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Wyoming State Geological Survey

Quaternary alluvial deposits

Ter}iary (?) boulder conglomerate
Mesozoic and Paleozoic sedimentary rocks
Devonian(?) kimberlites

Locations of G10 garnets in kimberlites

Proterozoic mafic dikes

Proterozoic Sherman Granite (1.4 Ga)
Proterozoic Laramie Anorthosite (1.5 Ga)
Thrust fault; saw teeth on upper plate

Fault

Figure 3. Geologic map of the Iron Mountain kimberlite district, Laramie Mountains, Wyoming. Base map from topographic maps of
the Delano Ranch, Indian Guide, Farthing, and Goat Mountain 7 1/2-minute quadrangles, Wyoming.

The kimberlite dike complex was traced over
a strike-length of 5 miles within an area of 12 mi?
(Figure 3), and intrudes the Sherman Granite. Along
the eastern and western extent of this trend, both the
Precambrian rocks and the kimberlite are overlain by
steeply dipping Paleozoic rocks. Presumably, kimber-
lite continues under the younger Paleozoic cover.

Some enlargements of the kimberlite occur in the
area. In SE section 3, T19N, R70W (Figure 3) and in

the NW section 2 of the same township, distinct swells
are present along the dike trend. However, the kim-
berlite occupying these swells is massive kimberlite
porphyry, and thus, the swells are probably not true
blows, which are defined as root zones of former dia-
tremes. They are interpreted as dike swells instead.

A few blows were identified within the dike com-
plex. These are thought to exist where enlargement of
the dike complex coexists with some brecciation and
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Figure 4. Model (not to scale) of a kimberlite pipe showing
different kimberlite facies and kimberlite-related features origi-
nating from a root zone at depth (modified from Mitchell, 1986).
Shaded area represents a horizontal plane at the approximate
level to which the kimberlites at Iron Mountain have been
eroded.

carbonatization of the kimberlite (Figure 4). Dike
enlargements were also mapped in sections 17 and 18,
T19N, R70W, along the western margin of the district.
Some of these are interpreted as blows, particularly
those that contain mantle and crustal xenoliths. One
of these blows, located in the W/2 section 17, T19N,
R70W, also contains Lower Paleozoic xenoliths,
indicating that it penetrated the Silurian and possibly
the Devonian surface. The presence of the xenoliths
confirms that this enlargement is a true blow (Smith,
1977).

A dike of carbonatized breccia was mapped in sec-
tions 15 and 16, T19N, R70W. The breccia contains
abundant fragmented breccia clasts of Sherman
Granite, and according to Smith (1977), contains some
xenoliths of massive kimberlite porphyry. The pres-
ence of these clasts and the lack of Paleozoic xenoliths
indicate a degassing event of the kimberlitic magma.
These breccia pipes are interpreted as the root zones
of blind diatremes (which did not penetrate the Earth’s
surface when emplaced).

For the most part, the dikes are mapped as scat-
tered serpentinized porphyritic kimberlite outcrops
(Figure 3) connected by grus-covered kimberlitic soil
(weathered kimberlite or blue ground). In places, the
kimberlitic soils are distinct, particularly where the

grus is thin. These soils contain intermixed rock frag-
ments of kimberlite and granite in blue ground with
variable amounts of kimberlitic indicator minerals
(notably picroilmenite, less commonly pyrope garnet,
and rarely chromian diopside). The kimberlitic soils
are typically outlined by distinct vegetation anoma-
lies (Figure 5). Because kimberlite is eroded faster
than the surrounding granite, many kimberlites are
expressed by slight topographic depressions or flat
areas (Figure 6).

Blue ground consists of gray montmorillonite clay
and carbonated soils that are the result of weathering
and decomposition of kimberlite. This blue ground was
mapped over wide areas in the State Line diamond
district (Hausel and others, 1979; 1981). Vegetation
anomalies within the blue ground include dense, lush
grasses and areas devoid of trees. These vegetation
anomalies are visually prominent at certain times of
the growing season—the kimberlites can literally be
mapped by these anomalies after a few weeks of rain in
late May and early June. The kimberlitic soils are also
attractive for burrowing animals, and those that reside
in them, including rattlesnakes (e.g., Billman, 1998).

Mapping by the WSGS during the summers of 1997
and 1998 resulted in numerous discoveries, including a
group of depressions in the western part of the district
within the E/2 of section 8, T19N, R70W, that continue
into the extreme NW section 9 of the same township.
These depressions, however, remain an enigma. The
depressions contain distinct vegetation anomalies
as well as apparent blue ground. In addition, some
narrow kimberlite dikes were traced into a few of
the depressions, and electromagnetic (EM) responses
over the depressions yielded excellent conductors as
would be expected from weathered kimberlite (see
Geophysics, p. 15).

Figure 5. Distinct grass anomaly over kimberlite at Iron Mountain.
The thick, lush, grass on the right side of the photograph covers
kimberlitic (blue ground) soil, whereas the thinner, shorter grass
on the left side of the photograph overlies granitic soils. Also
note that no trees grow within the kimberlitic soils.
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Figure 10. Type III kimberlite at Iron Mountain is a carbonatized
breccia containing abundant granite xenoliths in a carbonate-
rich matrix.

granitic material, cryptocrystalline to microcrystalline
quartz, hematite, magnetite, and rounded carbonatized
grains. Hematite commonly rims altered xenocrysts,
most of which were probably olivine. Smith (1977)
reported finding an altered kimberlite xenolith in the
breccia, and used this information to support his inter-
pretation that the magma was originally kimberlite.

Whole-rock geochemistry

Overall, the mineralogy as well as the whole-rock
geochemistry shows that kimberlite in the district
ranges from serpentine-dominant to carbonate-domi-
nant. Even though some kimberlites are essentially
carbonatites based on geochemistry, this may be due
to replacement textures. Based on the mineralogy
and geochemistry of all three kimberlite rock types,
it is apparent that kimberlite grades from distinct
serpentinized kimberlite porphyry with little carbon-
ate to carbonatized kimberlite with little serpentine
(Smith, 1977).

The Iron Mountain kimberlites bear little resem-
blance to their initial mantle melt due to fractionation,
differentiation, and incorporation of abundant xeno-
lithic material (Smith, 1977). Representative whole-
rock analyses are difficult to assess, as the kimberlites
are hybrids contaminated with appreciable foreign
material incorporated into peridotitic magma as it
rose from the mantle through Earth’s crust. Samples
of Type I and II kimberlites were selected for analysis
because of their lower amount of visible contaminates,
but it is essentially impossible to find samples that
are not contaminated. All samples of the Type III
kimberlite were pervasively contaminated by granitic
xenoliths; thus, significant contribution of the granitic
material to the whole-rock chemistry is unavoidable.

Major oxide, minor element, and trace element con-
centrations of many of the Iron Mountain kimberlites
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Figure 11. Distinct saddle produced by resistant outcrops of
granite enclosing less resistant kimberlite within the saddle.
Note distinct vegetation anomaly, including the lighter shade of
grass and very little sagebrush in the saddle.

are compatible with worldwide kimberlite averages.
Many of the Iron Mountain intrusives are also similar
to the State Line diamondiferous kimberlites.

The Type I kimberlite, or massive kimberlite
porphyry, is characteristic of a primitive peridotitic
magma containing considerable groundmass and mega-
crystal olivine with minor pyroxene and picroilmenite,
accessory minerals, and contaminates. The olivine
throughout the samples is pervasively serpentinized,
with little preserved primary olivine. Where preserved,
the olivine is found in the cores of some megacrysts and
groundmass grains that are enclosed in a reaction rim
of serpentine. But for the most part, the grains occur as
serpentine pseudomorphs after olivine. The mineral-
ogy emphasizes the magnesium-rich chemistry of the
rock.

The average chemistry of the Type I kimberlite is
comparable to the average basaltic kimberlite (sample
A, Table 1). Samples of the Type I kimberlite have
higher average magnesium (28.6% MgO) and higher
average potassium (1.04% K,0) than the average
basaltic kimberlite (compare with 27.9% MgO and
0.98% K,0). For the Type I kimberlite, the magnesium
content is higher, and the potassium content lower,
than the average micaceous kimberlite (compare
with 23.9% MgO and 2.1% K,0O)(sample B, Table 1).
Samples of the kimberlite porphyry from the Iron
Mountain district range from a low of 23.1% MgO to
a high of 33.31% MgO, and from 0.18% K,O to 1.8%
K,O.

The carbonatized kimberlite (Type II) shows a wide
range in major oxide chemistry, in part due to contami-
nation and differentiation. However, carbonatization
appears to have had the greatest influence on the
chemistry variance. These kimberlites show a wide
range of carbonatization from weakly carbonated rock
where the serpentinized olivine megacrysts contain
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reaction rims of carbonate with some interstitial car-
bonate in the groundmass, to extreme carbonatization
showing pervasive alteration of the rock. In the perva-
sively altered rocks, the megacrysts and groundmass
appear to be completely replaced by carbonate, and the
chemistry is typical of carbonatite.

Samples IM7-98 and IM18-98 (Table 2) are weakly
carbonatized kimberlites. These contain common
serpentinized olivine as megacrysts and groundmass
grains. Whole rock chemistry shows 28.91 and 32.92%
MgO, respectively, and 7.11 and 2.64% CaO, respec-
tively. Loss on ignition (LOI) totals 12.29 and 13.38%,
respectively, much of which probably occurs as water
with some CO,. The other Type II samples listed on
Table 2 are pervasively carbonatitized. In particular,
sample IM4-98, which contains 5.56% MgO, 39.27%
Ca0, and 34.9% LOI, is dramatically depleted in silica
(9.85% Si0,) and potassium (0.34% K,0O). Based on
the chemistry, either this sample represents extreme
carbonatization with depletion of MgO, or the original
magma was a carbonatite.

Other samples from this group also show intense
carbonatization. For example, samples IM15-98 and
IM30-98 contain serpentinized olivine megacrysts
with a groundmass pervasively replaced by carbonate.
These yielded 8.95 and 11.7% MgO, respectively, and
21.05 and 19.13% CaO, respectively.

The carbonatized breccias (Type III) have been
contaminated by abundant granite breccia clasts; thus,
it is impossible to eliminate the effects of the xenoliths
on the whole-rock chemistry. Typically, these rocks
look more like a fault breccia than kimberlite. Samples
with the least amount of granitic xenoliths were
selected for whole rock analysis; however, these exhibit
enrichment in SiO,, A1,O,, and K,O (Table 3), some of
which was contributed by the granite. These samples
also show extreme depletion of MgO and enrichment
of Ca0. Only sample IM14-97 contained appreciable
magnesium (4.92% MgO). The other three samples
ranged from 0.54 to 1.44% MgO. CaO in the samples
ranged from 7.55 to 15.87%, much of which occurs in
the form of calcite.

Thus, the whole-rock chemistry of the Type III
kimberlites is suggestive of a magnesian-poor, carbon-
atitic magma, or a pervasively carbonatized kimberlite
breccia. Thin section examination of these samples
showed considerable granitic material in a matrix
of fine-grained granitic material and carbonate. No
magnesium-silicate minerals were identified in thin
section. It is likely that the breccia represents a degas-
sing phase in a blind diatreme, where CO, gas exolved
from the magma as the lithostatic pressure decreased
near the surface.

Trace rare earth element contents of the kimber-
lites from Iron Mountain (Tables 1, 2, and 3) show
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chondrite normalized distribution patterns to be highly
fractionated toward light rare earths. La/Yb ratios
range from 25 to 238, and the kimberlites from Iron
Mountain (as well as the State Line district) display
negative europium (Eu) anomalies. Similar patterns
have been recognized in some South African and
Siberian diamondiferous kimberlites (Smith, 1977).

The geology, mineralogy, and geochemistry all
support an interpretation that the Iron Mountain
kimberlites represent a deeply dissected kimberlite
dike-sill-pipe complex. As much as 3000 to 5000 feet of
overlying rock was probably removed by erosion since
the kimberlites were emplaced in the Devonian (see
Figure 4).

The carbonatized kimberlite appears to be closely
associated with blows or former pipe structures,
indicating that diatreme formation occurred in the
parts of the dike system where carbonate-rich fluids
concentrated. The presence of rare Type I and Type II
kimberlite xenoliths in the Type III carbonatized brec-
cia implies that diatreme formation began after solidi-
fication of parts of the dike system (Smith, 1977).

Carbonatized kimberlites (Type II and III) are
located within close proximity to the roots of diatremes.
These rocks are associated with the most intense wall
rock alteration, carry the highest xenolith concentra-
tions, and were the most violently emplaced (Smith,
1977).

Because only one blow in the district (located in
SW section 17, T19N, R70W) contains sedimentary
xenoliths, most (if not all) of the remaining pipes were
probably blind diatremes that never penetrated the
overlying Lower Paleozoic sedimentary cover. Based on
geological and mineralogical evidence, diatreme forma-
tion probably was initiated when the internal gas pres-
sures exceeded the lithostatic load pressure, a process
possibly augmented by migration and concentration of
fluid phases following the solidification of parts of the
dike complex. A rapid increase in the volume of the
fluid phases promoted sudden oversaturation within
the magma, resulting in explosive brecciation. The
eruption of a diatreme which penetrated the Devonian
or younger surface may have triggered a pressure drop
throughout much of the remaining complex (Smith,
1977).

Mineral geochemistry

Kimberlitic indicator minerals were extracted from
kimberlite and tested using geochemistry to determine
the probability of finding diamonds at Iron Mountain.
In particular, pyrope garnet, chromian diopside, chro-
mian enstatite, chromite, and picroilmenite are many
orders of magnitude more common than diamond in
kimberlite, and can be used to assess the diamond
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Wyoming State Geological Survey Report of Investigations 54, Plate 1
Lance Cook, State Geologist Location map of stream sediment

Laramie, Wyoming samples in part of the Rock River
1:100,000-scale Quadrangle

EXPLANATION

Visible gold and diamond-stability garnets in
addition to kimberlitic indicator minerals

Visible gold, sapphire, and diamond-stability garnets
in addition to kimberlitic indicator minerals

Includes some diamond-stability garnets in addition to
other kimberlitic indicator minerals

Visible gold and sapphire in addition to kimberlitic
indicator minerals

Sapphire in addition to kimberlitic indicator minerals

Visible gold in addition to kimberlitic indicator minerals

Visible gold - no kimberlitic indicator minerals

>100 kimberlitic indicator minerals

51-100 kimberlitic indicator minerals

21-50 kimberlitic indicator minerals

11-20 kimberlitic indicator minerals

6-10 kimberlitic indicator minerals

2-5 kimberlitic indicator minerals

1 kimberlitic indicator mineral

o No kimberlitic indicator minerals

Note: only a very small portion of indicator minerals have been
tested for geochemistry.
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Wyoming State Geological Survey
Lance Cook, State Geologist
Laramie, Wyoming

Report of Investigations 54, Plate 2
Location map of stream sediment
samples in part of the Laramie
1:100,000-scale Quadrangle

EXPLANATION

Visible gold - no kimberlitic indicator minerals

2-5 kimberlitic indicator minerals

1 kimberlitic indicator mineral

o
Q 6-10 kimberlitic indicator minerals
(<]

o

o

No kimberlitic indicator minerals

Note: only a very small portion of indicator minerals have been
tested for geochemistry.
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Wyoming State Geological Survey
Lance Cook, State Geologist
Laramie, Wyoming

Report of Investigations 54, Plate 3
Location map of stream sediment
samples in part of the Laramie Peak
1:100,000-scale Quadrangle

1 kimberlitic indicator mineral; question mark indicates
inconclusive identification

AB  Aquamarine beryl

PT Pink tourmaline

Amethyst

Fluorite

o No kimberlitic indicator minerals

Note: only a very small portion of indicator minerals have been
tested for geochemistry.
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2003
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