






















asperities develop on ribbing and on octahedral surfaces. 
They are usually triangular on octahedral surfaces, but can 
also be grossly irregular (Robinson, 1979). For 
microdiamond populations, the latter case predominates 
(Fig.6c-t). All of these features are products of resaption, 
and varying degrees of their development are reflected on 
octahedral microdiamonds. Initial stages of development of 
these features are shown in Figure 6a-c, whereas in 
Figures 6d-f they are the most prevalent features. In Figure 
6d and e, large knob-like asperities dominate all of the 
surfaces, and the diamond microstructure is revealed in their 
edges(Fig. 6t). 

These features dominate in all of the lamproite 
microdiamond samples. Ninety-eight percent of the 
octahedra and 66% of the as-fragments exhibit one or 
several of these features (Table 6). The remaining one-third 
of the as-fragments exhibit triangular plate edges, an 
octahedral growth feature. 

Robinson (1979) noted that these surface features are 
rare, and are present mainly on diamonds from eclogite 
xenoliths. Non-uniform resorption, also a feature of 
xenocrystic diamonds is present on an octahedron and an 
octahedral aggregate from the rotary test sample (Fig. 6g). 
The strong similarity of these diamonds to diamonds from 
xenoliths suggests a xenocryst origin for the Arkansas 
lamproite microdiamonds. Based on similar fmns and 
surface features, the octahedra from Twin Knobs# 1 are also 
considered to be from xenoliths. 

INCLUSIONS IN PRAIRIE CREEK 
MACRODIAMONDS 

Previous studies of inclusions in 13 Prairie Creek 
diamonds are summarized in Table 7. Most of the 
inclusions represent peridotitic P-type (enstatite, olivine, 
Cr-pyrope, chrome diopside, chromite) and eclogitic E-type 
(pyrope-almandine garnet) parageneses (Newton et al., 
1977; Pantaleo et al., 1979). Sulfides and magnesite were 
believed to be present based on Ni-Fe and MgO + 
magnetite residues which remained after burning the 
diamonds to retrieve the inclusions (Newton et al., 1977; 
Pantaleo et al., 1979). Also reported are magnetite, 
amorphous C-Fe-Ni-S, diamond, and an Fe-Ti-Zn-K­
bearing aluminosilicate (Pantaleo et al., 1979). At the time 
of their discovery, these inclusions were unique but have 
since been confirmed with the discovery of magnetite, 
ferro-periclase, and dolomite in diamonds elsewhere (Meyer, 
1986; Gurney, 1989; Otter, 1989; Moore and Gurney, 
1989; Hill, 1989). Enttapped gases were reported in eight 
diamonds (Melton and Giardini, 1975; Giardini and Melton, 
1975a,b), and an estimated age of3.1 Ga was established 
for a 6.3 cL diamond based on argon isotopes (Melton and 
Giardini, 1980; Table 7). The presence of gas (i.e., fluid) 
inclusions in diamond remain in question (Roedder, 1984; 
Harris and Gurney, 1979; Navon et al., 1986). Giardini and 
Melton (1975a) reported that gases in the 2.06 and 1.53 ct. 
diamonds were contained in etched cavities, some of which 
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Table 7. Physical features of Prairie Creek diamonds 
and their inclusions from this study and from Melton 
and Giardini (1975), Giardini and Melton (1975a,b, 1980), 
Newton et al., (1977, and Pantaleo et al., (1979). 

Carats Shane Color lnclusions[ll __ 
minerals confmned by XRD or microanalysis 

0.36 irregular tan cd+en+olv[3] 
0.43 hexoctahedron[2] pale yellow en+olv+S 
0.45 elongate colorless pa-gt 
0.50 tetrahexahedroid colorless en+pyr+olv+S 
0.62 tetrahexahedroid colorless di+en+mgt[4] 

thjs StudY . 
0.15 irregular white psb(?) 
0.15 tetrahexahedroid white mgt 
0.51 tetrahexahedroid off white olv 

major iases determined by mass spectrQmetr:y 
0.37 - brown H20>H2>C02 
0.43 -- colorless H20>H2>C02 
0.54 -- pale yellow H20>C02>H2 
0.76 colorless H2>H20>C02 
0.89 fragment colorless H20>N2>C02 

>H2[5] 

1.53 rounded[2] colorless N2>C02>H20 
>H2 

2.06 rounded[2] pale yellow C02>H20>H2 
>N2 

6.30 hexoctahedron[2] light tan H2,H20,C02. 

--------------1...3N.L.<?.u:;Arlo!.[61 __ 
[1] en = enstatite, olv = olivine, S = sulfides, pa-gt = 
pyrope-almandine garnet, pyr = pyrope, di = diamond. 
mgt = magnetite, psb = pseudobrookite, il = ilmenite, 
cd = chrome diopside; inclusions without identification 
are listed by elements present; [2lmorphology used in 
original studies; not conformable to Robinson (1979). 
[3la Ti-Fe-Zn-K bearing aluminosilicate also reported. 
[4lenstatite+magnetite are in a fluffy mass in this 
diamond. [51 a C-Fe-Ni-S mass also reported in this 
diamond. [6lestimated age at 3.1 Ga using argon isotopes 

are identical to the pitted hemispherical cavities described in 
this study and shown in Figure 4. These features on Prairie 
Creek diamonds may therefore result from exposure and 
removal of contained fluids during resorption, although 
inclusions of this type were never observed. 

In this study, mineral inclusions WeJ:e visually located 
and extracted by cracking the diamond. These diamonds 
were well below the size range of previous inclusion 
studies of Arkansas diamonds (0.06-3.21 cts., ave. 0.31 ct.; 
Table 7). Sffiall size and translucent low-relief surfaces 

by resorption made locating and identifying clear 



inclusions extremely difficult Twenty-three inclusions 
from 10 diamonds were extracted; most are graphite along 
planes <r in masses as described by Pantaleo and others 
(1979). Two opaque inclusions exhibiting crystal faces are 
identified as magnetite and pseudobrookite (Table 7 ,8). 
Magnetite has been reported in diamonds from kimberlites 
worldwide but is extremely rare (Meyer, 1986; Gmney, 
1989). Meyer and McCallum (1986) and Otter (1989) 
consider titano-magnetites from Sloan diamonds to be 
epigenetic. Nearly pure magnetite found by Otter (1989) in 
a Sloan diamond is possibly syngenetic, although 
magnetite was also present on the diamond surface. The 
magnetite from Prairie Creek is nearly identical to the 
syngenetic magnetite reported by Otter (Table 8). There 
were no cracks or other minenll.s on the surface of the 
Prairie Creek diamond and the magnetite is considered 
syngenetic. Magnetite t.as an unknown paragenesis 
(Gurney, 1989), and occurs with native iron and sulfides in 
diamond from the Mir kimberlite (Sobolev et al., 1981). 
The pseudobrookite is r.earer to an Fe-rich kennedyite in 
composition, with 61.0 WL% Ti02 (von Knorring and 
Cox, 1961; Table 8). ll is higbee in Ti02 than ilmenite 
inclusions reported from diamonds elsewb~ (Table 8). The 
Fe-rich kennedyite inclusion is from the badly etched 
diamond of Figure 4c, a,td is not considered primary. One 
P-type olivine inclusion was partially liberated from a gem 
quality white stone (Table 8). It is forsterite (F093), 
similar to olivine previously reported in Prairie Creek 
diamonds (Fo92; Newton et al., 1977; Pantaleo et al., 
1979). 

Several opaque inclusions from diamonds PC37 and 
PC39 disintegrated when placed in the epoxy mounting 
medium. Wavelength dispersive microprobe scans of the 
material revealed no maj<r element peaks but carbon. One 
inclusion roughly 200 microns in size was examined by 
SEM and found to consist of nmnc:rous subhedral to · 
anhedral crystals of hexagonal habit averaging 5-10 
microns in diameter which are believed to be graphite 
(Fig. Se,f). Graphite on glide planes in Prairie Creek 
diamonds is commonly platy in habit, and is much smaller 
than the graphite aggregates (Fig. Sg,h). Robinson (1979) 
noted graphite aggregates coating the swface of diamond in 
an eclogite xenolith, which are similar in size and 
appearance to the inclusions noted here, and he considered 
them to be the product of graphitization of diamond. The 
aggregates in Prairie Creek diamonds did not appear to be 
connected to the smface by cracks, and could represent 
entrapment of metastable graphite during crystallization of 
the diamond near the graphite/diamond stability region. 

CARBON ISOTOPES 

Macrodiamonds 

Twenty-one macrodiamonds from Prairie Creek were 
analyzed for carbon isotopes. The diamonds were broken, 
and fragments 0.05-0.75 mg in mass were combusted to 

Table 8. Microprobe analyses of magnetite, 
pseudobrookite(?) and olivine from Prairie Creek 
macrodiamonds, compared to inclusions from 
Sloan, Argyle, and other Prairie Creek diamonds. 

Si02 

Prairie Creek 
magnetite 
PC13-1 

Ti02 0.11 
Al203 0.13 
C1203 
FeO* 95.8 
MnO 0.26 
MgO 
CaO 
TOTAL 96.3 

Si02 
Ti02 
Al203 
C1203 
FeO* 
MnO 
MgO 
CaO 
TOTAL 

Si02 
Ti02 
Al203 
C1203 
FeO* 
MnO 
MgO 
CaO 

Prairie Creek 
pseudobrookite 

PC54b-2 
0.23 

61.0 
0.54 

0.12 
33.1 
1.41 
0.80 

97.2 
This study 
olivine 
PC40-1 
36.7 

7.42 
0.19 

54.3 

Sloan magnetite[ll 
syngenetic? epigenetic 

SL 45-6 SL...2 
0.05 

20.8 
8.14 
0.61 

93.2 51.0 
0.18 0.69 

15.9 

93.5 97.2 

kennedyite[2] 
ARl 

60.3 
2.15 
0.37 

27.9 
0.07 
6.45 

Argylet[3] 

ilmenite 
AID 
0.03 
51.8 

46.6 
0.68 
0.47 
0.04 

97.2 99.7 
Pantaleo et al., 1979 
olivine olivine 
0.50 ct. 0.43 ct. 
40.1 40.3 

8.3 7.8 

51.1 51.3 

TOTAL 98.6 99.5 99.4 

--not detected; *all Fe as FeO; to.05 % Zr0:2. also 
presemJ1] Otter, 1989; [2]Jaques et al., 1989; [3lvon 
Knorring and Cox, 1961). 

C02 in purified oxygen by resistance heating in a platinum 
crucible after the method described by Deines et al, (1984). 
Measured yields were generally within 2% of calculated 
yields. The C02 gas was analyzed on a VG Micromass 
602E mass spectrometer. Results are reported as S 13c in 
per mil (%o) relative to PDB. Standarc!s for the combustion 
line and mass spectrometer show combined reproducibility 
within 0.3 %o (2o). Macrodiamonds from Twin Knobs #1 



Table 9. Carbon isotope data for Prairie Creek 
macrodfamonds. Diamonds with two values are 
for interior and rim, respectively. 

Sii!IU21~ ~Be CD:sial sbm2~ QllQr ~ 
PC13 -4.4 elongate thh white 0.15 
PC17 -5.7,-5.6 elongate thh yellow 0.15 
PC20 -4.2 thh brown 0.75 
PC23 -10.6 macle thh off white 0.36 
PC25 -4.7,-4.6 broken thh brown 0.57 
PC26 -5.2 thh off white 0.57 
PC27a* -3.8 broken thh off white 0.21 
PC27b -6.1 broken thh white 0.18 
PC29* -~ .5 flattened thh brown 0.30 
PC35 -4.7,-5.2 distorted thh off white 0.21 
PC36 -4.2 flattened thh offwhite 0.18 
PC37 -3.9 elongate thh yellow 0.15 
PC38 -5.3 irregular yellow 0.24 
PC39 -5.1,-5.2 thh white 0.09 
PC40 -3.9 flattened thh off white 0.51 
PC48 -6.2 elongate thh white 0.29 
PC50a -3.8 thh fragment white 0.33 
PC50b -4.6,-3.7 broken thh white 0.24 
PC53b -10.3,-10.6 broken thh brown 0.09 
PC 54 a* -3.0,-3.2 irregular (cube?) off white 0.15 
~C~412* -4,2,-4.~ lbb wbil!< Q,06 
*S~ FiKW:~ 4, 

were not available for carbon isotope analysis. Results are 
compiled in Table 9. 

Nineteen diamonds range from -3.00 to -6.2 %o (ave. -4.7 
%o) and two yield values of -10.26 and -10.60 %o (ave. -
10.5 %o; Table 9). These values are consistent with 
primordial mantle carbon (-1 to -10%o; ave. -6 %o), and are 
similar to values for diamonds with peridotitic mineral 
inclusions (Deines, 1980; Kirkley et al., 1991). This 
suggests that the Prairie Creek macrodiamonds may have a 
P-type origin, which is further supported by a peridotitic 
olivine inclusion (FQ93) in one diamond with s13c=-3.9 
%o. A negative distribution from the mean is similar to 
that predicted for diamond fonnation by Rayleigh 
fractionation from CI4 (Fig. 7; Deines, 1980; Kirkley et 
al., 1991). This suggests that the Prairie Creek diamonds 
could have been produced from primordial mantle carbon 
through fractionation. However, recent carbon isotope 
analyses of diamonds in eclogite xenoliths have similar 
s13c values. Only 5 of the 45 diamonds from eclogite 

xenoliths analyzed by Deines et al., (1991) have s13c 
values outside the primordial carbon range. In the absence 
of diagnostic inclusion data, an E-type source for some of 
the diamonds cannot be discounted. No correlation between 
isotopic character and color or morphology was noted. 

Eight stones had internal and external portions analyzed, 
and within-diamond variations are from 0.07-0.54 %o. Most 
heterogeneity falls within experimental reproducibility 
except for four diamonds. PC50b and PCS4b have similar 
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Figure 7. Carbon isotope compositions of Prairie Creek 
macrodiamonds and microdiamonds from Murfreesboro 
lamproites. 

internal values of -4.6 and -4.9, but externally are 13c­
enriched by 0.4 and 0.9 %o, respectively. PC35 and PC53b 
with s13c values of -4.66 and -10.3 have only slightly 
lighter external values of -5.2 and -10.6 %a respectively. 
Externally 13c-enriched and depleted diamonds have also 
been found at other localities (Otter, 1989), and within 
single diamonds (Wilding, 1990). The diamonds with 
magnetite and pseudobrookite inclusions have st3c 
values of -5.1 and -4.7 %o, respectively. 

Microdiamonds 

Ten microdiamonds were analyzed for carbon isotopes, 
five from Prairie Creek, one each from Twin Knobs #2 and 
American, two from Black Lick, and one from the rotary 
test sample (Table 10). Three Prairie Creek microdiamonds 
are similar to Prairie Creek macrodiamonds (-4.2, -4.5, -6.2 
%o) and imply a similar paragenesis (Fig. 7). One Prairie 
Creek microdiamond is heavier at -0.46 %o. The American 
and Twin Knobs #2 microdiamonds are also similar to 
Prairie Creek (-3.18, -2.20 %o), as are two Black Lick 
microdiamonds (-4.0,-7.8 %o). This suggests that the 
microdiamonds and macrodiamonds formed from a similar 
carbon reservoir. An eclogitic origin is probable for two 
microdiamonds with s13c values of -252 and -26.1 %o, 
one of which exhibits non-uniform resorption (Fig. 6g,h). 
These 13c-depleted microdiamonds are from Prairie Creek 
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Table 10. Carbon isotope data for microdi3Jl19nds from 
Arkansas larnproites. Shape refers to either a Single 
crystal, macle twin, or aggregate (aggre.) octahedron. 
Mass is in milligrams (1 rng = 0.005 cts.). 

Sample location 
46-2 Prairie Creek Kb 
49-1 Prairie Creek Kb 
55-1* Prairie Creek Kb 
56-1* Prairie Creek Kbfg 
57-1 Prairie Creek Kb 
35-2 American South 
38-1* Black Lick 
38-2 BJ.&ICk Lick 
37-1 Twin Knobs #2 
40-1 rotary test sample 
•see Firure 6. 

~~ 
macle 0.03 
single 0.11 
single 0.03 
macle 0.44 
single 0.23 
macle 0.09 
aggre. 0.10 
macle 0.95 
macle 0.03 
sinKie 0.60 

o_13~ 
-0.5 
-4.2 
-6.2 

-26.1 
-4.5 
-3.2 

-25.2 
-7.8 
-2.2 
-4.0 

and Black Lick and could not have formed from primordial 
mantle carbon by simple fractionation. They are most 
similar to diamonds from eclogitic sources (Kirkley et al., 
1991). 

DISCUSSION - DIAMOND SOURCE, 
GENESIS, AND RESORPTION 
HISTORY 

Regional .variations in primary diaritood color are noted 
for kimberlite provinces in southern Africa (Robinson et 
al., 1989), and m:1y apply to North America as well. 
Yellow diamonds comprise 16-22% of the population at 
Prairie Creek, in conttast to Sloan, Colorado diamonds 
where <1% are yellow (Otter, 1989). Brown color in 
diamonds is attributed to graphitization coupled with 
defonnation, possibly during conduit fonnation for 
lamproitic or kimberlitic magma (Robinson et al., 1989). 
Brown diamonds dominate in the Ellendale and Argyle 
lamproites (Hall and Smith, 1984), but make up less than 
half the colors observed at Prairie Creek. Lamproitic 
magmas therefore do not have a greater tendency to produce 
brown diamonds. More white than brown diamonds exhibit 
lamination lines at Prairie Creek, which indicates that 
some deformation took place without graphitization, 
presumably before generation of the lamproite magma 
Diamonds with lamination lines had to be enclosed in a 
solid medium during defonnation, and are probably from 
mantle peridotite or eclogite which experienced deformation 
prior to entrainment into the ascending magma (Orlov, 
1977; Robinson, 1979). 

Both octahedra and cubes were present as growth forms 
in the mantle. With respect to resorbed forms, 
tettahexahedroida completely dominate over octahedra at 
Prairie Creek. The same is true for diamonds from the 
Ellendale 4 and 9lamproites (Hall and Smith, 1984; Jaques 
et al., 1986), .and the similarities may be more than 

coincidental. To answer the question posed by Hall and 
Smith (1984); with respect to intensity and/or duration of 
resorption, lamproitic diamonds am different Diamond 
populations comprised almost entirely of tetrahexahedroida 
with low relief surfaces may be unique to some lamproites 
such as Prairie Creek and Ellendale 4 and 9. Low relief 
surfaces fonn on diamond at T> 950°C by C02 in the 
presence of water (Robinson, 1979). Higher H20/C02 
ratios, coupled with higher temperatures for lamproi · 
magmas (Bergman, 1987), may a~ount for the extrem'e 
resorption observed on Prairie Creek and Ellendale diamonds. - -o;r -

. At ftairie Creek only i.x diamon with diagnostic 
mclus1ons have been documented; five con,~ P-~ and 
one contains E-type inclusions. This number is insufficient 
to state whir.h paragenesis is more common. Oxidizing 
conditions were present during fonnation of some diamonds 
as indicated by the presence of magnetite in one diamond. 
The carbon isotope values for Prairie ~k diamonds are 
consistent with derivation from primordial mantle carbon. 
Diamonds with peridotitic mir.eral inclusions show a 
similar distribution, and a P-type olivine inclusion (F093) 
in one diamond with o1Sc=-3 .90 %oindicates a peridotitic 
source. A negative distribution from the mean is similar to 
that predicted for diamond formation by Rayleigh 
fractionation from CH4 (Deines, 1980; Kirkley et al., 
1991), although recent carbon isotope analyses of diamon 
in eclogite xenoliths have revealed similar o13c values 
(Deines et al., 1991). In the absence of confirmatory 
inclusion d2ta, either a P-type or E-type paragenesis is 
INJSSible. • 

Gas (i.e .. fluid) inclusions in diamonds reported in 
previous studies were not conflnned in the present study 
and remain enigmatic. The cavities reported by Giardini 
Melton (1975a) to contain gases are identical to the pitted 
cavities observed in this study. These features are unique to 
Prairie Creek (Robinson, 1979), and are present on 42% of 
the diamonds. The possibility that these "Cavities once 
contained fluids which were removed during resorption 
cannot be discounted. 

The overwhelming majority of microdiamonds from the 
Murfreesboro lamproites are octahedra or fragments with 
octahedral surfaces. Serrate laminae, INJinted plates, knob­
like asperities, and ribbing dominate and are xenocrystic 
surface features. Non-unifonn resorption is also present on 
a single octahedron and an octahedral aggregate 
microdiamond.. These xenocrystic features stongly support 
a xenolith origin for the microdiamonds. The dichotomy of 
macro- and microdiamond fonns is not unique to Prairie 
Creek; microdiamond octahedra are also common at 
Ellendale, Argyle (Jaques et al., 1986; 1991), Sloan 
(McCandless, 1989), and Premier (Tolansky, 1973). 

Carbon isotope values for most microdiamonds are 
similar to the Prairie Creek macrodiamonds and imply a 
similar paragenesis. An eclogitic origin is indicated for 
one Prairie Creek macle with o13c=-25.19 and an 
octahedral aggregate from Black Lick with o13C=-26.06 
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Figure 8. A model to explain the preservation of xenocryst microdiamonds in a resorbing magina. An idealized cross­
section to the asthenosph is shown, with regions of diamond-bearing eclogite below -120 km. Oq, the-right is a 
representative block of diamond eclogite, containing sharp-edged octahedra. This block is tracked in its ascent to the 
surface at times 1,2, and 3. See text for discussion. 

%o, the latter exhibiting non-uniform resorption (Fig. 
6g,h). These 13c-depleted microdiamonds could not have 
fmned from primmlial mantle carbon by simple 
fractionation, and are most similar to diamonds from 
eclogitic sources. 

The 17 diamonds from Twin Knobs# 1 recovered during 
bulk testing are within the size range of microdiamonds; 
total weight of all the stones is less than an average Prairie 
Creek macrodiamond. Serrate laminae, pointed plates and 
knob-like asperities are common surface features on the 
octahedra, which suggests that they are derived from 
xenoliths. Non-unform resorption is also present and 
requires a xenolith origin for some of the diamonds. Some 
of the Twin Knobs # 1 diamonds were small enough to be 
shielded from resorption in the lamproitic magma by 
residing in xenolith fragments during the resorption process 
(McCandless, 1989). 

A model to explain the morphological differences 
between macro- and microdiamonds is presented in Figure 
8. The model uses diamond-bearing eclogite, but the 

process applies to either peridotite or eclogite. At time 1, 
the diamond-bearing elcogite is sampled by the ascending 
magma, and at time 2 the eclogite reacts and begins to 
disaggregate. Only small degrees of disaggregation expose 
the macrodiamonds, and the smaller macrodiamonds are 
rescxbed m<re rapidly due to greater surface area/volume 
ratios. Microdiamonds, with much higher surface 
area/volume ratios, are completely eliminated upon 
exposure. As disaggregation and resorption proceed, 
remnants of the eclogite become increasingly smaller. Only 
the microdiamonds which remain encapsulated Q1 these 
xenolith remnants are unaffected. At time 3 resorption has 
ended and the diamonds represent what is sampled at the 
surface of the earth; macrodiamonds showing greater 
abundance of resorbed foons with decreasing size, and 
unresorbed miaodiamonds (McCandless, 1989). 

Size and color are economically important genetic 
features. The common observation is that worldwide, the 
best diamonds are found well within stable Archean cratons 
(Gurney, 1989). At Prairie Creek, diamonds of up to 40 ~ 

/ 
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carats occur, whereas diamonds of less than 3 carats 
maximum are found in the Colorado-Wyoming kimberlites 
(Otter, 1989; McCallum and Waldman, 1991). The 
differences in size and quality between these two localities 
the inverse of that expected, given their crustal settings. 
The Colorado-Wyoming kimberlites are emplaced through 
1.8-2.0 Ga crust near the boundary of the Archean nucleus, 
and apparently penetrate Archean lithosphere (Eggler et al., 
1989}, whereas Prairie Creek resides near the craton edge in 
crust less than 1.4 Ga old (Bickford et al., 1986). It has 
been noted that the Argyle lamproite, with a diamond 
mmphology and nitrogen aggregation state different from 
Ellendale, sampled an off-craton diamond source possibly 
associated with Proterozoic continental fragmentation 
(Taylor et al., 1990). In this regard the Murfreesboro 
lamproites appear to share a similar but younger tectonic 
history (Ross and Scotese, 1988), although recent work 
suggests that Prairie Creek may be derived from refractory 
subcontinental lithosphere as old as 2.2 Ga (Lambert et al., 

1991). Further inclusion, isotope, and nitrogen aggregation 
studies of diamonds from the Murfreesboro lamproites may 
help to unravel the genesis of these diamonds relative to 
their present tectonic setting. 
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