
Chemometric Recognition of Genetically Distinct Oil Families in the Los Angeles Basin* 
 

K. E. Peters
1,2

, L. Scott Ramos
3
, and J. E. Zumberge

4
 

 

Search and Discovery Article #41149 (2013)** 
Posted July 22, 2013 

 
*Adapted from oral presentation given at 2013 Pacific Section AAPG, SEG and SEPM Joint Technical Conference, Monterey, California, April 19-25, 2013 

**AAPG©2013 Serial rights given by author. For all other rights contact author directly. 

 
1Schlumberger Information Solutions, Mill Valley, CA 94941 (kpeters2@slb.com) 
2Stanford University , Stanford, CA 94305 
3Infometrix, Inc., Bothell, WA 98011 
4
GeoMark Research, Houston, TX 77095 

 

Abstract 

 

Multivariate statistical analysis (chemometrics) of selected source-related biomarker and stable carbon isotope ratios for 112 nonbiodegraded or 

mildly biodegraded crude oil samples from the prolific Los Angeles basin identifies five tribes and a total of 12 genetically distinct oil families. 

These families occur in different parts of the basin and exhibit different bulk properties, such as API gravity, sulfur, and metal content that are 

principally controlled by source rock organofacies rather than secondary processes, such as thermal maturity or biodegradation. Stable carbon 

isotope data for saturate and aromatic fractions of the samples suggest Neogene source rock, although not necessarily all from the basal 

Mohnian nodular shale unit of the Modelo Formation. Biomarker ratios allow indirect assessment of the character to the source rock for each 

family. For example, tribes 1 and 2 straddle the Central Trough to the east of the Newport-Inglewood Fault Zone and show evidence of 

elevated clastic and higher-plant input (e.g., elevated C24/C23 tricyclic terpanes and oleanane, respectively). Some families clearly originated 

from source rock in different depocenters on opposite sides of the Newport-Inglewood Fault Zone and from different stratigraphic intervals. 

For example, unlike tribes 1 and 2, tribe 5 occurs west of the Newport-Inglewood Fault Zone and shows evidence of a more distal, clay-poor 

source rock (e.g., lower C24/C23 tricyclic terpanes and oleanane, elevated steranes/hopanes and bisnorhopane). As another example, tribe 5 

oils occur in deeper intervals (9007-10,480 ft) than tribe 3 oils (3531-6842 ft) in the Wilmington field. The 112 crude oil samples were used as 

a training set to build a chemometric decision tree, which allowed classification of nearly 50 additional samples that were affected to varying 

degrees by severe thermal maturation or biodegradation. 
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Significant Characteristics of the Los Angeles Basin 

• Richest basin in the world based on amount of petroleum 

relative to volume of sedimentary fill. 

• Classic model of transform-margin basin. 

• Since Brea-Olinda in 1880, 67 fields were discovered; 

three supergiants include Wilmington, Long Beach, and 

Huntington Beach. 

• Little exploration since the early 1970’s. 

• Significant potential likely remains in deep, especially 

offshore areas. 



Purpose of the Los Angeles Basin Study 

• Measure biomarker and isotope ratios for ~150 crude oil 

samples from the basin to evaluate genetic relationships. 

• Assess the extent of biodegradation for each sample to 

identify a “training set” where source-related biomarker 

or isotope ratios are unaffected. 

• Identify oil families; create a chemometric (multivariate 

statistics) decision tree to classify new samples. 

• Map the distribution of oil families; use biomarker and 

isotope ratios to infer their source rock organofacies. 

 



Map Shows Families and Base Mohnian (~14 Ma) >12,000 Ft. 
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Families in Tribe 1 Originated from Source Rock East of NIFZ 
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Families in Tribe 1 Originated from Source Rock East of NIFZ 
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Families in Tribe 2 Originated from Source Rock East of NIFZ 
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Families in Tribe 2 Originated from Source Rock East of NIFZ 
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Tribe 4 Families Originated from Source Rock West of NIFZ 
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Tribe 4 Families Originated from Source Rock West of NIFZ 
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Tribes 5 and 6 Originated from Source Rocks West of NIFZ 
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Tribes 5 and 6 Originated from Source Rocks West of NIFZ 
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Cross Sections Reveal Stratigraphy of Some Oil Families 
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• Suboxic Upper Miocene (Delmontian) shale with significant 

angiosperm input generated Tribes 1-2 at moderate-high 

maturity in the Central Trough east of NIFZ. 

• Anoxic Upper Miocene (M.-U. Puente) marl source rock 

generated Tribe 3 west of NIFZ. 

• Anoxic Mohnian(?) marl generated Tribe 4 west of NIFZ.  

• Anoxic M.-U. Miocene (L. Puente “nodular shale”) marl with 

significant terrigenous plant input generated Tribe 5 

southwest of NIFZ. 

• Anoxic M.-U. Miocene (L. Modelo “nodular shale”) marl with 

significant terrigenous plant input generated Tribe 6 at low 

maturity northwest of NIFZ. 

Source Rock Can be Inferred from Stratigraphy-Biomarkers 



Conclusions: Los Angeles Basin Geochemistry 

• At least six genetically distinct Miocene petroleum systems 

(12 families) occur in different parts of the basin. 

• The Newport-Inglewood fault separates tribes 1-2 (families 

11, 12, 13, 21, 22) to the east from tribes 3-6 (families 31-33, 

41-42, 5, 6) to the west. 

• Biomarker and isotope ratios as well as distinct stratigraphic 

occurrence help to identify likely source rock for each family. 

• Thermally mature source rock samples for direct oil-source 

rock correlation and 3D petroleum system modeling with 

partner(s) would useful to delineate pods of active source 

rock, migration paths, and undiscovered accumulations. 

 

 



Thanks for Your Attention! 
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