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Introduction:  Organic matter recovered from 

mantle-derived basalt and from peralkaline granite is 

reported by several authors [1, 2, 3, 4].  Solvent-

soluble constituents of igneous rocks are identified as 

hydrocarbons (including n-alkanes, cycloalkanes, and 

isoprenoid alkanes) similar to hydrocarbons detected in 

meteorites and intraplanetary dust particles [5, 6, 7]. 

Origin of organic materials in igneous rocks and mete-

orites remains enigmatic, because concentrations are 

low and contamination from atmospheric and surface 

constituents is not easily differentiated from in situ 

constituents. Consequently, both the subsurface plane-

tary inventory and the surface flux of abiotically syn-

thesized organic matter are notoriously difficult to es-

timate.  We present preliminary results concerning 

calibration of organic contamination in mantle xeno-

liths samples from natural outcrops. 

Geological Setting and Sample Collection: Man-

tle xenoliths were collected from the Rio Puerco Vol-

canic Field (RPVF) located about 80 kilometers west 

of Albuquerque, New Mexico. RPVF contains multiple 

volcanic plugs exposed within the Jemez Lineament, a 

prominent alignment of Cenozoic volcanic fields. Sol-

vent-soluble organic compounds were extracted from 

two types of mantle xenoliths: fresh spinel lherzolite 

from Cerro Negro plug and weathered websterite from 

Cerrito Negro plug. Soil samples were collected adject 

to each plug in order to characterize common contami-

nants available for migration during water infiltration, 

volatilization, and other weathering processes influenc-

ing these volcanic rocks.  Rock and soil samples were 

excavated with a clean geological pick and immedi-

ately wrapped in multiple layers of heat-cleaned alumi-

num foil (500
o
C for 8 hours) to minimize contamina-

tion from skin, plastic, paper, or cloth. 

Materials and Methods for Solvent Extraction: 

Glassware used for extraction was heat-cleaned as de-

scribed for aluminum foil.  All metal tools and screens 

were cleaned by repeated washing with solvent 

(methanol and dichloromethane). After testing several 

grades of solvent for purity, we selected GC Resolv 

Dichloromethane from Fisher and HPCL Methanol 

from J.T. Baker for use in this study. Dichloro-

methane/methanol was used for extraction.  Soil sam-

ples were extracted as unprocessed bulk material.  

Xenolith samples were solvent extracted in three se-

quential steps as follow: 

1) Bulk intact sampes of lherzolite (about 10.5 cm × 16 

cm) and websterite (about 12.5 cm × 10.5 cm) were 

transferred to a glass beaker containing 800 ml of 3:1 

solvent (dichloromethane/methanol) and allowed to 

leach for 1 hour.  Solvent extract was decanted, heat-

cleaned aluminum foil was tented over the beaker, and 

xenolith fragments were left in the beaker to dry. Leach 

extracts were transferred to a glass flask and reduced in 

volume to 2 ml using a Rotavap system.  Concentrated 

extracts were stored in glass-stoppered glass flasks. 

2) After drying, bulk samples were broken into coarse 

fragments (about 2 cm by 2 cm) using a steel hammer.  

Fresly fractured inner parts of each xenolith were 

picked-up using metal forcepts and dipped for about 5 

seconds in a glass beaker containing 300 ml of 9:1 sol-

vent (dichloromethane/methanol). Rapid-leach extracts 

were immediately transferred to a glass flask and re-

duced in volume to 2 ml using a Rotavap system.  Con-

centrated extracts were stored in glass-stoppered glass 

flasks. 

3) After drying in a tent of aluminum foil at room tem-

perature, interior xenolith fragments were powdered 

using a SPEX 8000 mixer mill with hardened-steel cup.  

Using a glass Soxhlet apparatus, 100 g of sample were 

extracted with 300 ml of solvent (9:1) for 48 hours. 

Soils samples consisted mostly of fine-grained 

sandy material for both Cerro Negro and Cerrito Ne-

gro. Using a glass Soxhlet apparatus, 40 g of unproc-

essed soil were extracted with 300 ml of 9:1 solvent for 

48 hours. Soil extracts were concentrated and stored as 

described for xenolith extracts. 

Concentrated extracts were reduced in volume but 

not taken to dryness and were placed in 50 µl of 

nanograde hexane from Mallinckrodt Company. Com-

pound detection was performed using an Agilent 

6890N gas chromatograph. On-column injection was 

coupled to a HP-5 capilary column (30 m × 0.32 mm × 

0.25 µl) and injection volume was 1 µl. Oven tempera-

ture was initially isothermal at 60°C and then increased 

at 4°C/min to 320
o
C and kept isothermal for 40 min-

utes. 

Materials and Methods for Porosity Determina-

tions: Effective porosity in xenoliths samples was de-

termined using impregnation by kerosene under vac-

uum. Initially, xenolith fragments were dried at room 

temperature. Samples weighted from 6.05 to 66.66 g 

(dry weight). Samples were then transferred to a vac-
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uum dessicator, pumped down for 3 hours, and main-

tained at 10
-1
 torr for 3 hours. Kerosene was added to 

the dessicator under vacuum and xenoliths were sub-

merged in kerosene under static vacuum for 12 hours. 

The dessicator was pumped again and maintained at 

10
-1
 torr for 3 hours to enhance infiltration of kerosene. 

Impregnated samples were placed in a preweighted 

kerosene-filled container and weighted. Subsequently, 

samples were dried with absorbent paper and re-

weighted.   Effective porosity (pe) was calculated from: 

1) dry sample weighted in air (Wa), 2) sample impreg-

nated by kerosene weighted in air (Wka) and 3) sample 

impregnated by kerosene weighted in kerosene (Wkk) 

according to equation: 

( )
( )kkka

aka

e
WW

WW
p

−

−
=    [%] 

Results and Discussion: Leach extracts from bulk 

xenoliths show an unresolved complex mixture (UCM) 

with numerous alkanes, alkenes, ketones and aldehydes 

resolved above the UCM background. There is a dis-

tinctive series of triplet peaks in the range of n-C35 for 

extracts from bulk xenoliths. The overall distribution of 

extracted compounds is similar for xenolith and soil 

extracts in the mid-chain length.  Notably, soxhlet ex-

tractions from soil do not appear to contain the long-

chain triplet series that is a prominent feature of the 

leach extracts from xenoliths. 

Rapid-leach extracts from interior xenolith frag-

ments show a broad UCM with only a few poorly re-

solved individual compounds. Soxhlet extracts of pow-

dered xenolith show a broad UCM with no individual 

compounds. These unexpected results suggest that soil 

contamination either does not penetrate deeply or it is 

decomposed in the interior of xenoliths. It is particu-

larly surprising that soil contaminants are at low levels 

in the interior of visibly weathered websterite from 

Cerrito Negro. Visible cracks and easy physical dis-

agregation with a hammer indicate presence of path-

ways for movement of fluids to the interior of xenoliths 

exposed in surface outcrops. Interior contamination of 

xenoliths appears to be a complicated process that may 

involve both migration and complexation or destruc-

tion of organic compounds. 

Effective porosity determined for the lherzolite and 

websterite xenoliths is small (0.7-6.7 %, average 3 %, 

n=9) compared to common sedimentary rocks (10-30 

%). Effective porosity was lower for fresh lherzolite 

(range 0.7 to 4.14 %, average 1.6 %, n=6) comparing 

to weathered websterite (range 4.7 to 6.7 %, average 

5.6 %, n=3). In both types of xenoliths, effective poros-

ity decreases with increasing sample weight, indicating 

that the outer xenolith surface is connected inhomoge-

neously to a low porosity interior.  Contamination from 

soil organic matter is not pervasive. Therefore, extrac-

tion and molecular characterization of organic matter 

derived from the mantle may be possible using care-

fully collected and processed outcrop samples. Previ-

ous reports of normal and isopropenoid alkanes from 

mantle xenoliths and alkaline granites [3,4] are likely 

the result of inappropriate sample collection and labo-

ratory processing. Carbon isotope compositions of bulk 

organic matter and of individual organic compounds 

may allow for improved recognition of soil contami-

nants [8,9] in igneous rocks. 

Conclusions: Concentration and distribution of or-

ganic compounds in mantle xenoliths indicate that con-

tamination by soil organic matter is not a simple proc-

ess.  Inhomogenous and low porosity appears to limit 

penetration of contaminants. Complexation and de-

struction of soil contaminants are additional processes 

that need to be assessed in order to resolve the inven-

tory of mantle-derived organic materials preserved in 

xenoliths. 
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