
0.33 m at the fault. Continuation of the 
1897 datum by means of the 1902 survey 
data indicates that uplift between 1897 
and 1914, averaging about 0.3 m, may 
have persisted northward as far as Mo- 
jave. Comparisons between the results 
of the 1914 and 1926 San Pedro to Mojave 
surveys suggest that the 1897/1902-1914 
uplift had partially collapsed by 1926 by 
amounts that increased more or less uni- 
formly northward to a maximum of 0.38 
m immediately south of the San Andreas 
and averaged about 0.3 m northward 
across the western Mojave block. The 
interval between the apparently aseismic 
1897/1902-1914 uplift and this seeming 
collapse is not known to have been 
associated with any significant seismic 
event other than the 1916 "Tejon Pass" 
earthquake, which was characterized by 
a relatively small seismic moment (6). 
Nevertheless, the 1897/1902-1914 up- 
lift differed significantly from that de- 
veloped during the 1959-74 interval in 
that it was much more clearly associated 
with the Transverse Ranges, and specif- 
ically the frontal fault system, than it 
was with the San Andreas. Moreover, 
although we may never be able to dem- 
onstrate the point conclusively, circum- 
stantial evidence argues that the 1897/ 
1902-1914 uplift was confined largely 
and perhaps exclusively to the Trans- 
verse Ranges, and that as much as 0.3 m 
of the uplift that occurred within the 
northern Transverse Ranges and the west- 
ern Mojave block is probably specious 
and attributable simply to systematic 
error in the 1914 leveling. 

Whether or not the described upift 
(Fig. 1) will continue to enlarge both 
laterally and vertically is problematic. A 
comparison with the seismicity of this 
region since 1932, and especially since 
1960 (7), shows that the area elevated 
above 0.15 m has remained virtually free 
of seismic activity west of the 117th me- 
ridian (except for the area north of Le- 
bec, which has continued to experience 
aftershock activity associated with the 
1952 Kern County earthquakes); this cor- 
relation between uplift and seismic quies- 
ence is particularly striking if the com- 
parison is restricted to earthquakes of 
magnitude 4 or larger. Hence, if it is 
assumed (i) that this uplift (Fig. I) is 
either a direct or an indirect effect of 
elastic strain accumulation; (ii) that arty 
future seismic activity will coincide 
roughly with the pattern of activity after 
1932; and (iii) that the presumably contin- 
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northwest, an area in which we lack 
appropriate geodetic control. Parentheti- 
cally, the southeast end of the uplifted 
area, near Cajon, coincides closely with 
the southeastern extent of reported sur- 
face rupturing associated with the great 
1857 earthquake on the San Andreas; the 
uplifted zone extends northwestward 
along the San Andreas at least two-thirds 
the length of the 1857 zone of surface 
breakage, which was traced as far as 
Cholame (8). 

Continued monitoring of the uplifted 
area is desirable not only to assess fur- 
ther growth of this feature, but to detect 
any reversals in movement as well. For 
example, comparisons between geodetic 
data developed within the epicentral re- 
gion both before and immediately after 
the 1971 San Fernando earthquake sug- 
gest a tilt reversal north of the epicenter 
that may have preceded the main shock 
(2). However, regardless of its desir- 
ability, detailed monitoring of this vast 
area by means of frequently repeated 
level surveys seems prohibitively costly. 
Alternatively, precise gravity surveys 
with a resolution of ? 6 to 9 /gal (equiva- 
lent to a free-air difference of 2 to 3 cm) 
are now considered feasible (9); com- 
bining these surveys with perhaps bian- 
nual releveling across the short axis of 
the uplifted area, so that each could be 
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Small diamond crystals have been rec- 
ognized in an altered garnet peridotite 
nodule from a kimberlite diatreme in 
southern Wyoming. This is one of a very 
few reported occurrences of diamond in 
a peridotite xenolith from a kimberlite 
intrusion. Dawson and Smith (1) have 
identified diamond in a mica-garnet 
Iherzolite from the Mothae kimberlite in 
northern Lesotho. Sobolev et al. (2) 
have found diamonds in five nodules of 
garnet serpentinite (altered garnet perido- 
tite) from the Aykhal kimberlite diatreme 
in Siberia. The Wyoming discovery is 
only the second authenticated occur- 
rence of diamonds from a kimberlite lo- 
cality in North America; the other occur- 
rence was in the Murfreesboro district of 
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continually checked against the other, 
might provide a relatively inexpensive 
yet highly reliable monitoring system. 
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Pike County, Arkansas, where diamonds 
were first found in 1906 and were recov- 
ered commercially until 1919 (3). 

The presence of diamond in the Wyo- 
ming nodule was first suspected when F. 
J. Nowacki and R. Jensen encountered 
difficulties in preparing thin sections at 
the U.S. Geological Survey in Denver, 
Colorado. They noticed deep scratches 
on a grinding plate and isolated a small 
white crystal (approximately I mm in 
diameter) as the source of the problem. 
X-ray diffraction analysis by T. Botinelly 
and B. F. Leonard (U.S. Geological Sur- 
vey), using a Gandolfi camera, con- 
firmed the diamond identification. Sub- 
sequent examination of the nodule re- 
vealed that three small diamonds were 
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Diamonds in an Upper Mantle Peridotite Nodule from 

Kimberlite in Southern Wyoming 
Abstract. Diamonds in a serpentinized garnet peridotite nodule from a diatreme in 

southern Wyoming are the first known occurrence in an upper mantle peridotite 
xenolith from a kimberlite intrusion in North America as well as the second 
authenticated occurrence of diamonds from kimberlite pipes in North America. The 
nodule is believed to have come from a section of depleted (partially melted) 
Iherzolite at a depth of 130 to 180 kilometers. 
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embedded in the rock, and additional 
small crystals were isolated when parts 
of the nodule were dissolved in hydro- 
fluoric acid. 

The diamonds range in diameter fromr 
0.1 to 1.0 mm except for one crystal 
cleaved along a (111) plane, which is 
approximately 1.0 by 1.5 mm on that 
surface. Although some of the crystals 
have rounded and hackly surfaces with 
only minor face development (or preser- 
vation), most crystals show at least some 
well-developed octahedral faces. These 
faces commonly are composed of super- 
imposed lamellae of progressively small- 
er sizes that produce a pronounced 
stepped or terraced appearance (Fig. 
1A). One crystal (approximately 0.2 mm) 
embedded in the surface of the nodule is 
a near-perfect octahedron, except for 
weakly developed, narrow, striated 
dodecahedral faces that probably formed 
by incipient lamellar buildup of octahe- 
dral faces (Fig. 1, B and C). Reentrant 
angles on some crystals infer twinning, 
which appears to be controlled by both 
(Il1) and interpenetrant twin laws. The 
coloration of the diamonds ranges from 
white to colorless and grayish black. The 
grayish black diamonds have surficial 
ridges of graphite along dodecahedral 
face striations; there are also graphite 
platelets within the crystals, probably an 
alteration along cleavage planes. 

'lhe diamond-bearing nodule (sample 
1117) is rounded and oblate and has the 
dimensions 9 by 11.5 by 12.5 cm. Al- 

though it has been intensely serpentin- 
ized and silicified, the original tabular 
texture Iterminology of Bouiller and Ni- 
colas (4)1 is well preserved. Also present 
ate narrow zones, interpreted to be 

Fig. 1. Photographs of diamond crystals trom 
serpentinized garnet lherzolite nodule 1117. 
(A) Scanning electron micrograph of lamellar 
buildup on octahedral faces. (B) Diad view of 
a simple octahedral diamond crystal showing 
weak development of narrow dodecahedral 
faces by incipient lamellar growth on (111) 
faces. (C) Tetrad view of the same diamond 
crystal. 

zones of shear, which have a porphyro- 
clastic to mosaic texture and which paral- 
lel the long dimensions of the nodule. 

Despite the alteration, the original min- 
eralogy of the nodule can also be recog- 
nized. Olivine and orthopyroxene, al- 
though completely serpentinized and re- 
placed locally by carbonate and quartz, 
can be recognized by grain outlines and 
by differences in serpentine fabric, the 
bastite after orthopyroxene reflecting 
pyroxene cleavage. Pseudomorphs after 
olivine and orthopyroxene are as long as 
0.5 cm. Clinopyroxene (chrome diop- 
side) is also completely replaced by ser- 

pentine, talc, and quartz, but the pseudo- 
morphed grains retain a characteristic 
green color as opposed to the yellow 
brown and pale brown of the altered 
olivine and orthopyroxene. Clinopyrox- 
ene (completely altered) is quite subordi- 
nate to olivine and orthopyroxene (less 
than 10 percent of the rock); it is concen- 
trated mainly in the zones of shear as 
recrystallized aggregates in stringers and 
porphyroclasts. Unaltered primary min- 
erals include garnet and the minor acces- 
sory chromite. The chromite is believed 
to be primary because unaltered nodules 
contain similar crystals (Table 1). The 
garnet occurs as rounded crystals that 
are as much as 3 mm in diameter; the 
chromite is generally highly irregular in 
shape and occupies interstitial sites. Al- 
so present are numerous small, irregular 
grains of Cu-Zn alloy and Ni metal as 
large as 1 mm in diameter. 

The diamond-bearing nodule is one of 
several hundred xenoliths collected from 
a group of kimberlite diatremes in south- 
ern Wyoming and northern Colorado 
that have been studied intermittently for 
several years (5, 6) and are tentatively 
established as Late Silurian or Early De- 
vonian. These xenoliths, most of which 
are less altered than sample 1117, have 
been considered to be inclusions of up- 
per mantle material in the enclosing kim- 
berlite (6) and have been used to con- 
struct a model of the upper mantle based 
on the chemistry of the coexisting miner- 
als of the xenoliths (Fig. 2). Probably 
long before kimberlite eruption, the 
mantle from the base of the crust (ap- 
proximately 50 km at present) to a depth 
of at least 180 km consisted of spinel and 
garnet lherzolite, which through epi- 

Talble 1. Chemical analyses of minerals from 
described by Finger and Hadidiacos (17). 

Oxide 
conrcen- 
tration 

TiO,2 
A120a 

FeC.() 
FeO 
MnO 
Mg() 
NiO 
CaO 
Na,0 
K2O 

lotals 

garnet lherzolite nodules. We carried out the analyses by electron microprobe, using methods 

Sample number* and mineral 

1117. 
garnet 

40.8 
0.09 

14.3 
12.3 

6.0 
0.38 

21,4 
0.00 
4.7 
0.03 
(0.00 
00.00 

I117, 
spinlel 

0.32 
0.30 
7.5 

61.1 
3.7 

11.3 
0.27 

14.2 
0.07 
0.01 
0.04 
0.00 

98.81 

1040, 
clino- 

pyroxene 

55.3 
0.26 
2.0 
2.3 

2.6 
0.11 

18.0 
0.01 

18.1 
1.73 
0.01 

100.42 

S2I 102, 
1040, 

S2 2 

1040t, clino- 
garnet 

pyroxene 

41.2 
0.6 

17.4 
7.4 

6.5 
0.38 

20.6 

5.7 
0.05 
0.00 

99.83 

54.7 
0.07 
1.9 
2.0 

2.3 
0.12 

17.3 
0.05 

19.7 
1.7 
0.00 

99.84 

S2, 102, S2L102, ot- 
garnet ortho- 

pyroxene 

41.5 
0.16 

19.5 
5.1 

7.2 
0.36 

20.7 
0.00 
5.2 
0.05 
0.00 

99.77 

57.4 
0.04 
0.7 
0.30 

4.8 
0.13 

35.8 
0.06 
0.53 
0.07 
0.00 

99.83 

S2L102, S2L102, 
olivine spinel 

41.0 
0.00 
0.02 
0.00 

8.1 
0.12 

50.7 
0.35 
0.04 
0.00 
0.00 

100.33 

0.14 
0.8 

11.8 
55.3 
3.1 

14.6 
0.31 

12.6 
0.00 
0.00 
0.00 
0.00 

98.65 

*Sample descriptions: sample 1117, serpentinized diamrond-bearing garnet peridotite nodule fromn Wyoming kimberlite pipe; sample 1040, serpentinized garnet per- 
idotite nodule (with unaltered clinopyroxene) from Wyoming kimberlite pipe; sample S21 102, unaltered garnet peridotite nodule from the Sloan 2 kimberlite pipe, 
Colorado. 
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sodes of partial melting was depleted of 
less refractory elements and enriched in 
more refractory elements, such as Mg 
and Cr (7). The Cr203 contents of the 
garnets are 4 to 15 percent (by weight) 
and of the diopsides are 1.0 to 2.5 per- 
cent. The Mg/(Mg + Fe) (atomic) ratios 
of the olivines are 0.90 to 0.93 and of the 
diopsides are 0.91 to 0.95. A group of 
large (> 1 cm) monomineralic mega- 
crysts of diopside, orthopyroxene, and 
garnet (the Cr-rich megacrysts, Fig. 2) 
have compositions similar to those of 
minerals of depleted lherzolites. 

On the basis of the abundance of unal- 
tered nodules, partially or completely 
altered nodules (like nodule 1117), and 
grains from disaggregated nodules (6), 
spinel or garnet lherzolite is believed to 
have been the principal upper mantle 
material, although other material was al- 
so present. Eclogite nodules are believed 
to have come from pockets within perido- 
tite (6); they are interesting for their 
chemical heterogeneity (6) and for a vari- 
able accessory assemblage, including 
kyanite, corundum, ilmenite, rutile, 
sphene, and orthoclase. A group of gar- 
net clinopyroxenites, garnet websterites, 
and garnet olivine websterites (webster- 
ite group) contains minerals that have a 
Mg/(Mg + Fe) content similar to that of 
depleted lherzolites but are relatively 
low in Cr.O3 content. Clinopyroxenes 
have a higher content of Na2O (6). A few 
peridotite nodules from one pipe contain 
lenses consisting of garnet and pyrox- 
enes having mineral chemistries similar 
to that of websterite. From this evi- 
dence, websterites are believed to have 
formed lenses within peridotite. Another 
major nodule group is Cr--poor mega- 
crysts of orthopyroxene, subcalcic diop- 
side, garnet, and ilmenite; this group is 
very similar to a megacryst group found 
in the Lesotho pipes (7). Lamellar inter- 
growths of subcalcic diopside and magne- 
sian ilmenite have been found in nearby 
kimberlite pipes at Iron Mountain, Wyo- 
ming (8). 

Equilibration temperatures and pres- 
sures of nodules containing two pyrox- 
enes and garnet (with or without olivine) 
are displayed in Fig. 2 [see (9, 10) for 
method of calculation]. Although the 
positions of these points can be changed 
by different data reduction or thermomet- 
ric-barometric grids (11, 12), both the gar- 
net websterite group points and the garnet 
Iherzolite (plus megacrysts) points fall 
near an independently derived shield geo- 
therm (13). From spinel peridotites and 
eclogites, only equilibration temper- 
atures can be obtained (9, 10). On the as- 
sumption (14) that spinel peridotites and 
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Fig. 2. Schematic model of the crust and mantle beneath the Front Range of Colorado and 
Wyoming in Devonian time, reconstructed from nodules in kimberlite pipes, and the inferred 
temperature distribution with depth. The shield geotherm was independently computed (13); 
equilibration temperatures and pressures plotted for particular nodules were calculated in this 
study. 

eclogites have equilibrated along the 
same geotherm, spinel peridotites are 
confined to depths of less than 65 km and 
eclogites to depths of 75 to 130 km. 

The textures of the peridotite nodules 
are variable. Unlike the model for the 
Lesotho nodules of Boyd (11), for these 
nodules there appears to be little correla- 
tion of deformation texture with depth. 
Porphyroclastic textures appear in nod- 
ules of the spinel peridotite and webster- 
ite groups from 60 to 90 km, although the 
bulk of these nodules have granular tex- 
tures. All the depleted garnet peridotite 
nodules that are sufficiently unaltered to 
permit an analysis of requisite minerals 
plot in a restricted depth range (150 to 
180 km); yet those nodules have textures 
ranging from granular to tabular to por- 
phyroclastic to, in a few samples, mosaic 
and fluidal mosaic (4). 

Although not all phases of the dia- 
mondiferous nodule 1117 have been pre- 
served, there is little doubt from pet- 
rographic examination (see above) and 
electron microprobe analyses of garnet 
and chromite (Table 1) that the nodule 
was a depleted garnet lherzolite. All 
oxide concentrations of the garnet fall 
within the ranges established for garnet 
lherzolites from these pipes (6). The 
equilibration conditions of the nodule 
cannot, of course, be calculated. How- 
ever, other peridotite nodules having Cr- 
rich garnet from the same pipe have 
clinopyroxene preserved (but no olivine 

or orthopyroxene). They give temper- 
atures of 1050? to 1 150?C, for which equil- 
ibration depths along the geotherm (Fig. 
2) are 130 to 180 km; an example is 
nodule 1040 (Table 1). Moreover, an 
unaltered lherzolite nodule (sample 
S2L102) from the Sloan 2 pipe, about 20 
km to the south, contains garnet similar 
to that in samples 1117 and 1040. Its 
garnet is not as Cr-rich as the garnet in 
sample 1117, but the nodule contains 
more chromite. Calculated equilibration 
conditions for sample S2L102 are 1060?C 
and 48 kbar. Thus, by analogy, the dia- 
mondiferous nodule 1117 may have 
equilibrated at 1050? to 1150?C and 40 to 
55 kbar (a depth of 130 to 180 km). 

The major phases of sample S2L102 
(Table 1) are remarkably similar chem- 
ically to those of diamond-bearing mica- 
garnet lherzolite nodule BD2125, de- 
scribed by Dawson and Smith (1), for 
which equilibration conditions of 1050?C 
and about 46 kbar were calculated (42 
kbar by the method used here). Garnet of 
nodule BD2125 contains 5.5 percent 
Cr203 as compared with 5.1 percent for 
sample S2L102. The MgO and CaO con- 
tents of garnets in peridotites S2L102, 
1117, and BD2125 are also similar. Gar- 
nets in the Aykhal diamondiferous ser- 
pentinites contain 4.9 to 14.1 percent 
Cr2O3 and 1.9 to 6.2 percent CaO (15); 
1.9 percent CaO is comparable to the 
CaO content of some garnet inclusions in 
diamond (2, 16). 
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On the basis of available chemical data, 
it would appear that all known diamondif- 
erous peridotites have come from deplet- 
ed sections of the upper mantle. As yet 
unanswered are the questions of whether 
the diamonds grew in the presence of 
melt during that depletion process and 
what relation such diamonds bear to the 
great majority of diamonds in kimberlite. 
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Host plants of some mono- and oligo- 
phagous insects contain high concentra- 
tions of toxic compounds that must be 
either detoxified metabolically or other- 
wise avoided by these feeding special- 
ists. While our understanding of insect 
detoxification of certain synthetic in- 
secticides is often quite detailed, a com- 

parable appreciation for naturally occur- 

ring defensive compounds is lacking. 
This deficiency will become increasingly 
important as humans continue to in- 

tensify their management of agricultural 
systems. 

Many plants synthesize and accumu- 
late large quantities of amino acid ana- 

logs (1, 2) that probably function as 

chemical barriers to the feeding activ- 

ity of phytophagous insects, rodents, 
and other herbivo-es (2--6). An example 
of such a compound is L-canava- 

nine, H,N-C(=NH)-NH-O-CH-CHC 2- 

CH(NH,)CO.H, the naturally occurring 

guanidinooxy structural analog of 

L-arginine. This amino acid is found in 

high concentrations in several leguminous 
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seeds, including tropical species of Cani- 
ravlia and Dioclea. where it can repre- 
sent 5 to 10 percent of the dry weight (5, 
7). In some species, arginyl-tRNA syn- 
thetase can esterify L-canavanine to argi- 
nine transfer RNA (tRNAAg), and this 
amino acid analog is readily incorpo- 
rated into the nascent polypeptide chain 
(8, 9). These canavanine-containing pro- 
teins, structurally altered, severely dis- 
rupt numerous reactions of DNA and 
RNA metabolism as well as protein syn- 
thesis (9, 10). In this report, we describe 
how a specialist insect deals with high 
concentrations of a naturally occurring 
toxic compound in its food. 

Canavanine feeding studies with the 
larvae of the tobacco hornworm, Man- 
dulca sexta (L.) (11); the southern cow- 
pea weevil, Callosobruchus maculatius 

(Fabricius) (6); the southern armyworm, 
Prodetnia eridania (Cramer) (4); and the 
boll weevil, Anthonotmuts g,ranldis Bohe- 
man (12) have demonstrated the potent 
insecticidal qualities of this amino acid 
analog. In contrast, larvae of the bru- 
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Manduca 5 4,442,500 166,020 158,950 156,570 3.5 
sexta 

Caryedes 33 948,750 3,510 2,475 Trace None 
brasiliensis 
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A Novel Means for Dealing with L-Canavanine, 
a Toxic Metabolite 

Abstract. L-Canavanine is a highly toxic L-arginine analog found in some legumi- 
nous seeds. Larvae of the bruchid beetle Caryedes brasiliensis, collected in Costa 

Rica, subsist solely on tissues of the mature seed of Dioclea megacarpa, which con- 
tains more than 8 percent t-canavanine by d'r weight. The arginyl-tRNA synthetase 
of the bruchid beetle larvae discriminates between L-arginine and L-canavanine, and 

canavanyl proteins are not synthesized. In this way, bruchid beetle larvae avoid an 

adverse biochemical effect of L-canavanine. 
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