
An Historical Review of the Age Assignments 

Applied To the Chalk Bluff Fossil Plants, 

Central Sierra Nevada, California 
Howard E. Schorn (2012)

You Bet or Chalk Bluff Diggings 

Standing on the northwest lip of the hydraulic pit at~39.2100N, 120.8950W at ~2920 feet 
(890m) elevation.  View looking NE between Chalk Bluff Hill (just right of center) and 

Chalk Bluff Ridge (larger hill left of center).   

Chalk Bluff Hill is an outlier of Chalk Bluff Ridge to the north-northeast of the hill.  In this 
photograph the Hill is about 3/4 mile (3960’, 1207m) distant from the point of view.  Both Hill 
and Ridge are capped by ±150’ (45m) of andesitic rocks of the Miocene Mehrten Formation.  In 
descending order below the Mehrten is ~250’ (75m) the light-colored Oligocene rhyolitic ash-flow 
tuffs and some ~150’ (45m) of light-colored biotite sands.  These two light-colored units form 
Chalk Bluff.  The biotite sands rest on the older channel deposits of the Auriferous Gravels. In 
this area the Auriferous Gravels is about 350’ (105m) thick. Fossil leaves, seeds, fruits, etc. occur 
in the upper ~150’ (45m) of the Auriferous Gravel unit.  The lower horizontal light-colored strip 



at mid-photograph, with trees on top that hide the Chalk Bluff Road, is the north wall of the 
hydraulic pit.  Information estimated and modified from MacGinitie, 1941, p.19. 

Introductory Statement 

In my opinion, the 2005 paper by L.J. Garside, C.D. Henry, J.E. Faulds and 
N.H. Hinz is already, or certainly will become, a classic paper regarding the 
ancient river channels and their deposits in the Northern Sierra Nevada 
Mountains of California.  These authors (p. 7), in what might almost seem as an 
understatement, but what is a very fundamental observation, state that “The 
paucity of modern age determinations on the Auriferous Gravels limits our 
present understanding of the unit.”  Their statement emphasizes the important 
need for a number of new dates derived from this complex of channel deposits.  
When we consider the histories of these long-lived, sinuous, once mobile ribbons 
of fluvial sediments and fossils, now often broken by subsequent erosion, or 
hidden by burial beneath younger deposits, it becomes clear that the continuous 
addition of new dates will greatly aid workers in viewing these ancient systems 
as a set of more dynamic, continually changing systems, each unique, but 
integrated into a whole because of their regional setting.  An example of the 
lithologic associations and the length of time it took for their development is 
illustrated by a portion of the channel in the area centered at Oroville South 
Table Mountain.  In the Oroville area, in ~2mi2 (~5km2) and some 300-400’ (90-
129m) of stratigraphic section, this area has basal sites with marine 
megainvertebrate localities of Eocene Capay Age, ~52-49Ma.  A younger dated 
horizon is the ~25Ma old Oroville andesite tuffs.  These earlier units are capped 
by the widespread, flat-topped tablelands of the ~16Ma Lovejoy Basalt. Also, 
within this same drainage channel, but at the more proximal location of 
Moonlight (~80mi 130k east of Oroville), Lovelock et al. (2010) record a detrital 
zircon date of ~35Ma.  None of these Northern Sierra channels and their 
lithologic and/or fossil associations appears to be of only a single uniform age 
throughout.  This attribute has been recognized since the earliest workers in the 
area, and yet, probably because of their complex nature, and surely because they 
are so sparsely dated, the channels are often treated more simplistically as if they 
were of uniform age throughout.  

Early workers such as Lesquereux (1878), Knowlton (1911) assigned the fossil 
plants found in these channel deposits to the Neocene, that is, younger than the 
Eocene.  Others, i.e., Chaney (1933) recognized the plants were Eocene.    

MacGinitie (1941) was the first to assign a specific Eocene age to the Chalk 
Bluff flora.  He utilized the area in the vicinity of Oroville North and South Table 
mountains to determine the age of the fossils. In this fairly restricted area three 
significant geologic units are present in close proximity, 1) the basal marine beds 
(“Dry Creek” formation) bearing a megainvertebrate fauna of Capay Age, 2) the 



continental leaf-bearing Auriferous Gravels, and 3) the Ione Formation in the 
sense of Allen (1929).  Such favorable physical relationships make this area one of 
the better locations to determine both the geologic relations of the rock units, and 
to assign an age to the fossil plants that occur in the continental leaf-bearing 
Auriferous Gravels.  These Oroville sites occur in the ancient Buckeye-Bear Hill 
Channel (Garside et al., 2005).  In discussing the age of the fossil plants, 
MacGinitie (p 23) first notes that “Although the relations are somewhat obscure, 
it appears certain the Capay Stage fauna from the vicinity of Oroville occurs in 
beds just underlying the Ione.”  That is, in the Dry Creek formation of Allen 
(1929).   

 
MacGinitie (p. 82) continued his discussion regarding the age of the Chalk 

Bluff flora by directing his discussion away from the Oroville area to the Chalk 
Bluff area, a distance of some 45 air miles (70km) to the southeast, and into 
deposits of the ancestral Yuba River Drainage (Garside et al., 2005).  From his 
work in the Oroville area MacGinitie incorrectly concluded that the Capay fauna 
occurs in beds equivalent to the Ione Formation.  Then, because it was commonly 
accepted that the Ione in turn was equivalent to the plant-bearing Auriferous 
Gravels, it was valid for MacGinitie to conclude that (p.82) “… the Chalk Bluff 
flora is preserved in the continental facies of the Ione Formation.  Its age is 
therefore lower Middle Eocene, on the basis of the Capay invertebrate fauna.”  
MacGinitie clearly indicates his assignment of the Ione Formation and the Chalk 
Bluff flora to a Capay Age, as presented by their stratigraphic position in his 
Table 1, on p. 28. 
 
Hence, the beginning of the use of the Capay age assignment for the Chalk 

Bluff plants.  Note that at the date of MacGinitie’s publication in 1941 the Capay 
Stage was correlated with the lower Claiborne of the Gulf Coast and the Ypresian 
Stage of the Paris Basin.   In 1941 the Ypresian Stage was still considered middle, 
not lower, Eocene (see Wood, et al., 1942).   
 
Greely (1965) mapped the geology of the Oroville 1944 edition, 15’ 

topographic quadrangle. He recognized that the name Dry Creek of Allen (1929) 
was preoccupied so he used it in a quotational sense.  He also recognized that 
although the Capay marine fauna does come from the “Dry Creek” Formation 
that underlies the Ione, he specifically emphasized that (p. 47), “… the age of the 
strata at South Table Mountain are directly applicable to the “Dry Creek” beds, 
but not to the Ione strata which overly them.” [italics mine]  Greely’s work, on 
geologic evidence, contradicts MacGinitie’s age assignments. 

 
Adherence to the Capay age for the Chalk Bluff flora and it equivalents, or 

purported equivalents, has resulted in some spurious conclusions.  Such 
examples are briefly outlined here, beginning with MacGinitie (Mac), and 



followed by Wolfe, (1961-1998); Wing and Greenwood, 1993; and Hren, Pagani, 
Erwin, and Brandon, 2010.  Please note that I consider these people my mentors, 
teachers, colleagues and friends.  Their contributions are used here to show how 
the lack of accurately dated floras, and the continued use of a Capay age for the 
plant-bearing beds, has resulted in misinterpretations of the timing of events.   
 
Wolfe 1961-1998.  Wolfe began study of the fossil plants from the Puget 

Group in 1960. He and others published a brief account the following year [1961.  
Wolfe, J.A., Gower, H.D. and Vine, J.D.  1961.  Age and correlation of the Puget 
Group, King County, Washington.  U.S.G.S. Professional Paper 224-C, p. C230-
C232.  [(Not seen).]  This paper was followed by a more complete 
geologic/stratigraphic account by Vine, [1962.  Vine, J.D.  1962.  Stratigraphy of 
Eocene rocks in a part of King County, Washington.  State of Washington, 
Department of Conservation, Division of Mines and Geology, Report of 
Investigations No. 21, 20 pp.  
 
http://www.dnr.wa.gov/publications/ger_ri21_strat_eocene_king_co.pdf 
 

In this study Vine recognized some 14,250 feet (4343.4m) of section in the Puget 
Group.  Wolfe (1961) provided the preliminary identifications of the fossil leaves 
from the Raging River (3,000’) and Tiger Mountain (2,000’) formations.  The 
leaves from these two formation are shown in tabular arrangement on pages 13 
(Tiger Mountain) and 15 (Tukwila Formation) respectively.  
 
Wolfe continued his study of the Puget Group fossil plants and set up formal 

time-stratigraphic units.  1968.  Wolfe, J.A.  1968.  Paleogene biostratraphy of 
nonmarine rocks in King County, Washington.  U.S.G.S. Professional Paper 571, 
37 pp.     
 
http://pubs.usgs.gov/pp/0571/report.pdf   

 
Of primary concern for the present review is his recognition of a new unit that he 
designated as the Franklinian.  Based on the plant species present, Wolfe 
correlated (pages 6 and 7) this newly established Franklinian Stage with the 
Chalk Bluff flora of MacGinitie, and as such, he considered Chalk Bluff flora to 
be equivalent to some part to the Capay Stage, presently considered 
approximately ~49-53 Ma (~Eocene Climatic Optimum).  
 
The Franklinian age assignment was subsequently questioned by Turner et 

al., 1983.   1983.  Turner, D.L., Frizzell, V.A., Triplehorn, D.M. and Naeser, C.W.  
1983.  Radiometric dating of ash partings coal of the Eocene Puget Group, 
Washington: Implications for paleobotanical stages.  Geology 11(9):527-531. 
http://geology.geoscienceworld.org/cgi/content/abstract/11/9/527   



These authors provide KAr dates that are all younger than Capay Age. 

1994.   Burnham, R.J.  1994.  Paleoecological and floristic heterogeneity in the 
plant-fossil record---An analysis based on the Eocene of Washington.  U.S. 
Geological Survey Bulletin 2085-B. 

http://pubs.usgs.gov/bul/2085b/report.pdf 

Burnham provides a through review of the consequences of the Turner et al, 
radiometric dates of the Franklinian. 

1998.  Wolfe, et al., 1998; GSA Bull. 110(5):667 fig. 5 
http://www.colorado.edu/GeolSci/faculty/molnarpdf/1998GSAB.Wolfe.Palo-
elevations.pdf   

The authors suggest that the discrepancy between their and Turner et al. age 
assignment is because the dates by Turner et al. had been thermally reset at ~43 
Ma.  As far as I can determine, this review presents the current status of the 
Puget Group plants referred to the Franklinian Stage.  With the death of Jack 
Wolfe in 2005 much of the activity on the Puget Group plants has declined.  

The following figures are Figure 5 and Figure 6 from Wolfe et al., 1998. 



Wing and Greenwood (1993) present a careful and thorough paper in which 
the authors follow MacGinitie (1941) and assign the Chalk Bluff flora to a Capay 
age, i.e., ~ 49-52 Ma. They acknowledge that this would be during the warmest 
interval recognized for the Eocene, but they also correctly bring attention to the 
issue that the estimated Mean Annual Temperature (MAT) for the Chalk Bluff 
plants as determined from the MacGinitie (1941) data is anomalous in that it 
would be too cool (~14.5°C) for its latitudinal and coastal position during Capay 
time. They suggest that, “This may result from inaccurate taxonomic sorting in 
the published flora.”  It seems more likely that the authors estimated Mean 
Annual Temperature appears anomalous because the age they use is too old (at 
52-49 Ma).  If and when the Chalk Bluff plants at this site are considered to be
younger they would post date the warmer part of the Eocene and this would
place them more in line with known Eocene-Oligocene cooler intervals.

A younger placement of the plants from Chalk Bluff has been recognized and 
advocated by Jim Wood for some years now.   In a written communication, dated 



2 May 2011, he discusses plant fossils from the You Bet /Chalk Bluff Diggings 
(~39.21N, 120.88W) and states: “The implications of this important leaf 
horizon, ie., Chalk Bluff Flora, is that it lies within the smectitic Upper Gravel or 
Unit stratigraphy; therefore, the leaf horizon is not in the kaolinitic Ione Lower 
Unit (50 Ma) as some of the proponents of Eocene Sierran uplift assume; but is 
actually 31 to 32 Ma based on the Ar/Ar age dates of the tuff beds embedded in 
this smectitic Upper Unit section per Chris [Chris D. Henry, Nevada Bureau of 
Mines].  So, the “paratropical” climatic regimen that the floral assemblage 
denotes was that of the prevailing Late Eocene to Early Oligocene climate at 
35Ma to 30Ma and not because it was at a higher elevation at 50Ma.”   
As Wood indicates in his letter, the fossil site is stratigraphically closer to, or 

part of, the Upper Unit’s smectitic ‘biotite sands’, and not the older 
kaolinitic Ione (see the diagram on page 19 of MacGinitie). The apparent 
anomalous Mean Annual Temperature (~14.5°C) is too cool for a 49-52 Ma flora, 
but fits better in to the Late Eocene/Early Oligocene.  Once again, as cautioned 
by Garside et al., 2005, we see the results of the lack of adequate dates for so 
much of the Auriferous Gravels.   

 
Hren et al. (2010) use the time interval from 52-49 Ma in their discussion.  The 

time interval used by these authors corresponds to the Capay Age.  Following 
Ogg et al. (2008), this is the later half of the Ypresian, or early Eocene. The 
interval would be approximately equivalent to the marine planktonic 
foraminifera zones P7-P9, part of calcareous nannoplankton zones CP9,  CP10-
CP11, and ~the first half of zone CP12.   The time interval used by Hren et al. is 
based on the Chalk Bluff plants.  They assert that the “Plant fossils are classified 
as Chalk Bluff Flora after their best-preserved occurrence, and are dated at 52-49 
Ma by faunal and floral correlation (MacGinitie 1941; Wing and Greenwood, 1993).”  
Italics mine.  Based on these conclusions, Hren. et al. asserted they had obtained 
“… well-constrained early Eocene (52-49 Ma) organic geochemical data that 
record range-scale and channel paleoelevations and provide an indication of 
early Sierra Nevada relief.”   This example, once again, illustrates the problem 
created by the lack of adequate age control in these channel deposits (see Garside 
et al. p. 7, 2005).  By accepting MacGinitie’s, 1941 Capay Age, which is incorrect, 
and by further inferring that all the samples they used are contemporaneous, 
which is considered suspect, their conclusions are questionable.  Their appended 
data, (Table 1), is also somewhat confusing.   For example:  their use of the You 
Bet 2 and Chalk Buff E localities.  Their data indicates that these two sites plot 
within <1/2 mi apart, and are separated topographically by ~400 ft.   They list 
the You Bet 2 locality as having an Eocene elevation of 1634 and an Eocene 
temperature of 15.1°C, and the Chalk Bluff E site as Eocene elevation 1246 and 
Eocene temperature as 20.1.  When it is considered that a difference of 
approximately 400 ft in elevation of two closely (< 1/2mi) situated floras would 
not result in a difference of 5°C; but that a difference in both age and 



global/regional climatic temperature would. 
 
The purpose of the present review is to provide information that shows that 

the Capay invertebrate fauna as referenced by MacGinitie (1941) is from the areas 
of Sutter Buttes and South Table Mountain, California.  In those two areas the 
Capay fossils occur in the “Dry Creek” formation of Allen (1929) that 
disconformably underlies the plant-bearing beds of the Ione Formation (Greely, 
1965), and that the Ione is considered to be equivalent to the Auriferous Gravels.  
We need to discontinue assigning the fossil plants at Chalk Bluff to a Capay age, 
and recognize their age is younger.  How much of an age difference is present in 
each specific location, needs to be verified by further radioisotopic dating.  
 
 This review is an outline of the historical development of the ideas that have 

led to our present understanding regarding the age of the Chalk Bluff fossil flora.  
   
Each direct and related topic is linked to an electronic publication, where 

available.  If not, each reference is bibliographically complete. 
 

I wish to acknowledge all the people who over these many, many years have 
taken part in this aspect of West Coast geology/paleobotany, but the list is very, 
very long, so I will just deeply thank all these people, and restrict my sincere 
thanks to two people who have continually helped me by keeping my interest 
alive, by sharing ideas, presenting questions, or just generally kept pushing me 
into getting something down on paper that relates to the paleobotanical age calls 
for the Chalk Bluff fossil plants; to that end I wish to extend my sincerest thanks 
to Richard (Dick) Hilton of Sierra College, Rocklin, California and Jim Wood of 
Colfax. California. 
 

 
A chronological arrangement of resources used in this review. 

 

Note: if a link does not function properly, copy and paste the link into your 
web browser, and click.  
 
USGS Photographic Library.  http://libraryphoto.cr.usgs.gov/cgi-
bin/search.cgi?free_form=geological;search_mode=noPunct;start=6494 
 
USGS Geologic Folios 
 
A very nice collection of these folios is maintained at Texas A & M University. 
 

Bidwell Bar Folio 
    http://repository.tamu.edu/handle/1969.1/3041?show=full  

chenry
Sticky Note
These might better be linked to USGS pubs warehouse



  
Colfax Folio 
http://repository.tamu.edu/handle/1969.1/3391 
 
Downieville Folio 
http://repository.tamu.edu/handle/1969.1/2947 

 
Jackson Folio 

 http://repository.tamu.edu/handle/1969.1/3012 
 

Marysville Folio 
http://repository.tamu.edu/handle/1969.1/3017 
 
Sacramento Folio 
http://repository.tamu.edu/handle/1969.1/3006 
 
Smartsville Folio 
http://repository.tamu.edu/handle/1969.1/3018 
 
Sonora Folio 
http://repository.tamu.edu/handle/1969.1/2813 
 

 
USGS Topographic Map Collection, California State University Chico  
http://cricket.csuchico.edu/maps/topo_search.html 
 [An excellent collection of California topographic maps.  E.g., Search for Oroville 
and select number 4.  This is the 1944 Edition of the 15’ topographic map that 
plots the Butte County Hospital, and it is the edition that Creedly (1955) used as 
the base map for his geologic map.] 
 
California Gold Mines, A Sesquicentennial Photograph Collection.  1998.  
Compiled By R. Guerin-Place, L. Roefs, and K. Twomey.  California Division of 
Mines and Geology, DMG CD 98-001. 
{A rich and interesting collection of photographs in a CD format.] 
  

REFERENCES ARRANGED CHRONOLOGICALLY. 
 

1864.USE THIS LINK,:  Palæontology (Volume 1) - Geological Survey of 
California  
I. Carboniferous and Jurassic fossils, by F. B. Meek. Triassic and 

Cretaceous fossils, by W. M. Gabb.  
II.  II. Cretaceous and Tertiary fossils, by W. M. Gabb. 
 



http://www.archive.org/search.php?query=creator%3A%22Meek%2C%20F.
%20B.%20(Fielding%20Bradford)%2C%201817-1876%22 

[Strata now known to be Eocene were originally assigned to the Cretaceous by 
Gabb (1864).  Later (1869) he revised his Division B and named it the Tejon 

group, but he still placed it in the Cretaceous.   Stanton (1896, p. 1013) recognized 
that,  “The first determination o the age of any part of the Chico-Tejon series was 
made by Conrad1 in 1855, when he described a few species of fossils from the 
neighborhood of Fort Tejon, in southern California, and referred them to the 
Eocene.  He especially mentions the occurrence of Cardita 
[i.e.,Venericardia] planicostata and two other species that he regards as identical to 
forms from the Claiborne beds of the Alabama Eocene.”  See also Dickerson 
(1913, 1915, 1916), Anderson and Hanna (1925), Nilsen (1979, 1987), and 
Prothero, 2003 for further discussion.] 

footnote 1.  From Pacific Railroad Survey Reports, 1853-1854, Vol. V, Part 2, page 
318, quote by Conrad: 

http://quod.lib.umich.edu/m/moa/afk4383.0005.002/372?page=root;rgn=full+t 
ext;size=100;view=image 



[Fossil plants from various localities within auriferous gravels were first 
described in this report.  Lesquereux assigned the fossils to the Neocene, i.e., 
more recent than Eocene, essentially the Miocene-Pliocene of present-day 
terminology.] 

1882.  Butte County Hospital and Infirmary, location of 
In: The History of Butte County, California Volume 1-2 by Harry Laurenz Wells 
Frank T. Gilbert and W. L. Chambers (1882. 
http://books.google.com/books?id=9BYVAAAAYAAJ&pg=PA149&lpg=PA149
&dq=history+butte+hospital+ca&source=bl&ots=e1Eux7Q6m-
&sig=pFyp65P2LJ9VhOsWGiKPbmArDQE&hl=en&ei=EZaOTMPIM4e8sQOW3
dSLBA&sa=X&oi=book_result&ct=result&resnum=5&ved=0CCMQ6AEwBA#v
=onepage&q&f=false 
[The Butte County Hospital is used as a physical reference point in some of the 
older literature. This 1882 reference presents a direct account of the County 
Hospital and Infirmary, it discusses the choice and purchase of the land, and the 
construction of the structure in the southern part of Section 6, T. 19 N., R. 4 E. 
MDBM.  The Hospital is plotted on the 1944 edition of the Oroville 15’ 
topographic quadrangle.  It is also illustrated as the frontispiece in Volume I of 
Wells et al.] 

1883.  Lesquereux, L.  1883.  Species of plants from the Chalk Bluff of California.  
Contributions to the fossil flora of the western territories.  III.  The Cretaceous 
and Tertiary floras.  In, F.V. Hayden (ed.), Report of the United States Geological 
Survey of the Territories.  Vol. 8.  Government Printing Office, Washington, D.C., 
pp.1-283. 
http://www.archive.org/stream/contributionstof03lesq#page/n6/mode/1up 
[See pp. 265, and Plate XLVb for small additions to the Chalk Bluff and other 
California and Oregon fossil plants.] 

1896.  You Bet (i.e., Chalk Bluff) Hydraulic Mine, area 
California journal of mines and geology, Volumes 12-13.  California. State 

Mining Bureau, California. Division of Mines and Geology, p. 236  
http://books.google.com/books?id=v3LOAAAAMAAJ&pg=RA1-
PA236&lpg=RA1-
PA236&dq=you+bet+hydraulic+mine.+ca&source=bl&ots=kHDR0ffNel&sig=p
DzlgqmgDOwH4JNl5bGIt-
JDacg&hl=en&ei=rfuETLjlK4j2tgORgZ33Bw&sa=X&oi=book_result&ct=result&r
esnum=4&ved=0CCUQ6AEwAw#v=onepage&q&f=false  
[The Chalk Bluff area, equivalent in part to what was later referred to as the 
Birdseye Creek Gold Mining Co.’s Mine (Hydraulic), is “…1/2 mile E. of You 
Bet, at 2,910’ elevation, and comprised 700 acres.  Twenty-five men were 
employed.  C. Goodwin, of You Bet, was the owner in 1898.” 

1878.  Lesquereux, L.  1878.  Report on the fossil plants of the auriferous gravel 
deposits of the Sierra Nevada.  Memoirs of the Harvard Museum of Comparative 
Zoölogy, vol. 6, no. 2. 



One half mile east of You Bet places the site in the main Chalk Bluff (You Bet) 
diggings, as illustrated in the frontispiece.] 

1896. Lindgren, W. and Knowlton, F.H.  1896.  Age of the auriferous gravels of 
the Sierra Nevada.  Journal of Geology, 4:881-906.  [not seen] 

1896. Stanton, T. W. 1896. The faunal relations of the Eocene and Upper 
Cretaceous on the Pacific coast. U.S. Geological Survey Annual Report, 17 (part 
1):1005-1048.  
 [See the 1864 Gabb reference above] 

1910.  Cockerell, T.D.A.  1910.  The Miocene trees of the Rocky Mountains.  
American Naturalist, 44:31-47.   
[Cockerell notes that the collections of Lesquereux are of mixed ages, and that the 
Chalk Bluff is Eocene.] 

1911.  Lindgren, W.  1911.  The Tertiary gravels of the Sierra Nevada of 
California.  U.S.G.S. Professional Paper 73. 
http://books.google.com/books?id=cpYNAAAAYAAJ&pg=PA23&lpg=PA23&
dq=lindgren,+chico+folio&source=bl&ots=2zc8AZ0RBj&sig=dJK8m5DtboMlc20
nNoNLF0p14tI&hl=en&ei=Z0hPTI60G5G6sQOj1tW0Bw&sa=X&oi=book_result
&ct=result&resnum=5&ved=0CB8Q6AEwBA#v=onepage&q&f=false  
[The classic report of the Geology of the Auriferous gravels.  Lindgren, based his 
age calls on the works of Lesquereux, and also Knowlton (see immediately 
below), and thus he considered the plant-bearing gravels to be Neocene, i.e., 
more recent than the Eocene, essentially Miocene-Pliocene.]  

1911.  Knowlton, F.H. 1911.  Flora of the auriferous gravels of California.  In, W. 
Lindgren, The Tertiary gravels of the Sierra Nevada of California.  U.S.G.S. 
Professional Paper, 73, pp. 57-64. 
[p. 63 Knowlton states: “The oldest or so-called deep gravels of Lindgren have 
not been found fossiliferous, the lowest apparent point at which plants occur 
being the upper portion of the bench gravels.  To this horizon belongs the 
localities of Chalk Bluff, Nevada County (32 species); Independence Hill, Placer 
County (54 species); and Volcano Hill, Placer County (5 doubtfully determined 
species).”  Knowlton, with the exception of a site near Taylorsville which he 
considered Eocene, assigned the Auriferous Gravel plants to the Neocene.]   

1913.  Dickerson, R.E.  1913.  Fauna of the Eocene at Marysville Buttes, 
California.  University of California Publications, Bulletin of the Department of 
Geology, 7(12):257-298. plates. 11-14. 
http://www.google.com/books?id=ZX4OAQAAIAAJ&printsec=frontcover&so
urce=gbs_ge_summary_r&cad=0#v=onepage&q&f=false   



Tejon  refers to a Tejon age (i.e., Siphonalia sutterensis fauna) as Dickerson used it 
at that time, not the presently recognized Tejon Age;] 

On p. 389, Dickerson 1916 records the ‘information re Dyer Shaft’ 

[The conclusions presented in this report, and modified by subsequent reports 
(see e.g., Anderson and Hanna, 1925; Williams, 1929; Merriam and Turner, 1937), 
figure directly into MacGinitie’s assignment of a Capay age to the fossils from 
the Chalk Bluff area. 
See Dickerson’s Table of Contents, page 257.] 

1915.  Dickerson, R.E.  1915.  Fauna of the Type Tejon:  Its relation to the Cowlitz 
Phase of the Tejon Group of Washington.  California Academy of Sciences, 

Fourth Series, 5(3):33-98, pls. 1-11. 
http://books.google.com/books?id=jmsbAAAAMAAJ&pg=PA46&dq=dickerso 
n,+r.e.+fauna+type+tejon&hl=en&ei=bmCjTILSL4K8sQPOyNGzAQ&sa=X&oi= 
book_result&ct=result&resnum=1&ved=0CCkQ6AEwAA#v=onepage&q=dicker 
son%2C%20r.e.%20fauna%20type%20tejon&f=false   
[This and the next referenced publication were available, but not referenced by 
MacGinitie , 1941, although they are directly applicable to his assignment of a 

Capay age to the Chalk Bluff fossil plants.] 

1916.  Dickerson, R.E.  1916.  Stratigraphy and fauna of the Tejon Eocene of 
California.  University of California Publications Bulletin of the Department of 
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The “Older Basalt” referred to in the second line of the above quote is the Table 
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1926.  Stipp, T.F.  1926.  Foraminifera of the Eocene of the Marysville Buttes, 

Sutter County, California. Micropaleontology Bulletin 1(1)3 [not seen]  
[The 1958 Marianos and Valentine abstract included below, states that the 
foraminifera were taken from the Fig Tree Gulch matrix adhering to the fossils 
that Dickerson, 1913 assigned to his Siphonalia sutterensis zone, also, Williams, 
1929 (below) incorporated the list of taxa by Stipp to assign the beds to the 
Eocene in his study of the Sutter Buttes area.] 

1929.  Allen, V.T.  1929. The Ione formation of California: University of 
California, Department of Geological Sciences Bulletin: 18(14):347-448.  
 [The classic reference regarding the Ione Formation.] 

1929.  Williams, H.  1929.  Geology of the Marysville Buttes, California.  
California University Department of Geological Sciences, 18:103-230.   
[Williams incorporated the list of foraminifera taxa from Stipp, 1926, to assign 
the Eocene rocks in the Sutter Buttes area.] 

1932.  Chaney, R.W. 1932.  Notes on occurrence and age of fossil plants found in 
the auriferous gravel of Sierra Nevada.  Report 28 of the State Mineralogist, 
California Division of Mines, pp. 299-302. 
[Chaney notes that the collections of Lesquereux are of mixed ages.  The Chalk 
Bluff fossils are Eocene, not Neocene.] 



1934.  MacGinitie, H.D.  1934.  Ecological aspects of the floras of the auriferous gravels. 
Proceedings of the Geological Society of America, p. 356.  [not seen recently} 

1935.  Crook, T.H. and Kirby, J.M., 1935. Capay Formation. (Abs.) Geological 
Society of America Annual Meeting Proceedings for 1935, p. 334-335.  [not seen] 

1937. Merriam, C. W. and Turner, F. E. 1937. The Capay Middle Eocene of 
northern California. University of California Publications in Geological Sciences 
24(6):91–114.  
[on p. 91 the authors introduce the Capay stage: “Existence of a well-
characterized faunal and depositional stage between the Meganos and the 
Domengine (…) is forcibly indicated by evidence developing out of recent 
investigation.”  And p. 92, “At the type section of the Meganos, on the north side 
of Mount Diablo, the Capay stage is either missing or represented by the well-
known coal beds, which have offered little or no fossil evidence of their 
immediate age.  The newly recognized stage, herein termed Capay, is believed to 
include certain deposits which have previously been regarded as correlatives of 
the Meganos.”  Continuing (p. 94) “The locality which has yielded most of the 
fossils lies on the west side of Capay Valley, Yolo County, and west of Tancred 
Station, in the south central part of Sec. 28, T. 11 N., R. 3 W., Mt. Diablo B. & M.  
According to Mr. Crook, the fossils occur between 450 and 500 feet 
stratigraphically above the contact of the Eocene and Cretaceous.”  See also the 
following reference by 1943 Bentson] 

1941. MacGinitie, H.D.  1941.  A Middle Eocene Flora from the Central Sierra 
Nevada.  Carnegie Institution of Washington Publications 534.  [Issued 
November 1941.] 
MacGinitie began his study of the Chalk Bluff geology and fossils during the 
summer of 1933.  Subsequent collecting was continued during the summers of 
1934-1936, and 1938.  The Colfax topographic quadrangle, edition 1898, scale 
1/250,000 was the only topographic map MacGinitie had available during his 
field work.  The Colfax, scale 1/125,000 edition, was not published until 1938.  So 
far as I am aware, none of the fossil plant sites that follow is plotted by 
MacGinitie on any of these maps. 
On Page 4 MacGinitie lists the University of California Museum of Paleontology 
(UCMP) plant locality numbers and their corresponding site names as follows: 
42 (or P3319) – Iowa Hill and Independence Hill, respectively 8 and 9 miles east 
of Colfax. 
P3318, P3324, P3325, P3345 – Chalk Bluff proper, 2 miles east of the town of You 
Bet.  (The town site of You Bet is located at ~39.200844N, 120.900llW, this would 
be only approximately 1/2 mile, not 2 miles, from the Chalk Bluff main 
diggings.) 
104 and P3320 – Buckeye Flat. 



P3346 – Quaker Flat and its northward extension, Scotts Flat ~8 miles east of 
Nevada City. 
P3347 – Sailor Flat, is part of the Blue Tent Mine, and lies about 4 miles northeast 
of Nevada City and 1 mile northwest of Quaker Flat. 
206 – Cherokee Mine, given as about 8 miles north of Oroville.  

MacGinitie utilized the area in the vicinity of Oroville North and South Table 
Mountain to determine the age of the Chalk Bluff Flora. In this fairly restricted 
area are 1) marine beds, the (“Dry Creek formation”), bearing a marine 
megainvertebrate fauna of Capay Age, 2) the Ione Formation in the strict sense, 
and 3) the continental leaf-bearing Auriferous Gravels, these three rock units are 
essentially contiguous, therefore making the area an ideal location to both 
determine the geologic relations of the rock units, and to assign an age to the 
fossil plants that occur in the continental leaf-bearing Auriferous Gravels.  These 
sites are in the ancient Buckeye-Bear Hill Channel (Garside et al., 2005).  
MacGinitie (p 23) first notes that “Although the relations are somewhat obscure, 
it appears certain the Capay Stage fauna from the vicinity of Oroville occurs in 
beds just underlying the Ione.” The marine beds just underlying the Ione were 
called the Dry Creek formation by Allen, 1929.  Greely 1965 notes that the name 
Dry Creek was preoccupied so he uses it in a quotational sense, and he further 
notes that although the Capay fauna does come from the “Dry Creek” formation 
he specifically emphasizes that (Greely 1965, p. 47), “… the age of the strata at 
South Table Mountain are directly applicable to the “Dry Creek” beds, but not to 
the Ione strata which overly them.” (Italics mine).   

Mac (p. 82) continues his discussion regarding the age of the Chalk Bluff flora by 
directing attention away from the Oroville area, directly to Chalk Bluff area, 
southeast some ~45 air miles (72k), and into deposits of the ancestral Yuba 
Drainage (Garside et al., 2005).  MacGinitie states that “… the Chalk Bluff flora is 
preserved in the continental facies of the Ione formation [i.e., the Auriferous 
Gravels].  Its age is therefore lower Middle Eocene, on the basis of the Capay 
invertebrate fauna.”  Hence, the beginning of the use of the Capay age for the 
Chalk Bluff plants.  At the date of Mac’s publication in 1941 the Capay Stage was 
correlated with the lower Claiborne of the Gulf Coast and the Ypresian Stage of 
the Paris Basin.   In 1941 the Ypresian Stage was still considered middle Eocene, 
not lower Eocene.   

The purpose of the present review is to point out that the Capay invertebrate 
fauna as referenced by MacGinitie is from the areas of Sutter Buttes and South 
Table Mountain just north of Oroville.  In these two areas the fossil invertebrates 
occur in a formation that disconformably underlies the Ione Formation, which 
was considered to be equivalent to the plant-bearing Auriferous Gravels (see 
Allen, 1929, and Creely, 1965).  Until these plants are specifically dated, 



especially by non plant correlations, we need to discontinue assigning the fossil 
plants at Chalk Bluff to a Capay age, and recognize they are younger.  How 
much younger remains to be determined. 
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