtesy of Howard Coopersmith).

Diamonds recovered from
lamproites oftenexhibit resorbed
habits: octahedrons are typically
less common in lamproite than in
kimberlite. The many resorbed
diamond textures associated with
lamproite are a result of diamond
instability in relatively hot lamproitic magma as compared to kimbetiitparticular, the
slower rate of rise of lamproite magma through the graphite stability field, coupled with
high magmatic temperatures in an oxygeh environment provides conditions that




favor diamond resorption. Similar resorbed habits are found ny mi@monds recovered

from lamprophyres as well amany kimberlites that exhibit geochemical evidence of
eruption as an oxidizing magmaiamondiferous lamproiteslsotend to produce a large
percentage of industrial to gem diamonds aftdn many fancy ga diamonds.Some

fancy diamonds appear to be associated with deformation in diamond (such as the pink
diamonds) and are often found near subduction zones.

Industrial stones may be classified as bort (a poor grade diamond that is used as industrial
abrasivgé and carbonado (an opaque, black to grayish,-gnagned aggregate of
microscopic diamond, graphite, and amorphous carbon with or without accessory
minerals) (Erlich and Hausel, 2002). Evemough diamond is extremely hard and
resistant to compressior, is brittle and will break to yield a conchoidal to hackly
fracture along with smooth cleavage surfaces. Diamonds exhibit perfect cleavage in four
directions parallel to the octahedral faces: thus an octahedron can be fashioned from an
irregular shaped dmond simply by cleaving (Kukharenko, 1954; Orlov, 1977). Natural
diamonds contain tiny mineral inclusions along cleavage planes. These provide important
data on the origin of diamond and some inclusions can be used for age determinations.
The mineral inalsions typically form assemblages that are characteristic of peridotite or
eclogite. Some rare inclusions have been identified that are characteristic of very deep
mantle sources and interpreted as thiigh pressure diamonds that originated within the
lower mantle (Erlich and Hausel, 2002).

The specific gravity for diamond (3.516 to 3.525) is high enough that it will concentrate
in stream, river or marine placers withb | a ¢ kheasyamirgrals. This density is
surprisingly high given the fact that diamd is composed of such a light element
(carbon). Compared to graphite (2.2), diamond is twice as dense due to the close packing
of atoms from high pressures within the
erosion of many diamondiferous kimberlites Wyoming and Colorado led Hausel
(2004) toconcludethat placer diamonds are likely common within and surrounding the
ColoradeWyoming State Line district. Diamonds have been found in black sand
concentrates in at least three drainages in the distvienh though there has never been
any concerted effort to search fadacer diamonds. The largest diamond recovered from a
drainage in the district was a 6.2 carat stone found in Fish Creek in Wyoming (Howard
Coppersmith, personal communication).

Diamond las greasy to adamantine luster. The lustedissinctive anddue to the

mi n e thighl réfractive indexthis resultsn a gemstone of unparalleled beauty with
extraordinary fire. Diamonds also occur in a variety of colors from white to colorless,
gray toblack, and shades of yellow, red, pink, orange, green, blue, violet and brown.
Strongly colored diamonds are termed fancies and many have extraordinary drehuty
sell for premium prices. As an example, in 1989 a-84drét Argyle pink diamond sold

for US$1,510,000. More recently, a O-8&rat fancy purplisihed Argyle diamond sold

for nearly US$1 million. Thus, these diamonds are marousands of times more
valuable than an equivalent weight of gold.

The color in most gemstones is due to trace impardferansition metals. However, the
color in diamond is often caused by trace nitrogen, boron or structural defects. Pink
diamonds in particular, are thought to result from structural defects. Diamonds may be



red, pink, purple, orange, yellow, green, blwite, black, gray or brown. The most
common color is brown. Prior to the development of the Argyle mine in Australia in the
1980s, brown diamonds were considered unattractive and typically classified as industrial
stones. But due to Australian marketisategies, some brown stones are now highly
prized gems. Lighter brown diamonds are quite variable and have color tones that range
from very light brown, light (champagne) brown, medium brown, dark brown to very
dark brown. Color saturation is also véteresulting in bright brown and dark (cognac)
brown colors. In particular, champagne and cognac gem diamonds are in high demand
due to marketing.

Pink, red and purple diamonds are narth the colorsconcentrated in tiny lamellae in an
otherwise colodss diamond (Harlow, 1998). The color lamellae are interptetée a

result of micredeformation possibly resulting from stresses applied to diamond while
crystallizing within an active subduction zone. AreasNorth America, such as the
Sierra Nevada foCalifornia, the State Line district aColoradeWyoming, and the
Cordillera of British Columbia may be good targets to searckafary diamonds due to

the presence of activaepaleasubduction At any rate, pure pink diamonds are extremely
rare. Most geen diamonds have a thin surface coating that is removed during faceting
thus natural faceted green diamonds are rare. The green color results from natural
irradiation, while others may result from the presence of hydrogen. The rarest color is
orange, fo which the coloring agent has yet to be identified in diamond. The range of
tones inorange is quite variable in lightness and saturation resulting in pale orange,
bright orange, dull orange and deep orange. One of the most exquisite colors for all
orangediamonds is a pumpkin orange.

Black diamonds result from the presence of graphite inclusions, which not only color
diamond, but also make the diamond an electrical conductor. Individual colors can vary
from pale charcoal black, dull ink black, to brightin metal black, all with weak
saturation. Gray diamonds are hydrogen rich and their color is related to light absorption
by hydrogen defects. Opalescent or fancy milky white diamonds are the result of
numerous mineral inclusions (and possibly nitrogdeats) (Harlow, 1998).

Diamond s high i nde 24195 fis arrestltr i density igh density
diminishes light velocity77,000 mi/sec in diamond) less than hathe velocity of light

in a vacuum (Harlow, 1998). Diamonds are four times asnéiky conductive (5 to 25
watts/cm{C) as copper at room temperature. Unlike copper, diamond is also an electrical
insulator (0 to 100 ohm/cm at 3W). Because of its high thermal conductivity, diamond
feels cool and the gem will conduct heat away flmme bps, which is why diamonds
are sometimes referred to &isi ¢ é¢landheld damond detectors are designed to
measureits unique thermal conductivity. Diamonds are relatively unaffected by heat
except at high temperature. Without the presence of oxyly@mond will transform to
graphite residue at 1900°C. When heated in oxygen, diamond will burnatGuch
lower temperatures>690°C). Diamonds are unaffected by acids.

Diamonds repel water and are hydrophobic {n@table) and attract grease. Evkaugh

they are 3.5 times heavier than water, diamonds can be induced to float. Oxygen atoms in
water and in a given material tend to liakd thus \ater will adhere to materials that
contain oxygen making them wetable, but diamond contains no oxygenoddylons



such as grease have affinities for material without oxygen. This property is used
effectively in grease tables, where tables are coated with grease to attracttable
diamonds, while wetable oxygdiearing minerals tend to wash over greasgegl (Erlich

and Hausel, 2002).

GEMOLOGY

There are four general types of commercial natural diamondge(djwell-crystallized,
transparent, flawless to nearly flawless), §@)t, (3) ballas (spherical aggregates formed
by many small diamonds), and @grbonado(opaque, black to gray, tough and compact
industrial diamond). Gem diamonds may be further subdividedgetoand neargem
(lower-quality gemstones).

Rough gem diamonds have values as much as 10 to 100 times greater than industrial
diamonds. @m diamonds, when cut and polished| ¥gtch valuess- to 100 times that

of the rough stone particularly when they digplayedin jewelry. The extrem value of
diamond as a gens due to its mystique, rarity, extreme hardness, prepardteauty,

high refractive index and dispersion that produce brilliant facgéds with distinctive

dired

Top cutters in the world produce beautiful gems from rough material and may require
considerable pragmatic crystallographic research to determine locatioleasfage,
fractures, pits, curves, protrusions, inclusions, and color inconsisteScde®e of the

more valuable diamonds have been studied and mapped by cutters as much as a year
prior to faceting. Since 1981, lasers, and since 1988, computer modelirsgamdng,

have become an integral part of diamond fashioning. A rough diamond can now be
modeled with a computer and scanner to determieeoptimum faceted stone using
virtual 3D modes to display positions of mineral inclusions and virtual saw planes.

The size and shape of rough diamond, the number and location of imperfections and

inclusions, and the direction of <clredavage

prior to creating a gem. In the past, maagge diamondsvere preshaped by clving.
The cuter selectedhe octahedral cleavad® cuttinga small groove in the octahedral
plane with a sharedged diamond chjmnda steel knifewas placed in the groove and
struck to create enough force to cleave the stone (laser kerfingonaye used to mark
a notch that is burned into the stone).

If the cleavage ws improperly identified, the diamond sha#@rinto pieces
Conventional primary shaping is done by cutting the stone with a diamondrséve
past,diamondis either cut paralleto the cube or to the dodecahedron with a rapidly
rotating blade impregnated with diamond powder. Because of hardnéssk # to 8
hours to complete a cut through acdrat diamond of only 6 to 8 mm in diameter
(Hurlbut and Switzer, 1979)With the useof lasers, thiprocessequires less timéNith

the desired cut preprogrammed in a compuatetatform moves the diamond through the
laser. At the point where the beam is focused, the temperature is extremely high and the
molecular structure of diamonsl convertedo graphite on the first passh& graphite is

then "burned off" on the return pass. Diamond combustion occurs 4 680B75C.
Representative cutting time using a laser would be approximately eight hours for a 10
carat crystal (Baker, 1981)



Faceting is completed by grinding and polishing the diamond on a revolving horizontal
lap impregnated with diamond powder. In a standard, round, brilliant diamond, as many
as 58 facetarecut and polished. The optimum directions for conventional palisare
parallel to the crystallographic axes. Because the cubic faces of the diamond are parallel
to axes, they are easiest to poligihose that lie nearly parallel to an optic axis are more
favorable to polish because of lower hardness.

The octahedralace is the hardest andiamondandlies at the greatest angle from the
crystallographic axidf the plane of the cut or facet varies more than a few degrees from
a cubic faceit is nearly impossible to savn this case, a laser is necessary to produce
cuts and facets.

Tiny inclusions of diamond may be scattered within a host diamond. With conventional
methods, the diamond inclusions must be avoided during sawing since vibrations
produced wheia blade contacts the included diamond canse the host tehatter. i the

stone does not shatter, the cutting time may increase 2 to 3 times and extend cutting many
days or even weeks. With laser technology, this problem is resolved and may take only a
matter of hoursA laser also includes the ability to produtew fancy shapes that were

not formerly possible, such as hotseads, oil wells, stars, butterflies, initials, etc. Many
diamondswith distorted growth, such as twinning, were virtually impossible to cut by
conventional means becausectdavagechangesHowever, these stones caaw be cut

by laser without regartb grain (Baker, 1981).

The finished gem is judged liyf o u B cug slarity, carat weight and color. The cut of

a diamond can increase its value enormoustiie better proportioned, polishetda
faceted, the greater the value of the finished st@vigh diamonds of similar quality,

those of greater size can dramatically increase in value with increased carat weight. When
the girdle (base) and table of the diamond are correctly proportionediathend will

exhibit greater fire and brilliance. Gem diamonds include fancy (colored) and white
(colorless) stones. Colorless diamonds range from colorless (white) andtbtaeto

pale yellow (Bruton, 1978). One of the more common systems for evgukéimonds is

that of the Gemological Institute of Amesidd s ( GI A) col or rangesdi ng
from D (colorless) to X (light yellow). Each letter of the alphabet from D to X shows a
slight increase in yellow tinge (Hurlbut and Switzer, 1979).

A visual appraisal iglonein a weltlighted room using raral north window light.
Appraisals compare the stone to a master set of instregressed diamonds. The
instrument used in color grading is a colorimeter, which quantitatively measures the
degree of gllowness (Hurlbut and Switzer, 1979). Clarity is determined by the presence
or absence of blemishes, flaws and inclusions. Many grading systems in use have
descriptive terms such as flawless (F)or imperfect (I) and terms that denote intermediate
grades sch as very slightly imperfect (VSI).

Economic Value

Diamond deposits can providggnificant economic boosts tocal economy and even
national economies. Mangiamond mines host from $500 million to $75 billion in raw
stones. Rouglgemdiamonds may bealued at only $5@0 as much as $400 per carat.

Sy



Faceted stones are typically valued at 10 to as much as 100 times the raw stone
depending on the placentenf the stone in jewelry. @mond mines typically have lives
of a decadé¢o 100 years.

The recent disoveries of commercial depositsandnear the arctic north in Canada have
resulted in dramatic costs for capitalization of mines. Additionally, spring and summer
thaw of the ice roads for mine supplies result in increasesst of mining, asgnuch of

the materials and fuébr the mines have to be flown in at a very high cost. The discovery
of commercial diamond deposits further south in Alberta, Montana and Wyoming could
provide more favorable capitalizatiorstartups due to the presence aofiore favorake
infrastructure.

GEOLOGY
Commercial amounts of diamond have only been found in rare magmatic rocks
(kimberlite and lamproiteandin placers presumably derived from these igneous rocks.
Even so, diamonds have been identified in other igneous rock tiypeslkali basalts,
lamprophyres, ultramafics, et@nd in some ultrehigh pressure metamorphic rocks
(Hausel 1996; Erlich and Hausel, 200Ryimary commercial diamond deposit® far
have been restricted to ancient stabilized cratons and cratonizgthsnthat include
Archons (cratons of Archean age) and Protons (cratonized belts of Early to Middle
Proterozoic age). Nearly all modern exploration ventures focusa aearch for
diamondiferous kimberlite in cratonic terrains.

Primary magmatic diamondegosits are limited to a few rock types that originally
formed under extreme pressure and temperature at great depth beneath the lithosphere.
The most notable magmatic diamond deposits are associated with kimberlite, lamproite
and some lamprophyres. Maniohondiferous kimberlites, lamproites and lamprophyres
tend to occur in small or large clusters of a few to more than 100. The clusters can be
related todistinct structural control. & a result, more than one intrusive is often found
along the same fraat® or orientation, or along parallel or cross fractures. Several
favorablestructural orientations are typically recognized within a given districthaost
individual structures responsible ftre control of the diamond deposits typicallyave

very limited strike lengths. Larger, more distinct structures may occur near some districts
and may in some waybe relatedto kimberlite emplacemerdr a more regional scale
(Hausel and other4979)

Detailed mapping of smaller linear structures responsible rfentation of kimberlites

may lead to discovery of additional hidden to poorly exposed kimberlite (Hausel and
others, 1979; 1981; 2000). The emplacement of kimberlite in the Iron Mountain district
of Wyoming is thought to have an association with the nye@teyenne Belt suture zone
(Hausel and others, 2003). This suture is interpreted to represent éBpalef zone
marking the break between the Wyoming (>2.5 Ga) Province to the north, from the
Colorado (1.81.6 Ga) Province to the south (R.S. Housteersonal communication,
1996). The suture lies 6 nji0 km) north of the known kimberlites at Iron Mountain
while the Iron Mountain kimberlites tend to occur along fractures that parallel the
projected suture. However, 60 miles further south, kimberliteheo State Line district
show primarily nortinorthwesterly trends with some easst crosdrends but no
evidence of control by major structures (Hausel and others, 1981).



Ki mberlite magmas tend to erupt Thasserupi at r e me
with considerable latent energy ejecting pyroclastic materialthecair (referred to as

craterfacies kimberlite) and disrupting and incorporating blocks of country rock to

produce a volcaniclastic rock (Figure 3). The resulting breccia, edféor as diatreme

facies kimberlite, exhibits fragments of kimberlite along with crustal xenoliths and

cognate mantle nodules within a serpentinized peridotite m&tmmberlite diatremes

typically exhibit more than one episode of magma intrusion ancd sfiggest several

episodes of intrusion within the same pipe as well as within the same district. For

instance sixdifferent kimberlite facies were mapped within the Sloan 1 and 2 kimberlite

complex in Colorado (McCallum and Mabarak, 1976).

Diatremesare vertical pipes that taper at depth to steapbline cylindrical bodiesthat
grade into a root zone and dike complé&ke average angle of wall inclination at the
Wesselton, DeBeers, Kimberley and Dutoitspan pipes in South Africa is 82° to 85°.
Ideally, suchpipes form circular or ellipsoidal cross sections in the horizontal plane filled
with kimberlitic tuff or tuffbreccia. In a vertical plane, the ideal cresstion is carret
shaped. Most pipes taper from the surface to depths of 0.6nie2(1-3.2 km) where
they pinch to narrow root zones that originate from a feeder dike beneath the root
(Kennedy and Nordlie, 1968At the feeder dike, the kimberlite is massive pagrjift
(root-zone or hypabyssdécies) peridotite rather than a brecciie pophyry typically
hasconsiderable olivine or serpentinized olivine phenocrysts with minor pyroxene in a
fine-grained serpentine matrix typical of peridotite.

EPICLASTICS
PYROCLASTICS

Figure 3. Crosssection of kimberlite pipe showing different
facies and the characteristic carashaped diatreme (after
Mitchell, 1986).

Diamondiferous kimberlite was initially identified in
1870 at the Jagersfontein and Dutoitspan pipes in South
Africa. The diamonds weréound in deeplyweathered,
oxidized kimberlite (referred to asy el | o w) thgtr ound 6
graded intoéss intensely weathered kimberlite (referred
to as 0 b I. The blger gnpound dddrined of
carbonated montmorillonite clay with scattered rounded
country rock boulders and mantle nodules. As the
kimberlite was mined to greater depthhard,
serpentinized rock was intersected. H.C. Lewis
introduced the termif ki mb e rinl i188¢ ofor
diamondiferous rock at the type locality near Kimberley,
South Africa that was defined as a porphyritic rbearing peridotite.

The magma temperatud kimberlite is hot at depth, but at the point of eruption is
strikingly cool. Watson (1967) suggested an emplacement temperature of <1100°F
(<600°C) was necessary to produce coking effects on coal intruded by kimberlite. A
much lower temperature of emplacent is supported by the absence of visible thermal
effects on country rock adjacent to most kimberlite contacts. Davidson (1967) suggests
that the temperature of emplacement may be as low as 390°F based on the retention of



argon. Hughes (1982) argues thatrsurface temperatures of the gdmrged kimberlite
melt may be as low as 32{B°C) owing to the adiabatic expansion of £@as duing
eruption at the surface arsipports that emplacement velocity of gasses and magma
which produced the diatreme begs and crater facies pyroclastics at the surface could
have been as high as Mack2382 mph))

Lamproite, another host for diamond, became of major interest following the discovery of
a worldclass diamond deposit in olivine lamproite in the Kimberegion of Western
Australia in 1979. This discovery led to the development of the Argyle mine. Several
other diamondiferous lamproites have bedascribedin Australia, Canada, Zambia,
lvory Coast, India, Russia and the United Stafibtchell and Bergman,1991).
Lamproitesare known in more than 25 provinces or fields in the world (Mitchell and
Bergman, 1991; Coopersmith and others, 2003). Altered diamondiferous leucite
lamproite had been described as early as 1967 near Seguela, lvory Coast (Dawson, 1967).
More than a century earlier (in 1827), diamonds had Weend in the Majhgawan
lamproite in India. Diamonds had also been identified in the Prairie Creek lamproite in
Arkansas as early as 1906 (Sesithith, 1986, 1989).

Olivine lamproitestypically yield higher ore grades than leucite lamproites. But for the
most partJamproiteshavevery low ore grades such as the Mahjgawan olivine lamproite
(1.14 Ga) (10cphi and the Prairie Creek olivine lamproite (&@h) (cpht=carats per
hundred tonnes)rhe Zha@yuan lamproites of the Yangtze craton, China, grade at only 25
cpht (Mitchell and Bergman, 1991). However, there is wagy notableexception- the
extraordinarily rich Argyle olivine lamproite that yielded some bulk samples as high as
2,000cpht (caratper hundred tonek)

The pipe morphology of lamproite contrasts with typical kimberlite. Instead of pipes with
steep walls that slowly diminish in width with increasing depth, lamproites are
characterized by champagne glakaped vents filled by tuffaces rocks &ien with
massive volcanic rockn the core. Many lamproites form distinct cinder cones, flows,
and/or maatike volcanoes (Mitchell and Bergman, 1991t)is important to note that
there is agualitative correlation between diamond and olivindamproite This is seen
most everywhere anslipported by the Ellendale and Kapamba districts, where diamond
grades are consistently higher in olivine lamproites compared to leucite lamproites.

Because of a relatively slow magma ascent, rdi@monds inlamproite often show a
variety of morphtogies suggestive of resorption aladge diamonds are uncommon. At
Argyle, for instance, more than 60% of theaeered diamonds were irregulsinape

and included macles, polycrystalline forms and rounded dodedadres (Shigley and
others, 2001). Some diamonds also exhibit ewideof shearing or deformationreo
grades are essentially restricted to preserved pyroclastics in a given vent where magma
temperatures declined rapidly following eruption (S&tiith, 198). A potential for
substantial ore tonnage exists where there is flaring of the vent. This is well illustrated at
the Argyle lamproite in Australia.

Argyle Lamproite . At Argyle (AK1), early reserve estimates of 94 million tons of ore at
an average gradd 750cphtled to its classification as a wortdass depositAt the end
of 2004, the reserves at the AK1 pipe were reported at 136.5 million tonnes (290 cpht)



and resources at 160.4 million tonnes (270 cpht). Considerable numbers of diamond were
found n the adjacent Smoke Creek drainage where mining begdlovial materialiin

1983, and the adjacent open pit operation being later commissioned in 1985. The open pit
operations are expected to end in 2008 with mining progressing underground for another
decade.

Many fahilous gemstones were recovered from Argylet a large portion of the

diamonds were graphitized and/or partially resorbed, while the lasgmstereddiamond

weighedonly 42.6 caratsOverall, theaverage size of the diamonaise<0.1 caat. Even

s o, at one point, ArgylDédofanmealwopd ddsc tpir @
>670 million carats recovered since mine operations began

Most lamproitederived diamonds are relatively small and many exHibit a rtaioys.6
Overall, dianonds from Argyle and Ellendale arelatively small Macrodiamonds (>1

mm) from Ellendale are dominantly yellow dodecahedra, whereas microdiamonds (<1
mm) are colorless to paleown, frosted, unresorbed stigyered octahedra. The Argyle
diamonds are mdly irregularly shaped, fractured, strongly resorbed dodecahedra or
combinations of octahedra and dodecahedra. AlImost 80% of Argyle diamonds are brown
and many of the remaining 20% are yellow to colorless. Significant, but rare, are the
econonically important pink diamonds of which Argyle has accounted for more than
90% of tapi whsddobs

A variety of lamprophyres have similarities to kimberlite and lamproite. Some of the
lamprophyres have yielded diamond and these potassic rocks are becomingeofagieat
greater interest for diamonds. Erlich and Hausel (2002) predicted that some lamprophyres
would most likely be found that contain commercial amounts of diamond. With greater
and greater interest in diamondiferous rocks, a large number of diamoundifero
lamprophyres are now being found particularly in Canada.

GENESIS
The majority of diamonds are interpreted to represent xenocrysts derived from
disaggregation of mantle fragments trapped within a magma. Kimberlites and some
lamprophyres will sometimescontain rounded diamondiferous hasygkecimen to
bouldersize nodules of peridotite (garnet and chromite harzburgites and less commonly
Iherzolites) and eclogites. These are residual fragments of the mantle that were sampled
by the kimberlitic, lamproitcmd | ampr ophyri c magmas. During
surface, many of the nodules were disaggregated and if diamonds were present, the
diamonds and kimberlitic indicator mineral content were scattered throughout the hybrid
magma, although many mantledubes survive in tact. Some diamondiferous eclogite
nodules recovered from kimberlite have been very diarnmidyielding ore grades as
high as 20,000 to 30,000 carats/tonne. Some diamondiferous peridotite nodules have
yielded grades 2 to 4 orders of mégde lower than the richest eclogites, or a much as 3
orders of magnitude greater than host kimberlite ores. Bulk samples of kimberlite and
lamproite range from 15 to 2000 carats/100 tonne.

Peridotite is thought to be the most common rock type in tiperumantle in cratonic
keels, and pyrope garnets derived from disaggregation and also from intact
diamondiferous peridotites often have unique geochemistry. Many of these pyropes (one



of the suite of kimberlitic indicator minerals used in searching forbkitite) are
designated as G10 that have chemical affinities for subcalcic harzburgite with relatively
low Ca/Cr ratios compared to Iherzolitic pyropes (Gurney, 1989). Calcic ctiiome
pyrope garnets designated as G9 have affinity for lherzolite. Litermsothought to have
much less potential for diamond. Even so, some Iherzolites are diamondiferous!

Eclogite occurs as nodules in kimberlite and is interpreted to represent xenoliths
unrelated to kimberlite. They are assumed to either be cumulatesneft geeridotite
melts or subducted oceanic crust. Mantle garnets of eclogitic parageagsihéen
designated as either Group | or Group Il. Diamondiferous eclogites belong to Group |
which contain almandinpy r ope wi t JO, l@Oeves7oCiON @&0.05 wt.%
Cr,03) and CaO in the range of 3.5 to 20 wt.%. Group Il eclogitic pyropes ha0&%0
Na&O. Low-Cr garnets with less than 3.5% CaO are probably derived from crustal rocks
(Helmstaedt, 1993).

Many diamonds in kimberlite and lamproite form at depth within the diarstatality

field defined by a unique set of high P and T within the eah6s | i thosphere
convecting uppermost portion of the mantle). The top of this zone corresponds to graphite
transition to diamond: the bottom corresponds to the maximum thickness of the
lithosphere. Graphite transforms to diamond at a depth of 995aniles (45 to 55 kbar)

and 1926219C°F within cratonic keels.

There is also a very minor contribution of diamond from-lghlospheric depths within

the convecting portion of the mantle to depths of 420 miles. Thesehigtrgpressure

diamonds are tasport ed t o t he |l ithosphere by cCo
asthenosphere and contain mineral inclusions suggestive of very high pressure and
temperature (Erlich and Hausel, 2002). Such itgh pressure diamonds contain

mineral inclusions that suppoderivation at depths of >185 miles where garnet and

pyroxene are unstable and transform to stablecaidic, highchrome majorite garnet

(Stachel and others, 2005).

Other diamond deposits have been recognized that do not fit traditional models. These
unconventional deposits include rare metamorphics, meteorites, lamprophyres, peridotites
and eclogites (Hausel, 1997; Erlich and Hausel, 2002). Unconventional deposits would
also include those formed above Benioff zones where diamond is postulated to form in
cold subducting slabs along some continental margins. Some research has postulated that
such diamondiferous slabs may be generated at depths of only 50 to 56 miles (22 to 25
kbar) and 39¢75C°F.

Some interesting unconventional source rocks include Archeaks of komatiite
affinity. One komatiite in South America is described as a diamondiferous lamprophyre
of komatiitic affinity. Ayer and Wyman (2003) suggest the South American rocks
originated at only 50 miles deptBimilar hosts are under investigati in an Archean
greenstone belt in the Wawa area, Ontario, Canada (Ayer and Wyman, 2003; Kaminsky
and others, 2003). Another similar diamond occurremas discovered in volcaniclastic
komatiite in the Dachine region of the Inini greenstone belt of thgata shield of
French Guyana (Capdevila and others, 1999). This komatiite was suggested by Capdevila
and others (1999) to have originated at depths of >155 miles. Bulk samples of the rock



yielded <1 to 35 diamonds/pound. Using a-afitsize of 1 mm, sampl grades varied

from 0.06 to 10.48 carats/100 tonnes. The largest stones ranged from 1.7 to 2.36 mm
across. Colors varied from white to light brown and rarely greenish/yellow and were
translucent to transparent but often masked by large quantities ofiamdu The
dominant shapes are irregular with few cubic and octahedral stones. The diamonds are for
the most part intensely resorbed (press release, 10/12/2000, Global Infomine website).

Indicator minerals associated with komatiites are rare, and arstiaigerestricted to
Mg-Cr garnets and chromite. The garnet population is characteristic of lherzolite with
some subcalcic harzburgitic (G10) pyrope and eclogitic garnet. Other kimberlitic
indicator minerals (Mdlmenite, chromian diopside, and perovskiiee absent. Chromite
cores are poorer in Ti and richer in Mn that those typically associated with kimberlite and
lamproite. These are similar to spinels found in similar rocks in other greenstone belts.

When found, the komatiites are highly altered &mh finely foliated albitecarbonate
chloritetalc schists, actinolitehlorite schists, and primary volcanic textures are
preserved in some outcrops. Concentrations of immobile elements are very low similar to
other komatiites, yet distinct from kimbedi and lamproite. It is thought that the
komatiite formed by melting of a hot, deep, mantle source, and that the diamonds were
transported as xenocrysts from depths >95 miles. Capdevila and others (1999) suggest a
depth of genesis for the Alepleted magmat >160 miles.

In one test, samples collected from 8 outcrops at Wawa Ontario, Canada yielded 231
diamonds. The diamonds were found in a narrow 3 to 30 foot wide actnokite
ultramafic dike crosscutting metasedimentary and metavolcanic rocks @&easgyne

belt. In another sample 363 pounds of rock were taken from a road cut along the Trans
Canada Highway north of Wawa and yielded 95 diamonds. The samples suggest an
average grade of 25 carats/100 tonnes, potentially within limits of a commeraisitdep
depending on the size and clarity of the stones!

Diamonds were also discovered in 2.67 Ga lamprophyres in the Michioicoten and Abitibi
greenstone belts. These apparently represent the oldest known primary host rocks for
diamonds. They were intrudddte in the evolution of the greenstone belts and the
chemistry of the lamprophyres suggest that the diamonds originated from spinel
Iherzolite mantle at depths of less than <50 miles, whereas the diamond stability field is
interpreted to lie at >95 mile$he probable absence of a thick cratonic root beneath the
Michioicoten, Abitibi and Wawa greenstone belts at the time of eruption indicates a
variant of a subduction diamond model applied to Phanerozoic terrain in southeastern
Australia may be appropriat®lost likely these diamonds formed at relatively shallow
depths 48 miles in a subduction zone and were generated in -gerfgyerature
environment located in a subducted or underplated oceaungt (Ayre and Wyman
2003). These are notable discoveriesesimost greenstone belts in the world have thin to
thick successions of komatiites and very few have been sampled for diamond.

EXPLORATION METHODS
In diamond exploration, a region is selected that may have good potential for the
discovery of commercial dmaond deposits based on the tectonics as well as the basement
terrain. Since kimberlite and lamproite have been important sources for diamond, most



prospecting has focused on finding these types of rocks. Typically, Archons have high
priority. In these re@ins, areas are examined by aerial photography for vegetation and
topographic anomalies that might be indicative of kimberlite as well as detailed INPUT
airborne geophysical surveys. This data is examined along with stream sediment
sampling designed to finkimberlitic indicator mineral anomalies (chromian diopside,
pyrope garnet, picroilmenite, diamond and chromite). Once anomalies are identified,
additional surveys are conducted to find the source of the indicator minerals and to
investigate any aerial ptmanomalies.

Airborne geophysical surveys are typically flown over regions where kimberlites have
been found, or where distinct indicator mineral anomalies have been identified. INPUT
surveys (combined EM and magnetics) are used to focus on geophgsitelli@s and to
search f or -eyei anamaliesc Thesb arormalies may be drilled. Once a
kimberlite, lamproite or lamprophyre is discovered, structural mapping and aerial photo
mapping may reveal controlling structures which can lead to the diycolvadditional
kimberlite pipes. In glaciated areas, mapping of tills and pglecer trends are
necessary, and some mapping of palennages will also be necessary in other-non
glaciated regions. Additional information on exploration techniquesfosddmberlite is
presented by Erlich and Hausel (2002).

Cost figures for annual diamond exploration amounts to tens of millions of dollars.
Regional circumstances will dictate which exploration method will need to be used;
however, when an explorationrqgram is initiated, priority is given to areas of
favorability for finding o6traditional 6 di
diamondiferous kimberlites are considered to be restricted to cratonic regions that have
been relatively stable fombout 1.5 Ga. Janse (1984, 1994) suggested that cratons be
separated into areas of favorability known as Archons, Protons and Tectons. This
method for outlining regions of favorability provides an excellent first option priority list.

Archons are consated to have high potential for discovery of commercial diamond
deposits hosted by kimberlite and possibly by lamproite and lamprophyre. Proterons
(Early to Middle Proterozoic [218.6 Ga]) have moderate potential for commercial
diamond deposits in kimbée and high potential for commercial diamond deposits in
lamproite and possibly lamprophyre. Tectons (Late Proterozoic [1i660BaMa]
basement terrains) are considered to have low potential for commercial diamondiferous
host rock. Unconventional diamondeposits (such as higiressure metamorphic
complexes, astroblemes, subductiefated complexes and volcaniclastics) may occur in
tectonically active terrains, but the methods for exploration for these, are not well
defined.

Following selection of a faxrable terrain, topographic and geological maps, aerial and
satellite imagery, and aerial geophysical data are examined. Unusual circular depressions,
circular drainage patterns, noteworthy structural trends and vegetation anomalies are
noted. Geophysicssiused to search for distinct conductors and magnetic anomalies.
Geochemical data are examined for Cr, Ni, Mg, and Nb anomalies (Hausel and others,
1979).

Stream sediment samplin@ne of the primary methods used in diamond exploration is

amga



stream sedimens amp !l i ng progr ams designed t o sear
mi neral sé (pyrope garnet, chromian diopsi de,
spinel, and of course diamond). Diamond targets are small and may range from diatremes

of several acreso narrow dikes and sills. Diamotimbaring kimberlites and lamproites

typically contain abundant soft serpentine with resistant maetleed xenocrysts and

xenoliths. The serpentine matrix tends to decompose releasing distinct -cexité

O0ki mkxerilnidtiicat or mineralsdé into the surround
may be carried downstream for hundreds of yards, or a few or many miles depending on

the climatic and geomorphic history of the region. Diamonds however, are thought to be

carried considerable distancesn some cases, hundreds of miles. The indicator minerals

may provide a trail leading back to the source.

In the planning stages of strea®diment sampling, proposed sample sites are initially
marked in prominent drainages artopographic map using a sample spacing designed to
take advantage of the region. In arid regions, sample spacing should take advantage of
relatively short transport distances of the indicator minerals. In subarctic to arctic areas
(i.e., Canada, SwedeRussia, etc) sample density may be considerably lower owing to
the greater transport distance and the logistical difficulties of collecting samples.
Anomalous areas are thengampled at a greater sample density.

The traditional kimberlitic indicatominerals are rare to negxistent in lamproite, thus
other minerals (zircon, phlogopite;tichterite, armalcolite, priderite) may be considered
that unfortunately have low specific gravity, paesistance, and are potentially difficult

to identify. Thebetter indicators for diamondiferous lamproite have been diamond and
magnesiochromite.

To take advantage of the dispersion of kimberlitic indicator minerals, the size of samples
are determined based on the environment. For example, where there ésa Igek of

active streams, much larger samples are taken compared to regions with active drainages.
In areas with juvenile streams, samples are often panned on site to recover a few pounds
of sample concentrates. Recovered indicator minerals are festeltemistry using an
electron microprobe to identify those that have higher probability of originating from the
diamond stability field. The data are plotted on maps to facilitate evaluation.

GeomorphologyKimberlite and olivine lamproite are oftereqvasively serpentinized,
making outcrops the exception rather than the rule. In many cases, geomorphic
expressions of pipes are subtle to unrecognizable. The Kimberley pipe in South Africa
was expressed as a slight mound, but nearby pipes (i.e., Wegsipkd were expressed

as subtle depressions. Others produced subtle modifications of drainage patterns
(Mannard, 1968). In the subarctic, where glaciation has scoured the landscape, some
kimberlites produce noticeable depressions filled by lakes. Indaheaid region of
Wyoming and Colorado, a few kimberlites are expressed as slight depressions, but most
blend into the surrounding topography and may or may not have a subtle vegetation
anomaly.

In the Ellendale field, Western Australia, serpentinizec&mdindiferous olivine
lamproites lie hidden under a thin layer of soil in a field of veglbosed leucite lamproite
volcanoes. The Argyle lamproite and diamondiferous lamproites in the Murfreesburo



area of Arkansas were also hidden by a thin soil coverer&ekimberlites in the
ColoradeWyoming region, exhibit, slight depressions with distinct vegetation anomalies.

Lineaments Many kimberlites and lamproites are structurally controlled (Hausel and
others 1979; 1981; Erlich and Hausel, 2002). Controllingaiments and fractures may

be indicated by alignment of a cluster of intrusives or by the elongation of a pipe. In
Lesotho, South Africa, Dempster and Richard (1973) reported a close association of
kimberlite with lineaments: 96% of kimberlites were foualdng WNW trends, and
many pipes were located where the WNW trends intersected WSW fractures.

Lamproites in the Leucite Hills, Wyoming are found on the flank of the Rock Springs
uplift where distinct EW fractures lie perpendicular to the axis of théfufHausel and

others, 1995). In the West Kimberley province of Western Australia, some lamproites are
spatially associated with the Sandy Creek shear zone, a Proterozoic fault. In the Ellendale
field, several lamproites lie near cross faults perpenati¢althe Oscar Range trend, even
though the intrusions do not appear to be directly related to any known fault. The Argyle
lamproite to the east has an elongated morphology suggestive of fault control, and
intrudes a splay on the Glenhill fault (Jaqued athers, 1986).

Remote Sensinglingston (1984) reported remesensing techniques are widely used to
search for kimberlite: these include conventional and false color aerial photography,
LANDSAT multispectral scanner satellite data, and airborne rpekitsal scanning.

Many pipes and dikes possess distinct structural qualities or vegetation anomalies that
may allow detection on aerial photographs (figure 11). Many kimberlites have been
identified on aerial photographs on the basis of vegetation diesm@rcular depressions

or mounds, and/or tonal differences (Hausel
XLy R and others 1979, 2000, 2003).

Figure 4. Aerial view of the Sloan 5 kimberlite,
Colorado-Wyoming State Line district, showing
- distinct vegetation anomaly (high growth of grass
. and no trees) along a distinct lineament (photo by
Hausel).

Geophysical Survey$seophysical exploration
has been used successfully in the search for
hidden kimberlite and lamproite (Litinskii,
1963a, b; Gerryts, 1967; Burley and
Greenwood, 1972; Hausel and at#h)el979,
1981; Patterson and MacFadyen, 1984,
4 Woodzick, 1980), particularly in districts
where kimberlites have previously been
discovered. Contrasting geophysical properties
are often favorable for distinguishing
kimberlite, lamproite and minette fronoentry
rock.




| NPUTE airborne surveys are effective in id
ki mberlite owing to the combination of cond
Rock exposures of kimberlite may yield magnetic signatures but are poorly conductive,

while deeply weathered kimberlites are conductive but poorly magnetic.

Because of the relatively small size of the diamond host rock, closelitighdépacing is
required. I n an airborne | NPUTE surv-ey over
line gacing of 640 feet effectively detected several kimberlites and identified distinct
magnetic anomalies interpreted as blind diatremes (Patterson and MacFayden, 1984). An
aeromagnetic survey flown over parts of northeastern Kansas identified several
anomales, some of which were drilled resulting in the discovery of previously unknown
kimberlites (i.e., Baldwin Creek, Tuttle, and Antioch kimberlites) (Berendsen and Weis,
2001) . FI i ght |l ine spacings of 160 to 320
radiometrics in the Ellendale field, Australia (Atkinson 1989; Janke 1983; Jaques and
others, 1986). The olivine lamproites yielded distinct dipolar magnetic anomalies.

Most kimberlites in the Colorad®/yoming State Line district yielded small complex
dipolar anomalies in the range of 25 to 150 gammas, with some isolated anomalies of 250
and 1,000 gammas (Hausel and others, 1979). Blue ground kimberlite tends to mask
magnetic anomalies. In the Iron Mountain district, where much of the kimberlite is
relatively homogeneous, massive hypabydsales kimberlite, only weak to indistinct
magnetic anomalies were detected (Hausel and others, 2000).

Resistivity of weathered lamproite may be lower than that of country rock, owing to the
conductive nature of smectitday relative to illite, kaolinite and other clay minerals
(Gerryts, 1967; Janke, 1983). However, the Argyle olivine lamproite yielded moderate to
strong resistivity anomalies (400 ohm/m) compared to the surrounding country rock
(200 ohm/m) (Drew, 198. Seismic and gravity surveys are essentially useless in the
search for kimberlite (Hausel and others, 1979).

Biogeochemical and Geochemical Surve§imberlite and lamproite are potassic alkalic
ultrabasic igneous rocks with elevated Ba, Co, Cr, C84d5,Nb, Ni, P, Pb, Rb, Sr, Ta,

Th, U, V and light rare earth elements (LREE). The high Cr, Nb, Ni, and Ta may show up
in nearby soils (Jaques, 1998), but dispersion of these metals in soils is not extensive.

Bergman (1987) suggested that olivine laniteoare generally enriched in compatible
elements relative to leucite lamproites as a result of the abundance of xenocrystal olivine
in the former. Barren lamproites contain elevated alkali and lithophile contents (K, Na,
Th, U, Y, and Zr) relative to dmondiferous (olivine) lamproites. Diamondiferous
lamproites possess twice the Co, Cr, Mg, Nb, and Ni, and half the Al, K, Na and as
barren lamproites (Mitchell and Bergman, 1991), and lamproites have anomalous Ti, K,
Ba, Zr, and Nb compared to most otlhecks. These components may favor the growth

of specific flora or may stress local vegetation (Jaques, 1998). The Big Spring vent, West
Kimberley, Australia, is characterized by anomalous faint pink tones that reflect the
growth pattern of grass on the védaques and others, 1986).

Many kimberlites in the Colorad®yoming State Line district will not support growth
of woody vegetation resulting in open parks over kimberlite in otherwise forested areas.



These same kimberlites may support a lush stangrads delineating the limit of the
intrusive. Distinct grassy vegetation anomalies over kimberlites in the Iron Mountain
district were used successfully to map many intrusives (Hausel and others, 2000). The
anomalies are especially distinct followingeavfdays of rain in the late spring.

Vegetation over the Sturgeon Lake kimberlite in Saskatchewan was tested for 48
elements; the kimberlite showed a consistent spatial relationship with Ni, Sr, Rb, Cr, Mn
and Nb, and to a lesser extent with Mg, P andaBd, relatively high Ni concentrations
occurred in dogwood twigs. In hazelnut twigs, Cr levels were greater than 15 ppm near
the kimberlite but only 5 to 8 ppm elsewhere, and Nb was higher in hazelnut twigs. Sr
and particularly Rb were relatively enrichedsome plant species on kimberlite. The Sr
was probably derived from the carbonates associated with the kimberlite, whereas the Rb
was derived from phlogopite. Ni, Rb and Sr distribution and Cr enrichment associated
with Mn depletion in the twigs coulde used to identify nearby kimberlite.

NORTH AMERICAN DIAMOND DEPOSITS
Diamonds mined fronNorth America prior to 1998 was restricted to minor production
from two small operations at Murfreesburo, Arkansas and Kelsey Lake, Colorado. But
due to extraordiary exploration efforts, Canada is now a world power in diamonds
suipassing South Africand ranks as the number 3 producer in the world following only
Botswana and Russia. It is likely that Canada will soon become the number 2 source of
diamonds based orthe number of discoveries and exploration expenditures and
investments.

The great Ekati diamond mine opened in 1998, and encloses some of the richest
kimberlites in the world (Figure 4). But, just after 3 years of operation, the Diavik mine,
whichopeneda bout 4 years after the Ekati, became
recoveringust under 20 milliorcarats of rough (Robertson, 2006). Canada currently has

three major diamond mines in operatio Diavik, Ekati and Jericho, while otlemare

under onstruction and permitteidcluding Snap Lake, Gahcho Kue and Victand still

other properties in the feasibility stage.

Figure 5. Ekati mine, Northwestern Territories.



Even though large regions of the United States have potential to host signifecaand
deposits, the US will remain unproductive unless effort is made to devote research
funding in search of diamond depositaccording to Kjarsgaard and Levinson (2002),
exploration over the past several years resulted in the discovery of more than 500
kimberlites (including some unconventional host rocks) in Canada, of wbgtly half

are diamondiferous. Th&umber of discoveries isiow more than double. Some
unconventionalhost rocks include actinolite schist (metamorphosed komatiite? or
lamprophyr®) at Wawa, Canada, as well as diamondiferous lamprophyres found
elsewhere.

Numerous anomalies hawatso been identified in the US (Figure 3n the Wyoming
Province (>2.5 Ga) and portions of tlkmlorado Province (<2:%.6 Ga)collectively
referred toas the Wyoming Crators150 kimberlites anddozens oflamproites and
lamprophyres have been found surroundedvhgt regionsof kimberlitic indicator
mineral anomaliesand more than 100 structuralgontrolled geomorphic depressions

with vegetation anomadsof unknown origin The Wyoming Craton underlies nearly all

of Montana and Wyoming, and a portion of northern Colorado. A few dozen kimberlites
and lamprophyres have also been found in the Superior Craton in the Great Lakes region
of Michigan, Wisconsirand lllinois.

More than 30% of kimberlites found in the Wyoming Craton akeown to be
diamondiferous, although even though many the remainingyield favorable
geochemistry for diamonds, most have not been tested. Taweotin situ diamond
deposits hee been identified in Wyoming; and 20 diamondiferous kimberlites have been
found in Colorado (Hausel, 1998) with one described in Montana (Ellsworth, 2000).
Diamondiferous host rocks have also been found in the Great Lakes region where as
many as 26 kimbétic and lamprophyric intrusives were discovered in the Michigan
Wisconsinlllinois regon. Eight (-30%) of the kimberlites yielded diamond (Cannon and
Mudrey, 1981; Carlson and Floodstrand, 1994). A diamondiferous lamprophyre was also
discovered in soutastern Wisconsin (Carlson and Adams, 1997) and a small group of
diamondiferous lamproites have been known in Arkansas for nearly 100 years (Hausel,
1995).

Diamonds were recovered on a small scale at two US localities: Arkansas and Colorado.
Diamonds weeg initially mined at Murfreesboro, Arkansiasthe early 1900s froralivine
lamproite (~10 cpht). In the State Line district, two kimberlites were mined in 1996 at
Kelsey Lake (Schaffer complex kimberlites) and some attractive diamonds were
recovered inclding two stones >28 carats in weight and one fragment from a stone
estimated to be 3 to 4 times greater in size. The grade was reported at ~15 cpht
(Coopersmith and others, 2003). Other kimberlites mined in the district included the
George Creek dikes (yaed bulk sample grades >135 cpht and averaged 31 to 46 cpht)
and the Sloan Ranch kimberlites (9 to 15.5 cpht). Detrital diamonds have been found
scattered throughout the US. Most have had little to no fellpwstudies and many
kimberlites, lamproites anhmprophyres have also been described in the US (Hausel,
1995, 1998).
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Figure 6. Kimberlite, lamproite, reported diamonds and other anomalies in the US (after Hausel,
1998).

United States
Alaska. Three detritadiamondswere found in Alaskdetween 182 and 1986n a gold
placer on Crooked Creek in the Circle mining district northeast of Fairbanks. The Circle
district lies near the fragmented northern margin of the North American craton. No
kimberlitic indicator minerals were identified the placesuggesting that the genmsay
haveoriginated from lamproite or lamprophyre, or from a distal source. A distal source is
supported by the percussion marks and fractures in the diamonds suggesting that the
stones had a complex alluvial history (Forbes andrst1987).

The area in which the diamonds were found is a Tertiary bistsiterial in thebasin is
derived from Late Proterozoic through Late Paleozoic sedimentary and metamorphic rock
from the Crazy Mountains to the north and Paleozoic to Precambri@muorphic and

Late Cretaceous granitic plutonic rocks from the YuR@amana region to the south.
Some alkalic igneous rocks are also reported to the south although no kimberlites or
lamproites have been identified (Forbes and others, 1987).

More recently,diamonds were described situ in a diamonebearing tuffaceous maar
near Shulin Lake north of Anchorage. However, this occurrence remains to be verified
(Casselman and Harris, 2002Golconda Resources Ltd. and Shear Minerals Ltd.
announcedhat they hadecoveredl5 microdiamonds and one macrodiamond from 22
pounds of drill coreon their Shulin Lake property. Thenineralized interval was



described as interbedded volcaniclastic and tuffaceous rocks containing olivine and
pyroxene (Shear Minerals Press Rske, July 8, 2002). The property is locatedviles
(72 km)north of Anchorage (Casselman and Harris, 2002).

Arkansas. Portions of the Gulf Coastal region of Arkansas and Texas are underlain by an
Early to Middle Proterozoic basement considered to hawveto moderate favorability

for diamondiferous lamproite, kimberliteand lamprophyre. Some diamondiferous
lamproitesare known in this region. Most notable is Pririe Creek olivine lamproite
located along the edge of the Ouachita Mountains uplifis lBmproite was the site of
North America's first diamond mine following diamonddiscovery in 1906 near the
mouth of Prairie Creek, southeast of Murfreesboro. The pipe yielded more than 90,000
diamonds including the largest diamond found in the UnitiedeS (40.42 cats), and

was later incorporated into the Crater of the Diamonds State Park.

Diamonds recovered from Prairie Creek include 30% gems: there has been little attempt
to recover microdiamonds (Sinkankas, 1959). Some large diamonds from tkeetyrop
include the Uncle Sam (40.42 carats), the Star of Murfreesboro (34.25 carats), the
Amarill Starlight (16.37 carats) and the Star of Arkansas (15.24 carats). Most diamonds
are white, yellow or brown, and the most common habit is a distorted hexoctakeathr
rounded faces (Bolivar, 1984; Kidwell, 1990). The areaunslerlainby Cretaceous
sedimentary rocks that dip gently to the soleyer and others, 197at werentruded

by the lamproiteat 106 Ma [ate Cretaceous (Gogineni and others, 1978)h@ pipe
covers an area of approximately 73 ac(88 ha)and consists of breccia, tuff and
hypabyssal olivine lamproite (Miser and Ross, 1922; Bolivar, 1984). Nearly all diamonds
have been recovered from breccia facies lamproite, whereas the other mdgonagic

are diamond poor. Gogineni and others (1978) report pyrope compositions to be
equivalent to G9 calcichrome pyropes and Fipke and others (1995) identified only one
sub-calcic G10 pyrope from the lamproite. None of the chromite analyses frompibe pi
yielded favorable geochemistry for diamond$us based on the indicator mineral
geochemistry, this would be considered as a very poor target for diamonds, if considered
at all. Even so, the pipe has been more productive than what the geochemistry would
suggest.

Five other lamproites have been repomea@rbyand due to very thick vegetation and a
long history of erosion the probability of other undiscovered and hidden lamproites is
likely. Other lamproites found 2niles (3 km) north of Prairie Creek ihgde the
Kimberlite, American, Black Lick, Twin Knobs and Twin Knobs 2 intrusives (Krol,
1988; Mike Howard, written communication, 1996). Both the Kimbelditeproiteand

the American lamproitbave yielded some diamonds (Miser, 1914; and Miser and Ross,
1922).

Other ultramafic rocks of lamproitic or lamprophyric affinity have been reported a few
miles east of Prairie Creek and abouniBes (5 km) south of Corinth. Another intrusive

of possible interest is the Blue Ball kimberldike located24 miles (38 km) southwest of
Danville (Salpas and others, 1988ausel, 1998 Little information is available on this
intrusive.



Wyoming Craton. Diamonds were foundh situ in the Coloradé/Nyoming region in

1975 in a Wyoming kimberlite (McCallum and Mabarak 197&ince 1975, essentially

every kimberlite in this district has yielded diamond. Everseojekimberlites still have

not been bulk sampled and several geophysical anomalies interpreted as blind diatremes
remain inexplicably unexploredAnother group of lind diatremes were found a short
distance further south along the border also using an airborne geophysical survey (Tony
Barringer, personal communication).

Of the bulk samples taken the district grades rangkfrom <0.5 to 135phtwith 30 to
50% genstoneswith >130,000 diamondsecoveredThe 135 cphbulk sample had been
contaminated by camderable granitic country rock, thus the true ore grade of the
kimberlite could have been considerably highavo episodes okimberlite magmatism
was recognied (Early Cambrian & Early Devoniarglong a region extendirg miles(5

km) north into Wyoming andat leastl0 miles(16 km) south into Colorado (Hausel,
1998)and possibly more.

The most productive property to date was tKelsey Lake minein Colorado.
Commercial production began in 1996th a mill capacity of only 25,000 carats/year.

The mine was developed on two Kelsey Lake kimberlites (KL1 and KL2) which had
been initially mapped as the Schaffer 1, 2, 6, 7, 8, and 9 by Eggler (1967). The
kimberlitesare irregularshaped pipes and fissuregth diatreme facies kimberlitand

zones of hypabyssal facies and minor crater facies. An apparent Devonian age on the
Kelsey Lake kimberlites is in agreement with Early Devonian and/or Cambrian isotopic
ages for met other pipes found in the Coloradyoming kimberlite province
(Coopersmith, 1993, 1997; Hausel, 1998).

The mine yielded many highuality diamondsmacrodiamondsSome of the larger
stones included 6.2, 9.4, 10.48, 11.85, 14.2, 16.9, 28.18, and 2&.8eras One broken
fragment was estimated to have fragmented from a larger stone of 80 to 90 carats
(Howard Coopersmith, personal communication, 1999). The diamadsbit
predominantly octahedral habit and are colorless vatime honeyrown gems
(Coopesmith and Schulze, 1996). The 28.18 caliamondwas cutto producein the
largest faceted diamorfdund inthe US. The finished stone weighed 16.8 carats and had
an estimated value ofUS$250,000 (Denver Post, September 25, 1997). A 28.3 carat
diamond,also recovered from Kelsey Lake, was cut into a-£a8@t gemstone that sold

for $87,000 (Paydirt, 1996).

Two open pits were developed185 feet(38 m)deep. The ore averaged only about 5 to
15 cpht (Coopersmith and others, 200®ut the high diamongalue and relatively low
capitalization costs allowed the operation to apparently start out favorably until
operations terminated due to legal problemseproperty wadaterreclaimed in 2005.

The Kelsey Lake kimberlites are not mined out and consitietadmined ore remaina

place Resources were established at 16.9 million tonnes to a depth of 3Z200@et)
(Coopersmith, 1997)The mill wasalso inefficientasit rejectedan unknown amount of
diamonds to its tailingscluding everything>40 caras in weight!During later testing of

the mine tailings by Roberts Construction Company, the very first sample yielded
diamonds up to 6 carats in weigfitius the possibility thadven much largediamonds
were lost during the operation is likely.



Kimberlites in the State Line district surrounding mine show distinct structural control.
Thus exploration for additional kimberlites is enhahdsy field mapping of structural
trends. All kimberlites in the district have been deeply eroded such that diatreme and
hypabyssal facies kimberlites are exposed at the surface. This implies that a very large
diamond budget was carried downstream during periods of erisaursé 2004) The
probability that diamond placers have been overlookedighkly likely. For example,
detrital diamonds including a-@&rat stone was found in Fish Creek, Wyoming, and
smaller diamonds were found in placers south in Colorado. There has been very little to
no exploration of placers or paleoplacemnsd absolutely no systematic sampling.

Figure 7. The Wyoming Province
Archon within dashes surrounded by
Proterozoic accreted terrainsas well as
locations of anomalies of interest (i.e.,
kimberlites,  lamproites, indicator

R W B s T mineral anomalies, etc., after Hausel,
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% *o* Iron Mountain district A second
"‘“'#?é oy major kimberlie district lies 45
[ miles north of Cheyenne near
‘ ' P Chugwater, Wyoming (Figure 6).
‘ This district, known as Iron
Mountain includes the nearby
Indian Guide kimberlites. The
district forms a large cluster of
kimberlite dlkes sills, blows, structurally controlldépressions and other anomalies in
the Sherman granite (1.4 Ga) and LaraRangeanorthosite (1.5 Ga). The kimberlites
form continuous anatomizing (Early Devonian) dikes with some bl&astions of the
dike complexwere mapped over a strike length ainBies (8 km) prior to the kimberlites
disappearing under Phanerozoic and Quaternary sedimegiteeatend of the complex.
Thus thecomplex extends for an unknown distaneeyond both extremities under
younger sedimentary rock (Hausehda others, 2000). Aere is also considerable
Quaternary (Tertiary?) boulder conglomerateser within the district and kimberlites
were mapped to the edge gmmésumablycontinue under the conglomerate.

Farther west is a group of structurally controllddpressionsalong strike that are
possibly additional kimberlite@Hausel and others, 2003). These remain unexplored for
diamonds. Muclof the kimberlitein the districtis hypabysal with some diatreme facies
and agroup of kimberlites in the northwestern portion of therais known as the Indian
Guide kimberlites, yieldedomediamondsincluding a 0.3 carat stone (Coopersmith and
others, 2003) Essentially, allkimberlites in this district yietled diamond stability
minerals (Hausel and others, 2003), andmany cases ¢hgeochemical signatigare
essentially the same as that the Kelsey Lake diamond mine



Middle Sybille CreekNorthwest of the Iron Mountaigiistrictis the Middle Sybille Creek
district where a single kimberlite blow (Radichal) was found in 198@gelaand others,
1981). The kimberlite is surrounded by dozen strong kimberlitic indicator mineral
trails that provide evidence fasther hidden kimberlites inthat region. One of the
anomalies (referred to as tliant Creek anoma)ylies along Grant (2ek at theeastern

edge of the district wherefaw hundred indicator minerals were recovered from stream
sediment samplethat suggest a proximal sourdéearby, a limestone xenolith)(was
identified in the Laramie anorthosite (1.5 Ga). This limestaeither outof-place or
represents a Paleozoic outlier similar to those found in the State Line district in the early
1960s that were | ater proven to be kimberl it
outliera.

Eagle RockHappy Jack districtThe Eagle RoclHappy Jack district was discovered by
the WSGS during stream sediment sampling between Laramie and Chéyauosel and
others, 1988) Dozens of indicator minerals were recovered @leeveral drainages
indicating the presence of hidden kimb#es. To the south, the author recently
discovered a group of circular depressions containing considerable carbomate
sediment enclosed [§herman Granite (1.4 Ga).

Indicator mineral anomalies (pyrope garnet, chromian diopside, picroilmenite, de;om
and/or diamonds)Between the Iron Mountain and State Line districts, as well as several
miles north and along the eastern flank of the Medicine Bow Mount&880
kimberlitic indicator mineral anomalies were discovered: very few have ever beah trace
to their source (Hausel and others, 1988). Numerous d{er anomalies were
identified by Cominco American in the same region (Howard Coopersmith, personal
communication, 1990).

KIM anomalies are widespread and have been identified in the Laramie]l&leBierra

Madre and Seminoe Mountairend in the Greater @en River Basin in southern
Wyoming, and in the Bighorn Basirthe southern Bighorn and Owl Creek Mountains,
andthe Powder Rer Basin of northern Wyoming. KIM anomalies are also reparted

the Front Range of northern Colorado, in the Uintah Mountains of northeastern Utah and
in the Sweet Grass Hills of Montana. The presence of several hukiveédnomalies

along with geophysical and remote sensing anomalies support that the Wyoming Craton
has been intruded by major swarms of kimberlitic and related intrusives.

Green River BasinOne of the major KIM anomalies was described McCandless and
others 1995)in the Green River Basin of Wyomingive diamonds were found in the

early 1980s in a draage running from the flank of Cedar Mountaithin this region

Later, a group of 1@nafic lamprophyric breccia pipes and dikes were discovered in this
drainage, and many others were mapped in the region by Amselco. The pipes lie along a
5- to 10mile-long (8-16 km) northerlytrending lineament in the Bridger Formation
(Eocene). Samples recovered from the pipes yielded some diamonds (Hausel and others,
1999) and Guardian Resources later reported the discovery of two additional breccia
pipes nearby (Pre$elease, Guardian Resourc&897).Diamonds were also recovered

by Anadako from these intrusive.



Several alluvial diamonds wefeund ina nearby drainage (Guardian Resources Press
Release, Sept. 24, 1996). The Cedar Mountain pipes and dikes comteronsKIMs

that are geochemically similar to those in the Bishop Conglom@ddigocene)and in
anthills to the north, many of which agem quality. he pipes only account for a small
portion of the indicator minerals in this region.

Leucite Hills lanproites The largest lamproite field northeast of Cedar Mountaand
north of the towns of Superior and Rocks Springs. Twanmtylamproites were mapped

in this areaandthe field remains unexplored for diamon@&omegemquality peridot

was found in tb northeastern portion of the volcanic field, along with scilaenond
stability chromites (Hausel, 2006). The possibility of hidden, diamondiferous olivine
lamproite in the Leucite Hills needs to ineestigated

Many other anomalies have been identifiedVyoming includingKiIM anomalies in the
Seminoe Mountains and the Bighorn Basin, and in the Medicine Bow Mountains. One
very interesting anomaly identified by the WSGS several years ago is a Tertiary
Quaternary conglomerate along the north flank of tlemiSBoe Mountains. This
conglomeraténasoccasional pebbles of tawatplored banded iron formation typical of
that found at the western edge of the Seminoe Mountains greenstone belt (Hausel, 1993).
Panned samples of the dry conglomerate in the flats nedfitacle Mile yielded gold as

well as pyrope garneBamplesfrom both sides of the North Platte River yididc to
purplish garnets that were tested for geochemistry.ppbpe analyses have yielded
diamondstability geochemistry typical of swtalcic chrome pyropes (G10). The
possibility of finding diamonds in this region is very high.

Montana Detrital diamonds have been found in Montana in the northern portion of the
Wyoming craton, along with numerous potential host rocks (alndite, peridotite,
morchiquite, lamproite and kimberlite) (Figurg. Several potential host rockse found
within the central alkalic province in eastern Montana, and a few lampaoéegported

in western Montanaincluding the Ruby Slipper (Pete Ellsworth, personal
communcation, 1996). Two diamonds were found in gravels of the Etzikom Coulee in
the Milk River drainage north of the Sweet Grass Hills in northern Mor(tadd and

0.17 carats(Lopez, 1995). The occurrence lies near a buried magnetic anomaly aligned
with presimed kimberlitic rocks in Alberta.

This extensive field of lamproites, lamprophyres and kimberiitesastern Montanhave

trace amounts dKIMs (Fipke and others, 1995%0me interesting targets this region
include a belt of ultramafic lamprophyre andmberlite diatremesn the Grassrange
Field, eastcentral Montana. The area was highly recommended (Hausel, personal field
notes, 1994) as having high potent@ diamonds and within few years following this
recommendation, the Homestead kimberliteaswdiscoveredand provento be
diamondiferous (Ellsworth, 2000Y.his kimberlite sits near an extensive breccigepi
known as Yellow Water Butte that is formefimassive to brecciated olivisghlogopite
diopsidecarbonate lamprophyre with massive hypabisdivine lamprophyre facies
(Doden,1996)

Hypabyssal facies kimberlites are found near Landusky north of the Grassrange Field.
These include four closelypaced diatremes in the eastern part of anreaiteasterly
trending swarm of ultramafic alkalidiatremes, dikes and plugs (46 to 51 Ma) in the



Missouri Breaks area of norttentral Montana that are referred to as the Williams
kimberlites. Analyses of garnets from the kimberlites indicate compositions equivalent to
G-9 (Hearn and McGeel983) andP-T estimates from cexisting orthopyroxene
clinopyroxene pairs in some of the peridotite nodules indicate some nodules may have
originated from the diamond stability field (Fred Barnard, written communication, 1994).

West Coast The west oast of the US ahCanada may provide some very interesting
unconventional targets for diamondéany diamonds were found in the past during gold
placer mining in California, Oregon and Washingt@alifornia, in particular, was a
good source for diamonds in the gold ralstys.Some historical gold placer mines north

of Oroville, California in the Round Mountain area yielded diamonds aspadajuct of

gold mining between 1853 and 1918. About 400 diamonds and 600,000 ounces of gold
were recovered on the Feather River (HiB,72). Kunz (1885) reported diamonds were
found in all of the northern counties of California drained by the Trinity River in the
vicinity of Coos Bay, Oregon; and on the banks of the Smith River of Del Norte County,
California. Five diamonds were alsocowered from a tributary of the Trinity Rivan
Hayfork Creek. One found in 1987 weighed 32.99 carats (Kopf and others, 1990).
Sinkankas (1959) reported that microdiamonds were found in the black sands of the
Trinity River near its juction with the Klamth River, and prope garnet and chromian
diopside were described from the TnniRiver (Kopf and others, 1990).h@mian
diopsidebearing serpentinites were ladiscoveredn this area (Hausel, personal field
notes 1995).

The presence of an activeBioff zone in Californiaprovides a mechanisto develop
overpressurized magmas at demhd possibly provide a source for the diamonds
Breccia pipedrom such magmas mayave been found at Leek Springs ancmadther
undisclosed locality in the Sierra Nmda of California. Both pipes contain some
diamondstability minerals. he possibility of other breccia pipes in this region needs to
be considered.

Diadem Resources reportédcovery of a cluster of dikes including a 1,875 by 188 m

(6000 x 606ft-wide)6di kedé6 after following an indicato
historic diamond placer at Leek Sprin@d$orthern Miner, 1/29/96)Drill cuttings froma

120 foda ( 37 m) langproiedyielded 285 diamond fragments (Northern Miner,

4/20P6). At anotler breccia pipein the Sierra Nevadathe diatreme has clasts of

serpentinite along witlrsome diamondtability indicator minerad typical of mantle
peridotte(Ly nn OO6 Rouke, per)sonal communi cati on

Great Lakes Region A group of kimberlites in the Miabantlllinois area in the Great
Lakes regionntrudethe Superior Province, which is an Archean craton underlying much
of Minnesota and eastern South and North Dakotatinuing north into Canada. The
Superior Province is bounded on tiest by the Transludson Orogemnd a Proton of
Early to Mddle Proterozoic basement rotckthe east and south suggesting this retpon
havemoderate potential fatiamond discoveries

The Early to Middle Proterozoic basement along the margin of the Superior Archon is
bourded by Late Proterozoic rocks of the Grenville Tecton further to the east. The
Grenville Tecton extends into eastern Michigan and Indiana. Several diamonds



(including some sizable stones) were recovered from the Great Lakes region (Hausel,
1995,1998). These were thought to have been transported from Canada by continental
glaciers duringa pastice age. This assumptionas come undequestionsince the
discovery of several pefdirdovician kimberlites in Michigan. A few dozen kimberlites
and lamprophyres ka also been described within the Superior Craton in Michigan,
Wisconsin and lllinois. Eight kimberlites in Michigan yielded diamond (Cannon and
Mudrey, 1981; Carlson and Floodstrand, 1994) and a dadidiferous ultramafic
lamprophyricbrecciawas discover@ in southeastern Wisconsin (Carlson and Adams,
1997). At least 26 kimberlites have been found in Michigan, Wisconsin and northern
lllinois. Eleven magnetic anomalies wea¢so detected that are suggestive of buried
diatremes. Michigamalso has somPaleownic outliers that are completely surrounded by
Proterozoic rockghat are interpreted as cryptovolcanic structutbat are possibly
kimberlite pipes

One kimberlitefound near Crystal Falls, Michigan, lies one mfle6 km)west of Lake

Ellen near the Waconsin border. This kimberlitégke Ellenpipe), is poorly exposed but

yields a strong positive magnetic anomaly that suggests the presence of a 650 to 950 feet
(200-290 m)diameter kimberlite with a surface area of 20 a¢8et ha) The kimberlite

was emplaced in Proterozoic volcanic rocks amakabundant Ordovician(?) dolomite
xenoliths. Diatreme facies kimberlite at Lake Ellen corgtaihvine, pyroxene, mica,
pyrope and magnesian ilmenite in a fgrained serpentine matrix (Cannon and Mudrey,
1981) Another kimberlite Michgamm@, lies a short distance northwest of the Lake
Ellen intrusive along the Michgamme Reservoir shoreline (Carlson and Floodstrand,
1994).

Northwestern Wisconsin is underlain by basement rocks of the Superior Province while
Proterozoic age rocks underlie the remainder of the state. Since 1876, 25 diamonds were
found in southern ahcentral Wisconsin. Alwere found in Pleistocene glacial dep®si

or Holocene river gravel. Other diamonds were recoveraddiamondiferous ultramiaf
lamprophyre (melnoitelknown as the SkPak diatremes that wakscovered by Ashton

with airborne magetics. The diatreme was drilled:hias50 acre (20 ha) surface area and
consists of hypabyssal facies lamprophyre with a typical kimberlitic minerngd s
including calcic pyrope garnet (G9). Several small diamonds were recovered from the
intrusive The intrusive lies in the outskirts of Kenosha in southeastern Wisconsin
(Carson and Adams, 1997). Many other kimberlites, lamproites and lamprophyres have
been identified in the US. The reader is referred to Hauseb(1995a, 1998) fahese.

Canada
Canada is undergoing a magzonomicevolution. Many kimberlites and other potential
diamondiferousost rocks have been identified over large regionseof\irth American
Craton in Canada (Figure 7). Most of the discoveries haen lmade since the early
1990s. 'he number of discoveries and the variety of host rocks as well as the incredible
capital investment will change fundamental concepts on diamexdoration The
scenarichasresuledin one of the greatest economic evolutions in history. Within a very
short peri od, Canada became t he -qualdyr | d 6 s
diamonds. Prior to 1998, Canada not producea singlecommercialnatura diamond.
Today, only Namibia and Russia gudce Canada. But within the next decade, Canada is



expected to become the number two diamond producer in the world and may even
surpass Namibia within the foreseeable future.
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Alberta. Exploration in Alberta resulted in the discovery ofveeal kimberlites,
lamprophyreswidespreackIM anomalies and magnetic anomalies. Both magnetics and
electranagnetics have proven invaluable in the search for hidden kimberliteis
region WidespreadKIMs have been identifiedn Alberta. The Alberta Geological
Survey reports widespread anomalies from the Canddariana border northward to
the Northwest Teitories, with extensive anomalies in the central portion of the Province
(Alberta Geological Survey, 2004). The data suggbstpresence dfiddenkimberlites

and related host rosk

One group of kimberlites were discovered along a northeasterly fpanalleling two
major shear structures near the naréimtral portion of the province. These occur at (1)
Mountain Lake northeast of Grande Prairie, (2) Buffalo (Head) Hills northeast of
Mountain Lake and (3) in the Birch Mountains further to the northédahy of the
kimberlites in northern Alberta yield 70 to 85 Ma ages (Simandl and others, 2005).

At (1) Mountain Lake, thediatremes are lamprophyreghe Mountain Diatreme was
discovered in 1973 and initially interpreted as kimberlite. However, recalysas
suggestt is a hybridwith geochemical affinities for basanite (olivine potassic basalt),
olivine minette, alndite and melilitite. Compared to the Buffalo Hills and Birch
Mountains kimberlites, the Mountain Lake diatreme has highes, 303, N&O, K0,
NaO/K;0, Ga, Rb and peralkalinity index, and lower MgO, Nb, LREE, andl&e.
chemistry implies high potassic, alkali, ultramafck (Eccles, 2002).

In 1983, a sample of the lamprophytaken by Superior Minerals yielded two
microdiamonds frona 7#lb (35 kg) sampleand8 or 9 microdiamondsvere recovered
from crater facies outcrops at the surface (Casselman and Harris, 2002).Two pipes are



known in thisarea. The Mountain Lake diatrenmse 118 miles(190 km) southwest of
Norman Wells, Northwest drritories in the Mackenzie Fold Belt. firms a 1,970foot

(600 m)diameter pipe that intrudes Upper Cambrian to Middle Ordovician limestone.
The diatremecontainspicroilmenite, pyrope and chrortkopsidexenocrystssimilar to

the DK pipes at Cedar Motain in the Green River Basin of the Wyoming Province. The
Mountain diatreme hga central core of dark greantolithic breccia with lesser country
rock xenoliths The matrix is composed of chlorite, phlogopite and carbonate with minor
serpentine, tremdk andopaqus. K-Ar
dating of phlogopite returned a 445 Ma
agefor the intrusive.

Figure 9. Location of principal diamond
_ districts in Alberta including known
The Buffalo Hills cluster to the northeat KIM trails and anomalies (circles).

are of current interest due to discovery jof Modified from the Alberta Geological
36 diamondiferous pipes within a clustgr — Survey).
of 38 kimberlites. Three (K14, K91 angl =
K252) have yielded bulk sample tests pf
>11 cpht and thé&252 kimberlite yielded
an initial test of 55cpht and is of
potential economic interest (Alberth
Geological Survey, 2004; Cummings,
2006). The Buffalo Head Hills arg
underlain by Early Proterozoic @talline
basement with possibly some Archean
basementof the Buffalo Head Craton
The regional setting was favorable fir

emplacement of kimberlite durin
periodic tectonic activity associated wi
movement along the Peace River Ar¢gh
(Alberta Geological Swey, 2004;
Cummings, 2006).

Samples from the region yielded
S|gr_1|f|cant numbers oKIMs mclgdlng SEUB 4GS
olivine, pyrope garnet, chromite an R i
picroilmenite. Some of these we

collected well north of the northernmogt

known  Buffalo Hills  kimberlite

indicating a strong likelihood that

undiscovered kimberlites lie to the north. In addition, some geophysical anomalies within
the cluster are characteristic of hidden kimberlite.

At least three distinctive volcaniclastic units are recognized in the Buffalo Hills
kimberlites, two are primary pyroclastic deposits that are not normally preserved in most
kimberlites. The pipes are distributed ow®®,300 mf (6,000 knf) areaand intrude
Proterozoic Buffalo Head Terrain. The kimberlites erupted through Proterozoic
basemet) Devonian sedimentary and Cretaceous sedimentary rock, but were covered by
Quaternary till (Boyer and others, 2005).



Volcaniclastic crater facies kimberlite the district indicatewery little erosion has
occurred sincaliatremes emplacementhe craer facies includes weforted, ahsize
fine-grained, olivinerich layersinterbedded with lapiltsizefragmentrich layers. Cross
stratified and finely bedded deposits are similar to those formed by basal surge and
pyroclastic ash fall. Some accretiopdragments with multiple magmatic rinds thought

to have formed during a series of erupticar® typical of proximal cratefill and
pyroclastic ash fadl. SYme poorlysorted, subtly bedded, crystath kimberlite is
depleted in finggrained matrix matéal (Boyer and others, 2005).

The Buffalo Head Hills and Birch Mouainh diatremesre chemically similar to Group |
kimberlites. Of the two, the Buffalo Hills kimberlites have the highest MgO, Cr, and Ni,
the lowest AlO3, SIO,, V, Y, Pb, Sr and Gaontent, and have geochemical signatures
similar to primitive kimberlite in the Northwest Territories. In addition, a high proportion
of the Buffalo Head Hills kimberlites are diamondiferous (Eccles, 2002).

Diamonds recovered from the K11, K91 and K252 kirtitesrin the Buffalo Hills cluster

are mainly colorles and transparent: most hanesorbed octahedral habifThe garnet,
olivine and pyroxene inclusions indicate presence of both eclogitic and peridotitic
diamonds The data supportsthat a lithospheric mantle beneath Buffalo Hills is
dominated by an eclogitic componesitmilar to many younger diamosigearing areas
around the world. The presence of rare majoritic garnet inclusions in some diamonds
supportsthat some diamonds were formadvery deepmante sourceregion (Eccles,
2002).

At least nine kimberlites have been identified in the Birch Hills cluster northeast of the
Buffalo Head Hills: two of which have yielded diamonds. The Birch Mountains
kimberlites are more evolved than the Buffalo Hillmkerlites and have lower SiCNi

and MgO and higher E@;, TiO,, Nb, V, Sc, Zr, Hf, Y, Ba, Rb, LREE, Ga and Pb.
Hence, wholeock geochemistry of tlse kimberlites is similar to Group IB South
African kimberlite.Onekimberlite, known as the Legend,asl,640 to 2,62500t (500

800 m)diameter multiphase kimberlite. The Legend Kimberlite lies beneath 4¢1f8t

m) of overburden. Foumicrodiamondswvere recoveredfom an 896élb (406 kg)sample
(Eccles, 2002).

British Columbia. Much of British Columbias underlain byan unconventional terrain

for primary diamond deposits. However, recent studies in the extreme northeastern
portion of the province suggest that part of that regiay beunderlain by a structurally
disturbed fragment of the North AmenctaCraton. Even though much of British
Columbia is considered unfavoralier in situ diamond deposits based on traditional
diamond exploration concepts, diamonds have been recovered from a group of breccia
pipes, many with classic&lIMs. These intrude th€ordilleran beltalonga NNW-trend.
Lithologies include alkalic basalts, and alkalic and ultramafics lamprophyres. Only a few
true kimberlites are reported in British Columbiaen so, ncrodiamonds have been
recovered fronsomepipes.

Many anomaliedhave been identifiechear the Alberta border north of Montana and
further north in northern British Columbia. The known kimberlites and lamprophyres
have yielded age dates of 391 to 410 Ma for the HP pipe to 240 Ma for the Cross



diatreme (Simandl and other2005). Of 58 samples of alluvium, regolith and bedrock
collected in extreme northeastern British Columbia in the Etsho plateau near Ft. Nelson
and Dawson Creek, 38 contained kimberlitic indicator minerals suppartikglihoodof

hidden pipes. Some imator minerals yielded diamorgtability geochemistry and one
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Figure 10. Diatremes (stars) in British Columbia and Alberta from Simandl and others, 2005).
contained amnclosednicrodiamondnclusion

Nearly all of diatremes lie along a nowtbuth 54 by 12 milé87 x 19 km)trend within

the Rocky Mountains Uplift. This region is remote andgedjsupportingthat other
discoveries will likely be made with continued exploration (Roberts and others, 1980;
Grieve, undated). Many of the diatremes were emplaced in Cambrian to Permian
carbonate and clastic sedimentary rocks of the Foreland and IntamadBelts near the
west coast of Canada (Simandl, 2003). This area is characterized by thrusts and
associated folding. All of the diatremes were emplaced in Middle Devonian and older
strata while the Cross diatreme in the Elkford cluster in the soudineasirner of the
province was emplaced in Permiaedrock The terrain is not what would be anticipated

for primary conventional diamond models that require cool, stabilized, cratonic cores
(Archons) with thick keels. Instead, this region is geologicahgtable and has been
subjected to considerable deformation with displaced and accreted terrains.

Kechika GroupThe Kechika River group includes the Xguipe thatlies at the northern

end of Dall Lake in the Kechika Range of the Cassiar Mountains. fdpeny was
originally acquired for rare earths associated with a mafic alkalic igneous cotinates
underlain by quartzite of the Lower Cambrian Atan Group, chisgtiite schist,
phyllite, marble and dolomite of the Cambr@ndovician Kechika Gron, and by
siliceous tuff, chert, sandstone and argillite of the Ordovician to Silurian Sandpile Group.
The rare earths are hosted by alkalic igneous complex that forms axovstest
trending belt of cogenetic syenites, trachytic volcanics and carbem#hiat have been
traced for 12.5 mile@0 km)along strike and is a few hundred feet to a few miles wide.
At the southern end of this belt, a diatreme was discovered with a variety of igneous and
sedimentary (quartzite and carbonate) xenoliths and chspimel xenocrysts in a pale
green, carbonatgch tuffaceous matrix. Exploration in 2002 identified a nearby



lamprophyre dike that varies in width from a few to over 160 {46t m) exposed
intermittently along a 1.6 milé2.6 km) strike length. A Ab (32 kg) sample collected

from the dike yielded a transparent, green microdiamond (0.38 x 0.30 x 0.25 mm). The
Kechika River diatreme within the Kechika Range lies west of the Rocky Mountain
trench has geochemically affinity fatkalic lamprophyre.

The Osjika pipe to the south of Kechika River (north of Mackenzie) is complex breccia
with at least 5 intrusive events. The breccless xenoliths, cognate nodules and
phlogopite, titaniferous augite, rare altered olivine and bright green diopside in aphanitic
cabonate matrix. The pipe is classified as an ultramafic lamprophyre (aillikite) based on
petrography and whole rock geochemistry (ljewliw and Pell, 199&)icrodiamond was
reportedly recovered from breccia in a carbonatite complex in the Kechika area.

Golden Field A group of diatreme breccias and dikes are reported at five localities
further south, in the Golden fieldlhese are located aBush River, Mons Creek,
Valenciennes RivefMark diatremes)Lens Mountair{Jack diatremednd Campbell. The
Bush River breccia and dikes have been classified as olivine kersantitesalfclc
lamprophyres) based on mineralogy, althotlgéy have an affinity for more alkaline
chemistry. Diatremes and dikes in the Mons Creek andnéannes River are altered
with pseudomorphs of serpentine after olivine, clinopyroxene, biotite and plagioclase and
are classified as camptonites (alkalic lamprophyres). The Lens Creek diatreme may be
lamproitic, and the HP pipe south of the Campbell Ice field consists of limestote clas
quartzite, clasts of plutonic rock with autoliths, megacrysts and phenocrysts of
clinopyroxene (chrome diopside), melanite garnet, biotite spinel and apatite in a
groundmass of calcite, chlorite, serpentine, talc and pyrite and is classified ate ailliki
(llewliw and Pell, 1996)Simandl (2003) reports that diamonds were recovered from
samples from the Jack (Lens Mountain) and Mark (Valenciennes River) diatremes.

Bull-Elk Creek Field Another 40+ breccia pipes and dikes are found ssotitheast of

the Golden Field near Cranbrook in the BHIk Creek field. These are primarily
tuffaceous intrusives with vesicular lapilli, clinopyroxene, olivine, calcite, and spinel in a
groundmass of carbonate, chlorite, talc and minor plagioclase.

Summer diatreme3he Summer diatremes 24 mil&8 km)northeast of Cranbrook, lie
near the intersection of Galbraith and Summer Creeks. One known as the Quinn diatreme
lies near the head of a tributary of Quinn Creek, 36 m{&s km) northeast of
Cranbrook. This diatreméntrudes OrdoviciasSilurian BeaverfoeBrisco Formation
carbonatesand haggray-green matrix with small clasts and phenocrysts of olivine and
spinel (<5 mm). In thin section, angular quartz and feldspar, volcanic fragments,
carbonate, argillaceous matdriand serpentine occun carbonatized groundmass.
Xenoliths in the breccia include wetbunded limestone, argillite, quartzite, granite and
rare ultrabasics (Grieve, undate@mandl (2003) reported that macrodiamonds were
extracted from the Cranbroattuster, the Bonus and the Ram 5 and 6 diatremes. The
Ram 6 is located north of Elkford and reported to be diamondiferous and possibly
kimberlitic (Allan, 1999).

Elkford kimberlitesThe Cross diatremes in southeastern British Coluisbaatednear
Elkford (Figure 7). Thisdiatremewas initially reported in 1957 on the north esidf



Crossing Creek valley. tovers a surface area of 225 by 190 {&& x 58 m)and is
composed of intrusive breccia in a shear zone imR&r Rocky Mountain Group shale
limestoneand chet. No thermal metamorphism is visible along thieusive contact. The
breccia matrix is a bluisgreen, calcareous groundmassclosing phenocrysts and
megacrysts of phlogopite, altered olivine, hematite, calcite, chromian diopside and
reddishbrown pyropealmandine garnet with rounded to subangular xenoliths of
limestone, argillite, serpentinite and peridotifReconnaissance exploration was not
initiated until after the Cross diatreme was described as kimbierlit876 Geochemial
anal/ses support that it is kimberlite, afaur other kimberlitesare apparently found in

the region (ljewliw and Pell, 1996).

Portions of the field are underlain by blueschist and eclogite facies rocks interpreted as
subductedelated. Some diatremas British Columbiaare weakly diamondiferous
possibly from sampling material from a paleabduction zone. The breccia matrix or
magma type for the British Columbia breccia pipes is not well defisidlar to the
subduction related breccias identified in @aliia. The majority of diatremes in British
Columbia are ultramafic lamprophyres while the Cross is kimberlitic (Grieve, Undated).

Labrador . At least four areas in northern Labrador within the Nain Province (Archean)
have been identifiedhat haverocks of apparent kimberlitic to lamprophyric affinity.

These include (1) Capes AiliMa k k ovi k di kes and pipe, (2)
(3) the Saglek dikes and pipes, and (4) the Torngat Mountains dikes.sGrda2pand 3

are described as kimberliteand number 4 includes both kimberlites and ultramafic
lamprophyres (melilitites and or aillikites). The Torngat dikes are affiliated with the
Abloviak shear zone and several are diamondiferous (Wilton and others, 2002).

Manitoba. Exploration in Manitobaeasulted in discovery of the Wekusko kimberlite dike
north of Lake Winnipeg. Research by the Canadian Geological Survey resulted in the
identification of numerous indicator mineral trains in the Gods ikakee Lake area near

the Snow Lakeé-lin Flon area. Té indicator mineral trains suggest the presence of
several hidden, manti@gerived pipes in estern Manitoba

Northwest Territories (NWT) i Nunavut. Diamond deposits have been discovered at
numerous locations in the Canadian far north. Some of the mowmtanpare: (1) Lac
De Gras (NWT & Nunavut)(2) Thirsty Lake (Nunavut)(3) Parry Peninsula (Darnley
Bay) (NWT), (4) Victoria Island cluster (NWTNunavut), (5) Somerset Island cluster
(Nunavut), (6) Rankin Inlet cluster (Nunavutf) The Melville Peningla (Nunavut), (8)
Baffin Island (Nunavut), (9) Dry Bones Bay (NWahd(10) Coronation Bay (Nunavut)

(1) Lac De Gras regionA major kimberite district was discovereid the Slave Province
northeast of Yellowknife in the Northwest Territories in thalyed990s. Several
commercial pipes and sill have been identified in this region that include the Ekati group,
Diavik group, Snap Lake, Gahcho Kue (formerly Kennadkel)aand Jericho (Figure).8
There aramanyother kimberlites in this region such as thas€arp Lake, Hardy Lake

and others, but only the commercial deposits are described.
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Figure 11 Northwest and Nunavut diamond mine localities.

One of the great exploration success stories in history was the discovkaynainds in

the Canadian Northwest Territories, which sparked the largest claim staking rush in
history (Krajick, 2000). Within a few years, capitalization of Eeti mineresulted in

the first Canadian diamond min@roduction beganin 1998. Since mineperations
started other commercial properties have been identified that include the Snap Lake dike
and the Diavik pipes. A fourth commercial diamond prospect in Carladihqg is
located in Nunavut 100 milg460 km)north of Ekati and 250 mile@00 km) NNE of
Yellowknife. Of these four commercial operations Ekati is by far the largest operation.
Most kimberlites in the Northwest Territories were emplaced at 45 to 75 Ma (Simandl
and others, 2005).

Kimberlites at Ekatare located nearly 180 miles NEtbe town of Yellowknife. Several
pipes were discovered lying under a group of shallow lakes in the Lac de Gras region in
the early 1990s. A short time following
commissiond by BHP in late 1998. Thisorld-class mine includes a cluster of 121
kimberlite intrusives (565 Ma) and reserves establishéat the Fox, Leslie, Misery,
Koala, Koala North, Panda, Beartooth, Sable and Pigeon kimberlite pipes on the Ekati
property: other kimberlites are being evaluaded the mine has an anticipated minimum

life of 25 years.

In 2001, three years after the mine opened, the Ekati produced 3.7 million carats. In 2003,
production increased to 6.96 million carats (EMJ, 2004). Open pit operations on the
Panda pipe reacheshiaximum economic depth in 2003, five years after mining was
initiated. Declining production from the Panda open pit has been replaced by production
from the nearby Misery and Koala open pits. The Panda mine life will be extended by
underground miningand the kimberlite is being developday sublevel retreat mining.
Underground mining was previously initiated at the adjacent Koala North pipe in 2002.
The Panda underground mine is expected to produce 4.7 million carats over an operating
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