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Forbes Formation of the 
Central Sacramento Basin 

Overview 

The Forbes sandstones of the Sacramento 
Basin remain attractive targets for 
explorationists in California. This regional 
stratigraphic study s is located in the central 
Sacramento Basin. It encompasses a 1,139 
square-mile area and includes most of Sutter 
and Colusa counties, as well as portions of 
Yolo County in California. The project, 
representing more than seven man-years of 
geologic research, used 587 wells to 
evaluate the stratigraphic framework of the 
Forbes formations in this portion of the 
Sacramento Basin. 

The Forbes Formation represents deposition 
in a southward prograding deep-sea fan 
system fed by a deltaic system. Migration of 
deltaic lobes and the associated deep-sea 
fan deposits result in a complex lateral and 
vertical distribution of sandstone bodies of 
the Forbes Formation in the Sacramento 
Basin. 

A great variety of traps are apparent based 
on this depositional model. The fan system is 
fed by numerous, smaller "gullies" which are 
derived from the Kione fluvial-dominated 
delta. The resulting fan system is not a well-
defined, discrete fan, but a series of smaller 
fans, comprising a fan system. The 
delineation of channel systems associated 
with fan systems aids greatly in gas 
exploration and development. 

The majority of Forbes Formation gas 
production is from stratigraphic traps and a 
detailed analysis of stratigraphic 
relationships is essential to gas exploration. 
More than 1,000 well logs, 100 

petrographic and paleontologic samples, 
3,000 feet of core, and four measured 
sections (totaling over 6,350 feet) were 
analyzed to develop a depositional model 
and determine sandstone body orientations 
and geometries. The Forbes Formation can 
be subdivided regionally by two low-
resistivity shale markers and can be further 
subdivided locally. 

Four outcrops and five cores of the Forbes 
Formation sandstones in the Sacramento 
Basin were described for this study. Lateral 
and vertical variations in lithologies as well 
as primary and biogenic sedimentary 
structures from this information were used to 
interpret the depositional sequences. 

The petrographic study of 76 thinsections 
provided data for interpreting textural and 
diagenetic characteristics of Forbes reservoir 
lithologies. Specific emphasis of the 
petrographic study was to determine the 
compositions of the sandstones, define the 
diagenetic sequence, and to relate 
cementation to variations in porosity and 
permeability. 

Three field areas in the study area were 
selected for the characterization of reservoirs 
from deep-marine depositional environments 
(Arbuckle, Grime, and Robbins fields). These 
field studies provide a detailed analysis of 
reservoir quality and reservoir development. 
Concepts derived in these field areas were 
applied to the regional evaluation of reservoir 
potential of the Forbes Formation in the 
Sacramento Basin. 



Database 

587 Study Wells 

10 Regional Stratigraphic Markers per 
Well 

5 Cores Described 

4 Measured Sections 

 

Cross Sections 

10 Regional Stratigraphic Sections 

 

Field Studies 

Arbuckle Field, Grimes Field, Robbins Field 

 

Report Contents 

TEXT AND FIGURES - This illustrated 
report includes discussions, figures, and 
color plates on: Regional Framework, 
Structural Geology, Depositional Model, 
Stratigraphy, Subsurface Temperatures and 
Pressures Petrography, Field Studies, and 
Exploration Strategies. 

CORE AND OUTCROP DESCRIPTIONS - 
This section contains descriptions of 5 cores 
and 4 measured from the central portion o 
the Sacramento Basin. 

STRATIGRAPHIC DATA - This section 
contains the stratigraphic data (10 formation 
tops and stratigraphic markers) and isopach 
values, as well as information on well name, 
operator, location, API number, completion 
date, datum, and production status for the 
587 study wells. 

CROSS SECTIONS - This file contains ten 
regional cross sections and eight field cross 
sections. 
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cements (remnant illite/smectite (I-S) occurs near center of (photo); and (2) intragranular 
dissolution of plagioclase grains 

Figure 4.21D. Secondary porosity resulting from leaching of authigenic illite/smectite (I-S) 
cement 

Figure 4.22A. Quartz overgrowth (Q) on quartz grain 

Figure 4.22B. Small remnant of kaolinite cement (K) in pore space, and partially replacing 
quartz grain 

Figure 4.22C. Partial replacement of plagioclase grain by chlorite (Ch) and Fe-calcite cement 

Figure 4.22D. Late-stage chlorite cement partially replacing leached unidentified rock fragment 

Figure 4.23A. Kaolinite cement (K) occluding secondary porosity 

Figure 4.23B. Quartz grain with small quartz overgrowths and subsequent chlorite cement 

Figure 4.23C. Quartz grain with two generations of overgrowths: (1) an earlier quartz 
overgrowth (Q) and (2) a later albite overgrowth (a) 

Figure 4.23D. Secondary porosity developed from leaching of framework grains and Fe-calcite 
cement, remnants of which can be seen at bottom 
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Figure 4.24A. SEM micrograph of a quartz grain (Q) and highly etched calcite cement (in 
contact with grain at top) 

Figure 4.24B. SEM micrograph of K-feldspar grain and Fe-calcite cement (C) 

Figure 4.24C. Plagioclase grain (P) surrounded by Fe-calcite cement (C) 

Figure 4.24D. Plagioclase grain (P) surrounded by highly etched ferroan calcite cement 

Figure 4.25A. SEM micrograph of quartz grain (Q) surrounded by Fe-calcite cement 

Figure 4.25B. Quartz grain and partially leached ferroan calcite cement at the grain-cement 
contact 

Figure 4.25C. SEM micrograph of a quartz grain (Q) partially replaced by ferroan calcite (C) 

Figure 4.25D. SEM micrograph of feldspar grain (lower right) covered by Fe-calcite cement (C) 

Figure 4.26A. SEM micrograph showing siderite (S) replacing authigenic illite/smectite clay 

Figure 4.26B. SEM micrograph of a K-feldspar grain (K) and albite overgrowth (A) 

Figure 4.26C. SEM micrograph showing quartz overgrowths (Q) on a detrital quartz grain 

Figure 4.26D. SEM micrograph showing partial albitization of K-feldspar 

Figure 4.27A. SEM micrograph of typical authigenic illite/smectite clay 

Figure 4.27B. SEM micrograph of two feldspar grains and authigenic illite/smectite cement in 
between 

 

Figure 5.1. Index map showing the location of regional stratigraphic cross-sections B-B', M-
M', N-N', and Y-Y' 

Figure 5.2. Typical electric log showing formation-level picks, including the top of the Guinda 
Formation, Dobbins Shale Member of the Forbes Formation, Forbes Formation, X- and 
Z-markers, Kione Formation, Sacramento Marker, Sacramento Shale, Starkey/Winters 
undifferentiated, Capay Formation, and the base of undifferentiated Tertiary sediments 

Figure 5.3. Schematic east-to-west cross-section through the study area showing inferred 
formation-level stratigraphic relationships 

Figure 5.4. Isopach map for the top of the Kione Formation to the base of the Forbes 
Formation 
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Figure 5.5. Example of the SP-log cutoff lines for net sand and gross-sand calculations 
based on the Kione Formation 

 

Figure 6.1. Index map showing location of samples used for the foraminiferal study 

Figure 6.2. Index map showing location of samples used for the radiolarian study and lines 
of cross-sections used for radiolarian biostratigraphic correlations 

Figure 6.3. Forbes study microfossil correlation chart 

Figure 6.4. Ranges of important radiolarian species as interpreted by Passagno (1976) 

Figure 6.5. Range chart of important radiolarian species found in the Forbes study 

Figure 6.6. East-west cross-section showing microfossil assemblages relative to 
stratigraphic units 

Figure 6.7. North-south cross-section showing microfossil assemblages relative to 
stratigraphic units 

Figure 6.8. Late Cretaceous sea-level record of North America 

 

Figure 7.1. Index map of the study area showing the outcrop areas of the Forbes Formation 
in the Sutter Buttes and Rumsey-Capay Hills 

Figure 7.2. Photographs showing outcrops of the Kione Formation and Forbes Formation in 
the Sutter Buttes area 

Figure 7.3. Photographs showing structural relationships and features in the Rumsey-Capay 
Hills area 

Figure 7.4. Photographs showing geologic relationships along the crest of the Rumsey-
Capay Hills 

Figure 7.5. Photographs showing major turbidite facies association in lower Forbes 
Formation, Bald Mountain area 

Figure 7.6. Photographs showing typical outcrops of the Guinda Formation in Salt Creek 

Figure 7.7. Photographs showing typical outcrops of the Dobbins Shale Member of the 
Forbes Formation 

Figure 7.8. Simplified geologic map of the Sand Creek area, northern Rumsey-Capay Hills 
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Figure 7.9. Measured section of the Dobbins Shale Member and overlying lower Forbes 
Formation, Sand Creek, northern Rumsey-Capay Hills 

Figure 7.10. Photographs showing characteristics of sedimentary features of the middle 
Forbes Formation in Sand Creek 

Figure 7.11. Photographs showing characteristic sedimentary features of the middle Forbes 
Formation in Sand Creek 

Figure 7.12. Simplified geologic map of the Salt Creek area, central Rumsey-Capay Hills 

Figure 7.13. Measured section of the upper Guinda Formation, Dobbins Shale Member, and 
overlying middle Forbes Formation, Salt Creek area, central Rumsey-Capay Hills 

Figure 7.14. Photographs showing basal and upper contacts of the Forbes Formation in Salt 
Creek 

Figure 7.15. Photographs of thin-bedded interchannel and levee deposits in the middle 
Forbes Formation, Salt Creek 

Figure 7.16. Photographs showing major channel sequence in the middle Forbes Formation, 
Salt Creek 

Figure 7.17. Photographs showing major channel sequence in the middle Forbes Formation, 
Salt Creek 

Figure 7.18. Simplified geologic map of the Bob Walker Canyon and "Johnny Walker" Canyon 
area, southern Rumsey-Capay Hills 

Figure 7.19. Measured section of the upper Dobbins Shale Member and middle Forbes 
Formation, Bob Walker Canyon, southern Rumsey-Capay Hills 

Figure 7.20. Measured section of the middle Forbes Formation, "Johnny Walker" Canyon, 
southern Rumsey-Capay Hills 

Figure 7.21. Portions of Bob Walker and "Johnny Walker" measured sections showing 
correlation between lobes and interlobe deposits near base of middle part of Forbes 
Formation 

Figure 7.22. Photographs of channelized sandstone bodies, middle Forbes Formation, Bob 
Walker and "Johnny Walker" Canyons, southern Rumsey-Capay Hills 

Figure 7.23. Photographs of shale rip-up clast conglomerates in basal parts of channel-fill 
deposits, middle Forbes Formation, Bob Walker and "Johnny Walker" Canyons, 
southern Rumsey-Capay Hills 
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Figure 7.24. Photographs showing sedimentary features of sandstone-filled channels, middle 
Forbes Formation, "Johnny Walker" Canyon, southern Rumsey-Capay Hills 

Figure 7.25. Photographs showing sedimentary features of channel-margin deposits, middle 
Forbes Formation, Bob Walker and "Johnny Walker" Canyons, southern Rumsey-Capay 
Hills 

Figure 7.26. Photographs showing sedimentary features of levee deposits, middle Forbes 
Formation, Bob Walker Canyon, southern Rumsey-Capay Hill 

Figure 7.27. Photographs showing typical sedimentary features of levee deposits, middle 
Forbes Formation, Bob Walker and "Johnny Walker" Canyons, southern Rumsey-Capay 
Hills 

Figure 7.28. Photographs showing sedimentary features of crevasse-splay deposits, middle 
Forbes Formation, Bob Walker and "Johnny Walker" Canyons, southern Rumsey-Capay 
Hills 

Figure 7.29. Photographs showing sedimentary features of interchannel deposits, middle 
Forbes Formation, "Johnny Walker" Canyon, southern Rumsey-Capay Hills 

 

Figure 8.1. Northwest-southeast stratigraphic cross section the middle Forbes Formation in 
the Rumsey-Capay Hills 

Figure 8.2. Northeast-southwest cross section and paleogeographic reconstruction of the 
Forbes Formation, showing regionally correlative X- and Z-markers 

 

Figure 9.1. Schematic diagram showing a typical basin-margin depositional system and 
some of the factors that control the development of deep-sea fans (from Stow and 
others, 1984, 1985) 

Figure 9.2. Log plot comparing rates of sediment accumulation and denudation (from Howell 
and von Huene, 1981) 

Figure 9.3. The relationship of channel patterns to sediment load and bank stability (modified 
from Schumm, 1981) 

Figure 9.4. Geomorphic and sedimentary characteristics of bed-load, mixed-load and 
suspended-load channel segments and their deposits (from Galloway, 1977) 

Figure 9.5. Multi story point-bar sequences of a meander belt and their characteristic log 
signature 
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Figure 9.6. Comparison of delta classifications of Coleman and Wright (1975) and Galloway 
(1975) 

Figure 9.7. Fluvial-deltaic depositional facies of the Kione Formation and their associated log 
responses 

Figure 9.8. Stages in the development of delta-front distributary-mouth bar sands (from 
Shannon and Dahl, 1971) 

Figure 9.9. Channel-mouth processes and progradational deposits (from Scott and Boyles, 
1985) 

Figure 9.10. Kione fluvial-dominated delta facies and sand-thickness distribution (modified 
from Garcia, 1981) 

Figure 9.11. Kione sandstone thickness distribution in the Forbes study area (modified from 
Garcia, 1981) 

Figure 9.12. Total Kione Formation thickness in the Forbes study area 

Figure 9.13. Typical electric log through Kione deltaic deposits with depositional 
interpretations 

Figure 9.14. Recent deltaic lobes of the Mississippi River (after Kolb and Van Lopik, 1966) 

Figure 9.15.  Overlapping deltaic lobes that record the complex progradational history of the 
Kione Formation 

Figure 9.16. Individual deltaic lobes that record the history of Kione delta progradation in the 
study area 

Figure 9.17. Gullies off the Mississippi River delta (from Shepard, 1956) 

Figure 9.18. Schematic diagram illustrating the morphology of mudflow gullies and 
depositional mudflow lobes (from Coleman and Prior, 1980) 

Figure 9.19. Schematic block reconstruction illustrating the depositional relationships between 
the lower Kione and upper Forbes deposits 

Figure 9.20. Depositional strike and depositional dip cross-sections showing the stratigraphic 
and depositional relationships between the lower Kione and upper Forbes deposits 

Figure 9.21. The Bouma sequence, showing typical grain sizes, sedimentary structures, and 
hydrodynamic interpretations (from Blatt and others, 1980, Fig. 5-5, modified from 
Bouma, 1962; Walker, 1965; Walton, 1967; and Middleton, 1967) 
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Figure 9.22. Nature of turbidite sedimentation and basin filling by successive turbidity currents 
(from Bouma, 1962) 

Figure 9.23. Proximal-to-distal changes in character of a classical turbidite 

Figure 9.24. Comparative features of proximal and distal turbidites (from Walker, 1967) 

Figure 9.25. Physiographic diagram of the Astoria Fan-Canyon system and the adjacent 
continental margin of northern Oregon and southern Washington (from Nelson and 
others, 1970) 

Figure 9.26. Classification of subaqueous sediment gravity flows (from Middleton and 
Hampton, 1973) 

Figure 9.27. Hypothetical sequence of sedimentary structures and bed character in single-
mechanism sediment gravity flows (from Middleton and Hampton, 1973) 

Figure 9.28. Summary of the chief characteristics of turbidite Facies A-G 

Figure 9.29. Characteristics, bedding style, and hydrodynamic relationships between turbidite 
Facies A-E (from Mutti, 1979) 

Figure 9.30. Depositional framework of turbidite facies and representative stratigraphic 
sections of turbidite facies associations (from Mutti and Ricci Lucchi, 1972, translated by 
T. H. Nilsen) 

Figure 9.31. Facies associations related to channels (from Curry and Moore, 1974, and Mutti 
and Ricci Lucchi, 1975) 

Figure 9.32. Stratigraphic cross-section of middle-fan channels from Lower Mississippian 
flysch, south-central Idaho (from Nelson and Nilsen, 1984) 

Figure 9.33. Gamma-log responses of different types of fining-upward deep-sea-fan channels 
(from Selley, 1979) 

Figure 9.34. Electric-log correlation of outer-fan lobes in lower Pliocene part of subsurface 
Cellino Formation, east-central Italy (from Casnedi and others, 1978) 

Figure 9.35. Dipmeter and gamma log motifs for North Sea distal-fan turbidites (from Selley, 
1979) 

Figure 9.36. Idealized slope-fan-basin floor system, showing relationships between the 
various facies associations, and possible paleocurrent directions (from Walker and Mutti, 
1973, and Normark, 1970, p. 2,189) 

 Figure 9.37. Model of deep-sea-fan deposition, relating facies, fan morphology, and 
depositional environments (from Walker, 1978) 
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Figure 9.38. Morphology of sand-rich, mixed sediment, and mud-rich deep-sea fans and 
debris wedges (from Nelson and Nilsen, 1984) 

Figure 9.39. Vertical sequences of sand-rich, mixed-sediment, and mud-rich deep-sea fans 
and debris wedges (from Nelson and Nilsen, 1984) 

Figure 9.40. Submarine canyons and gullies characteristic of upper Forbes slope deposits 
(from an unpublished diagram by J. S. Booth, U.S. Geological Survey) 

Figure 9.41. Schematic section and model of delta-fed Carboniferous slope deposits, northern 
England (from McCabe, 1978) 

Figure 9.42. Schematic cross-section of a typical channel-levee complex of the Forbes deep-
sea fan showing characteristic SP-log responses before and after compaction. 

Figure 9.43. Line drawings of deep-sea fans dominated by channel-levee complexes (from 
Nelson and Nilsen, 1984) 

Figure 9.44. Maps showing general location of Rhone Fan and typical isopach map for part of 
its depositional sequence (from Droz and Bellaiche, 1985) 

 Figure 9.45. Transverse seismic profiles across the upper part of Rhone Fan (from Droz and 
Bellaiche, 1985) 

Figure 9.46. Sketches showing main phases of construction of Rhone deep-sea fan (from 
Droz and Bellaiche, 1985) 

Figure 9.47. Schematic diagram showing relative sizes, shapes, and mode of assemblage of 
lenticular acoustic units (channel-levee systems) according to their emplacement on 
Rhone Fan (from Droz and Bellaiche, 1985) 

Figure 9.48. Schematic model and cross-sections showing the evolution and geometry of an 
Upper Carboniferous delta-fed deep-sea fan in southwestern England (from Melvin, 
1986) 

Figure 9.49. Paleogeographic reconstruction of the study area during deposition of the 
Dobbins Shale Member 

Figure 9.50. Paleogeographic reconstruction of the study area at about the time of deposition 
of the Z-marker in the middle part of the Forbes Formation 

Figure 9.51. Paleogeographic reconstruction of the study area at about the time of deposition 
of the X-marker in the middle part of the Forbes Formation 

Figure 9.52. Paleogeographic reconstruction of the study area during deposition of the upper 
part of the Forbes Formation and lower part of the Kione Formation 



xx 
 

 

Figure 10.1. Scaled version of Plate X-A 

Figure 10.2. Scaled version of Plate X-B 

Figure 10.3. Scaled version of Plate X-C 

 

Figure 11.1. Location map showing the gas fields chosen for detailed study 

Figure 11.2. Structure contour map on top of the Cretaceous rocks in the Arbuckle field 

Figure 11.3. Structure contour map on the X-marker in the Arbuckle field 

Figure 11.4. Structure contour map on the Z-marker in the Arbuckle field 

Figure 11.5. Structure contour map of a horizon approximately 200-300 ft below the Z-marker 
in the Arbuckle Field (modified from Vaughan, 1968) 

Figure 11.6. The type well from the Arbuckle field with formations regional markers, and field 
area markers indicated 

Figure 11.7. Map showing the location of Arbuckle field cross-sections 

Figure 11.8. Channel trends in the 700-725 interval, Arbuckle field, showing predominantly 
north-south orientation of a major channel system 

Figure 11.9. Channel trends in the 675-700 interval, Arbuckle Field, showing predominantly 
north-south orientation 

Figure 11.10. Channel and lobe trends in the 775-800 interval, Arbuckle Field 

Figure 11.11. Structure contour map on top of the Z-marker in the Grimes field 

Figure 11.12. Typical electric log for the Grimes field showing Capay Formation, Starkey/ 
Winters Formations, Sacramento Formation, Sacramento marker, Kione Formation, and 
the "Armstrong" sandstone  

Figure 11.13. Index map of Grimes field cross-sections 

Figure 11.14. Cross-section grid showing the lateral extent of the "Armstrong" and equivalent 
sandstones in the Grimes field 

Figure 11.15. Isopach map of gross sandstone thickness in the "Armstrong" sandstone within 
the Grimes field 
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Figure 11.16. Structure contour map of the "Magoon sandstone" in the Robbins field indicating 
net sandstone thickness  

Figure 11-17. Net sandstone map of the interval from the top of the Dobbins Shale Member to 
the Z-marker indicating percentage of nitrogen in gas 

Figure 11.18. Gross sandstone map of a unit 300 ft above the "Magoon sandstone" 

 

Figure 12.1. Map showing the location of major productive fields, deep basins, Kione delta at 
X-marker time, and facies trends significant to exploration strategy for the study area. 
Abbreviations: ss., sandstone  

Figure 12.2. Map showing location of regional cross-sections, faulted areas, major productive 
fields, Kione delta at X-marker time, and low-BTU gas area  

 

Figure 13.1. Index map showing location and tectonic framework of forearc basins of the 
western Sunda arc (from Beaudry and Moore, 1985) 

Figure 13.2. Line drawing of seismic-reflection profile across the West Sumatra forearc basin 
between the shelf and outer-arc ridge (from Beaudry and Moore, 1985) 

Figure 13.3. Seismic-reflection profile and line drawing across the North Luzon Trough forearc 
basin, subduction complex, and Manila Trench (from Lewis and Hayes, 1984) 

 Figure 13.4. Expanded and restored seismic sequences in the North Luzon Trough forearc 
basin (from Lewis and Hayes, 1984) 

Figure 13.5. Isopach maps for sedimentary fill of the North Luzon forearc basin (from Lewis 
and Hayes, 1984) 
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Figure 2.1.  Cretaceous paleogeography and restored cross-section of California showing 

distribution of Franciscan and granitic basement rocks (from Reed, 1933).
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Figure 13A.  Plagioclase grain partially replaced by, and overgrown by, K-feldspar 

(yellow stain).  Subsequent ferroan calcite (just below K-feldspar overgrowth) 

cements most of the sample and partially replaces the K-feldspar cement.  Scale bar 

= 0.15 mm.  Outcrop sample 85-TNF-06: Sand Creek.

4.

Figure 13

partly replaced by K-feldspar: yellow stain).  Continued dissolution of plagioclase 

leads to minor intragranular secondary porosity (at bottom of plagioclase and at plag-

K-feldspar contact).  Note also minor illitic clay rim at base of plagioclase grain 

(remnant), and abundant intergranular porosity from dissolution of carbonate and 

clay cements.  Scale bar = 0.06 mm.  Sample from well in Grimes field: 5651.8 ft.

4. B.  Plagioclase grain with K- feldspar overgrowth (plagioclase is also 
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Coarsening-upward bundle of thin-bedded 

Facies D, E, F, and B levee deposits, upper 

part of channel 4, Bob Walker Canyon, about 

490 ft above base of section.

Figure 7.26.  Photographs showing sedimentary features of levee deposits, middle Forbes 

Formation, Bob Walker Canyon, southern Rumsey-Capay Hills.

Close-up view of same sequence as upper 

photo showing folded and shingled Facies F 

bed, with imbricated and detached limbs of 

folds suspended in mudstone matrix.

Flame structures and recumbent 

synsedimentary folds in Facies F, thin-bedded 

turbidites below graded bed of medium-grained 

sandstone, upper part of channel 4, 493 ft 

above base of section.



Figure 4.6.  A QpLvmLsm diagram. Lumping metamorphic lithics at the base of the triangle with 

volcanic and sedimentary lithics allow one to include Qp (including chert as a lithic component on a 

ternary plot.  Data are recalculated to 100% based on raw data in .  See text for discussion.Table 4.2
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