
 

 

Geologist Dr. Peter Modreski (US Geological Survey) will be in Tucson on 3 May to make two 
free presentations. We want to take this opportunity to invite those interested in geology, 
pegmatites, and diamond-bearing kimberlites to join us for one or both presentations. Peter is 
an outreach specialist with the USGS and hosts their display booth at the Tucson Gem and 
Mineral Show® each year.   

The first presentation is scheduled for noon at the US Geological Survey offices.  

TITLE: The Colorado-Wyoming State Line Diamond-Bearing Kimberlite District 
See the attached abstract for details of the talk.  

LOCATION:  USGS Environmental and Natural Resources Building at 520 North Park Avenue on 
the NE corner of Park Avenue and 6th Avenue.  It will be at the second floor conference room 
off the patio: Room 253, The Catalina Room.  People can bring their lunches. 

PARKING:  People should park in the 6th avenue parking garage about 200 feet East of ENRB. 
Entrances are on 6th street and Lowell Street (Lowell is 1 block north of 6th street off of 
Park.)  Parking fees are inexpensive.  

----------------  Evening presentation ----------------------- 

The second presentation is scheduled for 8:00 pm on 3 May at the Sheraton Hotel  

TITLE:  Pegmatites:  Mineralogy, Gemstones, Economic Geology, and maybe not quite the same 
Giant-Crystal Rocks you always thought they were 
See the attached abstract for talk details.  

LOCATION: Sheraton Hotel - 5151 E Grant Rd. (& Rosemont), Tucson 

TIME: Peter’s free presentation will begin at 8 p.m. (MST). You are welcome to join us for 
dinner at 7:00 p.m. Cost for dinner is $30 for AGS members, $33 for non-members. To register 
for dinner: http://www.arizonageologicalsoc.org/event-2176396  (Social hour begins at 6:00 pm) 

No registration is required for those solely attending Peter’s presentation.   

PARKING is free.  
 
 

http://www.arizonageologicalsoc.org/event-2176396


The Colorado-Wyoming State Line Diamond-Bearing Kimberlite District 

by Peter J. Modreski, U.S. Geological Survey, Lakewood, CO 

Abstract:  Kimberlite, the igneous rock from the Earth’s mantle that hosts most diamond 
deposits worldwide, was recognized in 1964 to be present in northern Colorado and adjacent 
Wyoming.  Some of the exposures had earlier been known and mapped simply as mafic igneous 
rock, associated with “outliers” of Paleozoic limestone (showing random, erratic orientations) 
within an otherwise granitic terrain. In fact, one of the pipes had been mined at the surface for 
ornamental stone, polished and used as terrazzo tiles for its attractive, fragmental texture. 
Diamonds were first reported from one of the pipes in 1975, and diamonds are now known to 
occur in most of the ~40 kimberlite pipes and dikes in the State Line district of Larimer County, 
Colorado, and Albany County, Wyoming. Depending on how one counts the individual pipes 
and dikes, many of occur in swarms or along linear trends, one can say that there are 100 or more 
separate exposures. Additional kimberlites, which however are not known to be diamond-
bearing, occur to the north in the Laramie Mountains of Wyoming (Iron Mountain district and 
adjacent areas), and to the south near Estes Park, Rocky Mountain National Park (Isolation Peak 
and Hayden Gorge kimberlites), and Boulder, Colorado (Green Mountain kimberlite pipe).  The 
State Line kimberlites include pipes (circular, elliptical, or elongate intrusions), dikes, and 
diatremes, including near-surface volcaniclastic/pyroclastic “crater-facies” fragmental material. 

The State Line kimberlites intrude 1.4 and 1.7 Ma Proterozoic granite, just off the southeastern 
edge of the ~2.7 Ga Archean Wyoming craton. Original age determinations showed Devonian 
ages, about 390 Ma, in agreement with the Cambrian through Devonian sedimentary xenoliths 
found in some of the pipes. The only Silurian-age rocks known from Colorado are fossiliferous 
limestone xenoliths found in the kimberlite pipes. More recent dating, however, has shown Late 
Proterozoic ages for several of the kimberlites (Chicken Park, ~615 Ma; Green Mountain, ~570 
Ma), so the region appears to have had multiple episodes of kimberlite emplacement. 

A related rock type, lamproite, occurs in the Leucite Hills of southwest Wyoming.  Lamproites 
host diamond deposits elsewhere in the world, include Western Australia and Prairie Creek 
(Crater of Diamonds), Arkansas.  The igneous rocks of the Leucite Hills are not diamond-
bearing, but a few diamonds have been reported from not far to the southwest at Cedar Mountain 
and vicinity in the Green River basin, Wyoming.  Igneous rocks with some affinities to 
kimberlite and lamproite are also known from several other localities in Colorado, Utah, 
Arizona, New Mexico, and adjacent states, but none are known to be diamond-bearing. 

The Sloan kimberlite in Colorado was mined on a trial basis in 1994 and some 9034 diamonds 
weighing a total of 342 carats were recovered from 3300 tons of rock excavated from a 614-foot 
adit.  The largest diamond recovered from the Sloan kimberlite was 5.14 carats, and was of 
partial gem quality.  A full-scale open pit diamond mine was operated from 1996-1998 at the 
Kelsey Lake kimberlite group, on the Colorado-Wyoming border.  During this mining two large 
diamonds were found, by coincidence 28.18 and 28.3 carats, both yellow, and were cut into 16.8 
and 5.39 carat faceted stones; the 16.8-carat stone is currently the largest faceted diamond in 
existence from North America.  Other diamonds found at Kelsey Lake have included stones of 
16.9, 14.2 (a colorless, gem quality octahedron), 11.85, 10.48, 9.4, and 6.2 carats, and many of 1 



carat or more in weight.  A total of over 15,000 carats of diamond is reported to have been 
produced. Mining has been inactive at Kelsey Lake since 1998. 

In addition to diamond itself, the classic kimberlite “indicator minerals” are found at all pipes in 
the State Line district; emerald-green chromian diopside (“chrome diopside”), pyrope garnet 
(typically red but ranging in color from orange to purple), and submetallic-black magnesian 
ilmenite.  Since these minerals were (along with diamond) plucked out of the mantle host rocks 
from which the kimberlites were derived, and did not crystallize from the kimberlite magma 
itself, the crystals are termed “megacrysts” (large crystals) or “xenocrysts” (foreign crystals); 
most have been rounded by abrasion or solution in the kimberlite pipes.  A pyrope megacryst 
exceeding 2 pounds in weight has been reported from the Schaffer kimberlite, Colorado, but 
most of the indicator minerals range from a few mm to a few cm in size.  Some pyrope from the 
Sloan kimberlite exhibits an alexandrite-like color change from red to green when observed in 
thin fragments.  Chrome diopside megacrysts as large as 9 cm have been observed in the Sloan 
kimberlite.  Flakes of brown phlogopite (magnesium-rich mica) are common. 

Xenoliths (“foreign rocks”) found in the kimberlites, typically as rounded nodules from several 
cm to a foot or more in size, include rocks from the mantle (garnet peridotite and eclogite) and 
the crust (granite, gneiss, schist, granulite, limestone, sandstone).  Olivine is a common mineral 
in the State Line kimberlites, but most grains are rounded and have been altered to serpentine 
minerals.  A wide variety of other minerals have been reported from the kimberlites, including 
megacrysts of other pyroxene group minerals, and various layer silicates, carbonates, and oxides 
as constituents of the groundmass of the kimberlites.  Reported minerals include antigorite, 
apatite, aragonite, barite, biotite, calcite, chlorite, chromite, diopside, dolomite, enstatite, 
graphite, hematite, ilmenite, iron, lizardite, magnetite, nickel, omphacite, perovskite, pyrite, 
rutile, sanidine, spinel, talc, xenotime, and zircon.  Many of these minerals, as well as coesite, 
corundum, pyrrhotite, pentlandite, periclase, acmite, richterite, hornblende, titanite, and 
wollastonite, have been reported as inclusions in diamonds from the district. 

A amusing coincidence is the existence of a previously named “Diamond Peak” (8668’, one of 
several in Colorado) right on the western edge of the State Line district, located not far from 
several of the kimberlite dikes. And as well, the site of the “Great 1872 Diamond Hoax” (also 
with its nearby Diamond Peak, 9545’) was in Moffat County in northwestern Colorado, some 
175 miles west of the actual State Line diamond fields. 

 



Peter M.  

‘Pegmatites:  Mineralogy, Gemstones, Economic Geology, and maybe not quite the same Giant-Crystal 
Rocks you always thought they were’  

Abstract:  Pegmatites are exceptionally coarse-grained igneous rocks, typically occurring as dikes or 
pods within igneous or metamorphic host rocks.  Some common definitions are that most grains are 
larger than 1 cm or 1 inch, but crystals can be huge, up to meters in size—feldspar crystals up to 35 feet 
in length have been described.  Granitic pegmatites are the most common, in which the typical minerals 
are quartz, microcline, albite, and micas, but pegmatites can occur in syenite and other types of igneous 
rock.  The classic description of pegmatites is that they form from unusually water-rich magma, which 
promotes the growth of large to “giant” crystals, and that they represent the last, highly fractionated 
portion of a granite pluton to crystallize.  Many “incompatible” chemical elements become concentrated 
in pegmatites, leading in some cases to economic concentrations of lithium (spodumene, lepidolite), 
beryllium (beryl), cesium (pollucite), tantalum and niobium (tantalite, microlite, columbite), tin, rare 
earths, uranium, and other metals.  The concentration of light elements (lithium, beryllium, boron, 
fluorine, phosphorus) in pegmatites, plus the water-enriched environment, sometimes results in the 
growth of gem minerals, especially tourmaline, beryl, and topaz. 

Granitic pegmatites can be classified as simple (unzoned) pegmatites, zoned pegmatites which 
typically have a quartz core surrounded by feldspar-rich shells, and complex pegmatites in which 
late-stage aqueous fluids have altered the primary minerals to produce metasomatic zones 
enriched in lithium or rare metals.  Chemically, pegmatites can be classed as NYF (niobium-
yttrium-fluorine) enriched, or LCT (lithium-cesium-tantalum) enriched.  The former are most 
often found in anorogenic or extensional environments and directly associated with granite 
plutons; the latter, at deeper levels in orogenic belts and emplaced within metamorphic host 
rocks.  The Pikes Peak batholith, Colorado, is a classic host of NYF-type pegmatites; examples 
of the LCT type include the Harding pegmatite, New Mexico and the White Picacho pegmatite 
district, Arizona. Famous pegmatite districts worldwide include San Diego County, CA; the 
Black Hills, SD; the White Mountains, NH; Minas Gerais, Brazil; Madagascar; and Pakistan-
Afghanistan. 

Although it was always tempting to conceive of the large or perfect crystals in pegmatites as 
forming by very slow cooling, recent experimental studies, especially the work of David London 
(Univ. of Oklahoma) and his students, have inclined toward the view that pegmatites may 
crystallize quite rapidly—in years or weeks (or days?) rather than in thousands or millions of 
years. As well, crystal growth in pegmatites is now being interpreted in terms of growth from a 
disequilibrium boundary layer enriched in incompatible elements. There is also much debate 
about which pegmatite magmas originate by partial melting, rather than fractional 
crystallization—that not all pegmatites have necessarily been derived from any “parent granite”. 
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