
Observations on the Biostratigraphy of Pliocene and Pleistocene Diatomites from the 
Terrebonne District, Deschutes County, Oregon  

Author(s): Sam L. VanLandingham 

Source: Micropaleontology , 1990, Vol. 36, No. 2 (1990), pp. 182-196 

Published by: The Micropaleontology Project., Inc. 

Stable URL: https://www.jstor.org/stable/1485503

JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide 
range of content in a trusted digital archive. We use information technology and tools to increase productivity and 
facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. 
 
Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at 
https://about.jstor.org/terms

is collaborating with JSTOR to digitize, preserve and extend access to 
Micropaleontology

This content downloaded from 
������������82.145.70.13 on Thu, 04 May 2023 06:58:30 +00:00������������ 

All use subject to https://about.jstor.org/terms

https://www.jstor.org/stable/1485503


 Observations on the biostratigraphy of Pliocene and
 Pleistocene diatomites from the Terrebonne district,

 Deschutes County, Oregon

 Sam L. VanLandingham
 3741 Woodsong Drive, Cincinnati, Ohio 45251

 ABSTRACT: Some previous investigators have indicated that current lithostratigraphic evidence (including tephrochrono-
 logy) suggests a Pleistocene age for the entire Terrebonne diatomite complex; however, biostratigraphic evidence from
 diatoms suggests that at least some of the diatomites in the complex are Pliocene. Because Gomphonema occidentale and
 G. marginatum (which have diagnostic, restricted stratigraphic ranges) and the indicative dominance of Fragilaria and
 Nitzschia in the "centric paucity" zone are present in diatomites from the eastern part of the Terrebonne area but are absent
 in diatomites from the western part, there can be little doubt that the former diatomites are older than the latter and are
 Pliocene in age. Since there is overwhelming evidence that the stratigraphic range of Stephanodiscus niagarae is from
 middle Miocene to Recent, claims of its first occurrence at about 1.8 m.y. (in the Tulelake core) are no longer tenable in
 considering age relationships in the Terrebonne diatomites. There are great differences between the eastern and western
 Terrebonne diatomites in respect to their paleoecology, lithostratigraphy, and biostratigraphy.

 INTRODUCTION

 It has been common knowledge for many years that the purity
 and sustained mining of diatomite in the vicinity of Lower
 Bridge, near Terrebonne (text-fig. 1), probably make it the most
 important diatomite deposit in Oregon (Eardley-Wilmot 1928;
 Calvert 1930; Mulryan 1942) and one of the most noteworthy
 non-marine deposits in the United States, if not the world. It is
 interesting to note the comments of Edwards (1891) concerning
 the complexities of the diatomites from the Pacific Northwest
 (including those from the Columbia River and Deschutes River
 regions) and how J. W. Bailey (who conducted the first detailed
 examination of them) largely failed to recognize their distinctive
 character. Even though almost a century and a half have passed
 since Bailey's work, often modem investigators still have failed
 to see the significance of the distinctive nature of the diatomites
 from the Deschutes River basin, especially those from the
 eastern and western parts of the Terrebonne district. From the
 first discovery of the Terrebonne diatomites until the present,
 there has been ample controversy about their age, origin, and
 identificatoin. Part of the explanation for this probably is the
 confusion of the Terrebonne diatomites (5 to 11 km west of
 Terrebonne) with other diatomites also in the Deschutes River
 basin, some of which are found in the Deschutes (Madras)
 Formation of late Miocene to early Pliocene age. Equally
 confusing is the fact that the Terrebonne diatomite complex (at
 least some parts of which evidently are considerably younger
 than the Deschutes Formation) includes three or more distinct
 beds in the outcrops west (hereafter referred to as Terrebonne
 West) of Steamboat Rock Bend and at least two beds in outcrops
 east (hereafter referred to as Terrebonne East) of Steamboat
 Rock Bend (text-fig. 1). In most cases the term "Terrebonne
 diatomite" has been used in the past to refer to the commercial
 deposits at the Oremite (or Dicalite) mine in sec. 16, T. 14 S.,
 R. 12 E. and belongs to the Terrebonne West localities.

 In referring to the Terrebonne diatomite complex, Mulryan
 (1942) indicated that, "Some geologists call it Pleistocene;

 others classify it as Pliocene or late Miocene." Eardley-Wilmot
 in Calvert (1930) and Okuno (1956) designated a Miocene age
 for the commercial diatomite deposits at Terrebonne. The
 Califomia Academy of Sciences (CAS) catalogue attributes a
 Pliocene age to diatomite samples CAS 54080 and 54081 from
 Terrebonne in the Hanna Diatom Collection. Such investigators
 as Steams (1930), Moore (1937), and Peterson et al. (1976)
 assigned the Terrebonne diatomite complex to the Deschutes
 (Madras) Formation. Moore's (1937) Pleistocene age designa-
 tion for the Terrebonne diatomites is in agreement with Wil-
 liams (1957), Smith (1986), and Smith et al. (1987). However,
 there is good evidence that at least some of the Terrebonne
 diatomites (Terrebonne East) probably are pre-Pleistocene as
 VanLandingham (1987a) advocated and probably are somewhat
 older than the Terrebonne West deposits. Robinson and Stens-
 land (1980) reported irregular masses of diatomite belonging to
 the Terrebonne East outcrops which were "interlayered with
 sedimentary rocks of Madras Formation." VanLandingham
 (1987a) assumed that some of the Terrebonne diatomites were
 in the Deschutes (Madras) Formation and proposed a Pliocene
 age for them on the basis of stratigraphic ranges of ten diatoms
 (all from Terrebonne West localities), at least four of which
 apparently became extinct before the Pleistocene. Evidently the
 lithostratigraphic evidence of Smith (1986) and Smith et al.
 (1987) presents a strong enough case to warrant probable
 extention of four of these diatom stratigraphic ranges into the
 Pleistocene. On the other hand, there are prominent problems
 with the rationale of the biostratigraphic assignment of not only
 these beds (Terrebonne West) but also the Terrebonne East beds
 to a Pleistocene age by Bradbury in Smith (1986) and Bradbury
 in Smith et al. (1987).

 COMPARISON OF TERREBONNE EAST AND
 TERREBONNE WEST DEPOSITS

 All of my taxonomic identifications from the Terrebonne
 diatomite beds were made from samples in Deschutes County,
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 TEXT-FIGURE 1

 Map of the Terrebonne district in the Deschutes-Crooked River
 interfluve and adjacent country in Jefferson and Deschutes Coun-
 ties, Oregon.

 Oregon, at the following localities: CAS 1288 (collected by V.
 Eardley-Wilmot); CAS 54080 (collected by J. Fidiam); VL
 (VanLandingham) 114 in SW 14 SW V4 sec. 16, T. 14 S., R. 12
 E.; VL 115 and 116 in S V2 SW 1/4 SE 1/4 sec. 16, T. 14 S., R.
 12 E.; VL 117 and 118 in NE 1/4 SE V4 sec. 16, T. 14 S., R. 12
 E.; VL 119 and 120 in N V2 NW 1/4 sec. 15, T. 14 S., R. 12 E.;
 VL 788 probably in sec. 16, T. 14 S., R 12 E.; VL 1915 in SW
 /4 SW V4 sec. 11, T. 14 S., R. 12 E.; VL 1889 in W V2 NE V4
 NW 1/4 sec. 13, T. 14 S., R. 12 E.; and VL 1890 in NE 1/4 SW
 1/4 sec. 24, T. 14 S., R. 12 E. The last two localities are from
 Terrebonne East and the remainders are from Terrebonne West

 (text-fig. 1). Samples and corresponding slides from all of the
 CAS and VL localities mentioned in this study already have
 been or will be deposited at the Geology Department, California
 Academy of Sciences, Golden Gate Park, San Francisco, Cali-
 fomia and/or Academy of Natural Sciences of Philadelphia,
 19th and the Parkway, Philadelphia, Pennsylvania. Apparently
 great differences in environment of deposition (paleoecology),
 lithostratigraphy, and biostratigraphy can be noted in comparing
 the Terrebonne East with the Terrebonne West deposits.

 The environment of deposition of the latter deposits has been
 described in great detail by Calvert (1930), Moore (1937), and
 Stockton in Mulryan (1942), while little has been said about that
 of the former except by Bradbury in Smith (1986) who reported
 it as a "shallow, warm, eutrophic environment of low salinity

 and moderate alkalinity." My own assessment of the Terrebonne
 East assemblages indicates an environment of deposition sim-
 ilar to that given by Bradbury, except that his claim of "low
 salinity" for a lacustrine deposit of this nature which contains
 Nitzschia romana and Fragilaria construens v. venter as co-
 dominants seems doubtful since both of these taxa were char-
 acterized as leptomesohalobes (Baudrimont 1974) and since the
 latter diatom is described as oligohalobous to B mesohalobous
 (Werff and Huls 1957). Consensus of the literature indicates that
 neither of these taxa nor any of the taxa listed by Bradbury in
 Smith (1986) are truly halophobous (found in chloride deficient
 waters) or characteristic of "low salinity" (unless by this he
 intends to allude to fresh waters proper as being of "low
 salinity"). Research with CAESARS (continuous algal ecolog-
 ical spectral analysis reference system), a comprehensive com-
 puter retrieval pre-program based on approximately 3,000
 publications with about 2 Mbytes of information on about 4,000
 commonly and widely occurring diatoms (and other algae),
 revealed that in addition to having warmer waters, the Ter-
 rebonne East deposits were typified by more alkaline,
 mesosaprobic, and eutrophic conditions than the Terrebonne
 West deposits. All of the Terrebonne diatomites probably were
 deposited in shallow lakes, but the paleoecologic indications of
 taxa and the thin, delicate beds associated with the Terebonne
 East lakes suggest that they were smaller and more short-lived
 than the Terrebonne West lakes.

 The apparent lithostratigraphic relationships of the Terrebonne
 East and Terrebonne West diatomites are represented in text-fig-
 ure 2. The "uncertain" stratigraphic position of the Terrebonne
 East deposits (indicated by Smith 1986) can be explained by the
 two following possibilities. First, the eastern diatomites appear
 to overlie the Pleistocene "QTb" basalt unit of Robinson and
 Stensland (1980), but if this were actually the case, these
 diatomites would be remains of Holocene or late Pleistocene
 lakes "perched" upon the Pleistocene basalt. However, this
 probably is not the case since taxa in the Terrebonne East
 deposits show even less similarity with any of the taxa from
 published assemblages of modem lakes in the region than the
 younger, Terrebone West deposits (table 1). In addition, these
 Terrebonne East assemblages are quite different from the
 diatom assemblages found in modem Suttle Lake 40 km to the
 west in Jefferson County (VanLandingham, unpublished) and
 these Terrebonne East deposits have none of the common,
 extant, and endemic (to the Pacific Northwest) taxa with first
 occurrences in late Pleistocene that are found in modem lakes
 of the region listed in table 1. Second, the Terrebonne East
 diatomites may be older low-density material that was incorpo-
 rated into or carried onto the surface of the younger high-density
 Pleistocene basalt as it was flowing. This invasive character of
 the basalt flows to cause "lifting" or "rafting" is not an unusual
 phenomenon on the Columbia Plateau as Carson, Tolan and
 Reidel (1987) and Smith (1988) have duly indicated (for
 example) with the Squaw Creek and Quincy diatomites in
 conjunction with the Roza lava flow of the Wanapum Basalt in
 south-central Washington. Because of reasons explained below,
 it is plausible that the Terrebonne East diatomite beds are at least
 slightly older than those of Terrebonne West as shown in
 text-figure 2.

 The Terrebonne East beds possibly even may be related to the
 "Tms" unit (sedimentary and pyroclastic rocks) of Robinson
 and Stensland (1980), especially if this unit is considered to be
 near the top of the Deschutes Formation (text-fig. 2) which
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 TEXT-FIGURE 2

 Idealized composite of stratigraphic columns of Terrebonne West
 (circa sec. 16, T. 14 S., R. 12 E.) and Terrebonne East (circa sec.
 24, T. 14 S., R. 12 E.) diatomite localities. Interpretations of
 units, K-Ar dates (on far right), and nomenclature (on far left)
 are modified from Smith (1986) and my field notes of 18 July
 1961, 13 october 1987, and 14 October 1988. Vertical lines in
 columns represent approximate time intervals not represented by
 rocks. The Tmd diatomite unit in questionable (?) position in the
 Terrebonne East column may be somewhat older than is indicated
 and more likely is part of the Tms (sedimentary and proclastic
 rocks) unit.

 would have a time of deposition corresponding well with the
 indicative dominance of Fragilaria and Nitzschia (in relation
 with the "centric paucity" zone explained below) and with the
 stratigraphic ranges of extinct taxa from Terrebonne East (text-
 fig. 3). Diatomites in the Deschutes Formation (samples 17 II
 83-lOc and 17 II 83-lOd of Smith 1986) are found in the vicinity
 of the Terrebonne district and are just to the north of the
 Terrebonne East and West diatomites (text-fig. 1). It is notewor-
 thy that some assemblages in the Deschutes Formation, such as
 sample 17 II 83-5 (table 2) at Gateway and 17 II 83-lOd at
 Steelhead Falls in adjacent Jefferson County (Bradbury in Smith
 1986), also may be (like the Terrebonne East diatomites) in the
 diagnostic "centric paucity" zone.

 Unless at least part of the Terrebonne West diatomites are older
 than Pleistocene, the implication by Smith (1986) that the
 "rafted" diatomite material at Terrebonne East (in his sample 17
 II 83-9) was related to the Terrebonne West diatomites (in his
 sample 17 II 83-4) is not very likely for the following reasons.
 (1) The Pleistocene age of the Terrebonne East sample assigned
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 TEXT-FIGURE 3

 Stratigraphic ranges of extinct diatoms in the Terrebonne diato-
 mite complex. The first ten taxa are from Terrebonne West
 deposits and the last two are from Terrebonne East. Cocconeis
 grovei occurs in both the West and East deposits.

 by Bradbury in Smith (1986) is somewhat young to compare
 favorably with the stratigraphic ranges of two Terrebonne East
 diatoms, Gomphonema occidentale and G. marginatum (table
 1, text-fig. 3). (2) Except for Cocconeis grovei the 12 extinct
 diatoms in the Terrebonne East and West diatomites are different

 (table 1, text-fig. 3). (3) The Terrebonne East deposits have none
 of the 6 extant taxa with first occurrences in the late Pleistocene

 which are endemic (or essentially endemic) to the Pacific
 Northwest and which are found in the Terrebonne West deposits
 (table 1). (4) The diatom assemblages from Terrebonne West
 not only are much more closely related to modem Oregon lake
 communities than to the Terrebonne East assemblages, they also

 184

 - - -
 a * * i -r

This content downloaded from 
������������82.145.70.13 on Thu, 04 May 2023 06:58:30 +00:00������������ 

All use subject to https://about.jstor.org/terms



 Micropaleontology, vol. 36, no. 2, 1990

 TABLE 1

 Comparison of Terrebonne East and West diatomite assemblages with published reports on Recent assemblages from regional
 lakes in Oregon. Samples from Crater, Diamond and (Upper) Klamath Lakes are from Sovereign (1958). Crater Lake assemblages
 include one from Emerald Pool. Davis Lake assemblage is for Messina-Allen and VanLandingham (1970). Swan Lake assem-
 blages are from Tempere and Peragallo (1907-1915). Only the most important taxa are listed. Nearly all of the unlisted taxa are
 widely distributed or cosmopolitan extant forms and have their first occurrences in Miocene or Oligocene time. t = possibly
 extinct during Holocene or perhaps extant. * = Subendemic (or reported only rarely outside of the Pacific Northwest region). X
 = presence of taxon in assemblage. S = Subdominant. D = Dominant. C = Co-dominant. (N. ludloviana is subendemic.)

 z z

 Iz z - 0 0 c S

 1- u a

 uJ

 <

 1[
 ..j

 x

 .-

 ye

 Li

 I

 le.

 LU

 z tn

 PLIOCENE:Gomphonema marginatum ................. X
 MIOCENE TO PLIOCENE:G. occidentale (=G. olor ex parte) .... X

 HE MIOCENE TO PLEISTOCENE:Cocconeis grovei ...................... X X
 Cymbella cymbiformis v. producta ......X
 Fragilaria bituminosa v. curta ........

 Melosira imperfecta ...................X
 I " M. mauryana t ..........................X

 o Pinnularia esox v. recta . ............

 | P. viridis v. pachyptera f. interrupta X
 I | Stephanodiscus excentricus t ..........X

 Jz |Surirella reflexa t ...................X
 PLIOCENE TO PLEISTOCENE:Gomphonema parvulum v. fossilis .......X

 .---.--------------------------._----------...--.----.---.---.--- ...-______

 I J IMIOCENE:Cocconeis klamathensis* ............... X X C
 ? t C. rugosa* ............................ X X S S
 | S j Gomphonema (Gomphoneis) scapha* .......X X
 !; | Navicula aurora*...................... X X X X

 Nitzschia innominata* .................X S X X

 |?J L|N. oregona* ...........................X X X
 ~J g lOpephora americana* ...................X x
 I I Synedra mazamaensis* .........X X X X X
 l o t PLIOCENE:Navicula ludloviana ................... X X X X
 g E- N. walkerii ..........................X X X
 ?HI y 1 Nitzschia columbiana ..................X X
 I I LATE PLEISTOCENE:Achnanthes lanceolatoides* ..X X

 I g41 i Fragilaria crotonensis v. oregona* X X
 Il MGomphonitzschia exigua .............X X
 I Nitzschia dissipata v. undulata .......X
 I N. fonticoloides* ..................... X X

 M , NN. perspicua ..........................X
 ------------- --------------

 | i EOCENE:Fragilaria virescens ..................X X D X X
 H EI | OLIGOCENE:F. construens v. venter ............... C S D X

 F. pinnata ............................X S S X

 | ~~~g ?|Nitzschia amphibia .................... C X X X X
 | H Nizschia amphMIOCENE:Cymbella cistula ...................... X X C X X X
 U3 S |C. mexicana ........................... X X S X X C
 H cu ^C. mexicana v. janischii .............. X X C
 4 Cymbellonitzschia diluviana ...........X S
 5U I Epithemia sorex ....................... X X C S X
 f ? Gomphoneis herculeana ................. X X S S C X
 Ho Nitzschia lancettula .................. C S X
 I I N. romana ............................ C X X

 ! H) i Rhopalodia gibba v. ventricosa ........X X C
 S | Stephanodiscus niagarae ............... X D X C
 I I PLIOCENE:Gomphoneis eriense .................... X X X X C X
 HJS JLG. herculeana v. robusta .............. X X

 UPPERMOST PLIOCENE:Surirella biseriata v. bicuspidata .... X
 Z ~ S. linearis v. helvetica... .........X X X
 j I PLIOCENE?:Gomphonema rhombicum .................. X X X

 _ _ _ _I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __- -_ _ _ _ _ _ _ __-- - -_ _

 Total samples studied.........................................
 Approximate Pennate to Centric diatom ratio (H=high, L=low)...
 Total number of taxa in samples ..............................
 Number of Terrebonne East taxa found in other assemblages.....
 Number of Terrebonne West taxa found in other assemblages.....

 3
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 TABLE 2

 Approximate ages of Western Hemisphere assemblages with a paucity of centric diatoms. All localities are in the United States
 except those in nations designated with capital letters. All VL numbers in the references column are from unpublished work by
 VanLandingham. * = Subdominant. Note: Apparently all known (clearly fossil) assemblages in the "centric paucity" (CP) zone
 which are dominated by species of both Fragilaria and Nitzschia are Pliocene.

 LOCALITIES (formotions in porenthses)  DOMINANT DIATOMS  REFERENCES

 Pinnularin dactvlus. P. maoor. Anomoeoneis serians. etc Tempare & Peraaallo (1907-1915). etc.

 z z

 8 8
 0-

 _J
 a.

 Kettleman Hills, Fresno Co., California (Tulare) Epihemia tuo rgido, Cymbelfa ventrfcoso, C. parve Lohman (1938, USGS diatom loc. 839)
 - Sierra Talc Mine, Inyo Co., California (Coso) Gomphonemoa onglceps v. subclavoto, Nitzschia fonticolao VL 1692
 .5 Yucca Mountain, Nye Co., Nevada (QTId unit of Swodley a Carr 1987) Denticula elegans, Epfthemia argus a vars. Swadley a Carr (1987); VL 1567

 lu Las Guayauerias de San Carlos, Mendoza, ARGENTINA (unspecified) D. valido, Nitzschia granulatfa , Fragilaria peragalfoi *f, etc. Frenguelli (1934); VL 1963
 z - 91a3 Blanco Canyon, Crosby Co., Texas (Blonco) Frog/ior/a brevisfr/laoa vars, Denft/cui elegans I Woolmon (1892); VanLandinghom (1988a)
 W w Sevier, Sevier Co., Utah (Sevier River- Pliocene phase) F. brevistriaot, Nitzscia denticula Callaghon &Porker(1962);Hinfze (1985); VL 1893
 o cm Hillsdale, Gorfield Co., Utah (Sevier River- Pliocene phase) F. brevistriata, F construens v. venfer, /fztschi/o dwticulo Crowford (1951); Hintze (1973); VL 1881-1884
 - 4 Benson, Cochise Co., Arizona (Quiburts or =) F brevistriata 9 vars., Nitzschia denticula, Denticula elegons VL 1772
 .I- Mark West Springs, Sonoma Co., California (Sonoma Volcoanics) F construens v. ventr VL 1640
 0 . Mulberry Canyon, Armstrong Co., Texas (Ogollala) F construens v. venter, F brevistriata vars., etc. VonLandinghom (1988o);VL 1489,1491,1493

 er Gate, Beaver Co., OKlahoma (Ogallala) F. brevistriato a v., F. construens v venter, N/tzschia denticula VL 1856-1858
 W _5 Gateway, Jefferson Co., Oregon (Deschutes) F virescens v. producta (no centric taxo listed) Bradbury In Smith (1986, no 1711 83-5

 Smith Valley, Lyon Co., Nevada (Wichman)

 -6 Verdi, Washoe Co., Nevada (Cool Voalley)
 Arabia District, Pershing Co., Nevada (Coal Valley or =)

 Fragilaria virescens, F construens v. venter
 Tetracyclus facustris

 Frogilaria construens v venter

 -7

 Ponoca, Lincoln Co., Nevada (Ponoca)
 Nevada Cement Claim, Lyon Co., Nevada (Coal Valley/Truckee or=)
 White Horse, Lyon Co., Nevada (Coal Valley/Truckee or )
 lone Valley, Nye Co., Nevada (Esmeralda)
 Dicalite Mine dump, Mineral Co., Nevada (Esmeralda)
 Grefco Mine, Mineral Co., Nevada (Esmeralda)

 -9 Crow Springs, Esmeraldo Co., Nevada (Esmeralda)
 Gilbert, Esmeralda Co., Nevada (Esmerolda)
 Basalt, Esmeralda Co., Nevada (Esmeralda)
 HCP 143, Mineral Co., Nevada (Esmeralda)

 10 Orizaba Mine, Nye Co., Nevada (Esmeralda).
 Weeks, Lyon Co., Nevada (Kate Peak or :)
 Indian Valley, Adams Co., Idaho (Poison Creek or =)

 Conspicuous dominonce is not specified

 Frogilaria construens v. venter, F vlrescens
 F construens v. venter, F. virescens
 F construens v venter

 F lapponica v. rostrot
 F construens v. venter, F brevistriata

 F. (Synedra) voucherioe
 F brevlstriata

 F brevistriato, Cocconeis placentulo
 Anomoeoneis sphaerophora v po/ygromma

 Frogi/lria construens v. venter
 F: construens v venter a v. subso/ino

 F spp.

 -1I Blockwater River, British Columbia, CANADA (Honcevie/Chioin Ash or ) Epthemiao argus & vars.

 -14 Clan Alpine Mountains, Churchill Co., Nevada (Desert Peak or=) Pimnnuria breblssoni v.
 -16 Buffalo Canyon, Churchill Co., Nevada (Buffalo Canyon) Frogi//ar/ construens, Cj

 Pine Ridge, Sioux Co., Nebraska (Monroe Creek Sandstone)  F brev/striato

 are much more closely related to modem Oregon river commu-
 nities. Stephanodiscus niagarae is very rare or absent in the
 samples from Terrebonne East, whereas it is the main dominant
 in the Terrebonne West samples (table 1). S. niagarae often is
 a co-dominant in the Snake River at Annex, Oregon (opposite
 Weiser, Idaho) and is frequently a very common or sub-domi-
 nant species in the Columbia River at Clatskanie and Bonne-
 ville, Oregon, and on the Klamath River at Keno, Oregon
 (Williams 1961).

 (5)Stephanodiscus hantzschii, a very common dominant in such
 modem Oregon waters as the Columbia, Klamath, and Snake
 Rivers (Williams 1961), is present in the Terrebonne West
 diatomites but apparently is absent in the Terrebonne East
 diatomities, and it evidently is not known with certainty before
 Terrebonne East or late Pliocene time. (6) In every case the
 modem Oregon lakes in table 1 have at least twice as many
 diatom taxa in common with the Terrebonne West deposits as
 with the Terrebonne East deposits. With nearly three times as
 many diatom taxa in common, the diatom communities in the
 Terrebonne West deposits are much more closely related to

 microstauron

 ymbell//a furgido

 Mann in Westgate a Knopf (1932, sample 173,etc.)
 VL 1734

 VL 1733

 VL 1572
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 VL 156

 VL 1678
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 VL 20, 21

 VL 1565

 VL 1556

 Powers (1947, sample 132)

 Baoyer (1926); VL 1503

 VanLondingham (1988b);VL 1717-1718
 Smedmon (1969, sample P2)
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 those from the modem Crater Lake (Klamath County, Oregon)
 than to those from the Terrebonne East deposits (table 1). In
 addition Gomphonitzschia exigua (a rare endemic heretofore
 known only from the type locality, Crater Lake) has been found
 in the present study in the Terrebonne West diatomites. It is
 remarkable that, with the exception of the report of Sovereign

 (1958), freshwater taxa of Gomphonitzschia evidently are not
 known in the Western Hemisphere. (7) The pennate to centric
 diatom ratio in the Terrebonne East deposits is >400:1, but it is
 about 1:1 to 1:3 in the Terrebonne West deposits (table 1). It is
 clear that the former deposits belong in the "centric paucity"
 (CP) zone while the latter deposits do not. This zone (or series
 of zones) is associated with Miocene to Recent non-marine
 diatom-bearing sequences over the world in which centric
 diatoms are very rare or totally absent. VanLandingham (1988a)
 briefly referred to this CP zone. By definition the CP zone
 includes only fossil assemblages and may include some post-
 glacial fossil deposits but does not include active, living, and
 modem diatom communities. Examination of a total of almost
 2000 diatomite and fossil diatom samples (from widely distrib-
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 NUMBER OF OCCURRENCES AS DOMINANT IN ASSEMBLAGE
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 TEXT-FIGURE 4

 Principal pulses (acmes) in the stratigraphic ranges of Nitzschia
 amphibia, N. romana and Fragilaria construens v. venter from
 the Western Hemisphere. Recent and latest Holocene assem-
 blages not included

 uted localities over the world) from my personal collection,
 museums, and various publications yielded only about 120 in
 which centric diatoms were absent or very rare.Of the 120,
 about half were Pliocene or Miocene and in the remaining half
 nearly all were Holocene except for a very few in the latest
 Pleistocene. Table 2 lists known CP zone diatom assemblages
 from the Western Hemisphere. (8) Since CP zone diatom
 assemblages in the Western Hemisphere apparently are absent
 from the Pleistocene except for one in its latest part (table 2)
 and since the Terrebonne East deposits are in the CP zone and
 the Terrebonne West deposits are not, it is unlikely that the East
 deposits are Pleistocene and/or are of the same age as those of

 the West. The CP zone has three distinct phases, each separated
 by time gaps: post-glacial (or Holocene), Pliocene, and
 Miocene. It is not common for a post-glacial (Holocene)
 assemblage in the CP zone to have species of either Nitzschia
 or Fragilaria in abundance (or dominance). Unlike the Ter-
 rebonne East diatomites, apparently no post-glacial assem-
 blages which are clearly fossil and in the CP zone are known to
 have species of Fragilaria and Nitzschia as the co-dominants
 (table 2). Except under special environmental situations (such
 as edaphic and periphytonic conditions), it is not common for
 active, living, and modem diatom communities to have a
 conspicuous paucity of centric taxa and/or to have species of
 Fragilaria and Nitzschia as co-dominants. Perhaps the main
 reason that it is unusual to encounter species of Fragilaria and
 Nitzschia as co-dominants in an assemblage is that these two
 genera in general have some fundamental ecological differ-
 ences, the most noteworthy being that the latter has a much
 higher affinity for organic nutrients (and is more mesosaprobic)
 than the former. These differences are corroborated by CAE-
 SARS and Palmer (1969) among many other references. Most
 of the Pliocene assemblages in the CP zone have at least one
 dominant which is a species of Fragilaria or Nitzschia and often
 in such Pliocene assemblages both genera are represented with
 dominant species, such as at Terrebonne East. This Fragilaria-
 Nitzschia co-dominance is found also in assemblages from
 Sevier and Hillsdale, Utah, Benson, Arizona, and Gate, Okla-
 homa (table 2). Presumably all known (clearly fossil) assem-
 blages in the CP zone which are co-dominated by species of
 Fragilaria and Nitzschia are Pliocene. Most of the Miocene
 assemblages in the CP zone have taxa of Fragilaria (usually F.
 construens v. venter) as dominants. Like the fossil post-glacial
 assemblages in the CP zone, none of these Miocene (CP zone)
 assemblages are known to have species of Fragilaria and
 Nitzschia as co-dominants, but unlike the fossil post-glacial
 assemblages (in the CP zone), no Nitzschia taxon is known to
 be dominant or abundant in them. For this and other reasons,
 the Terrebonne East diatomites are thought to be no older than
 Pliocene.

 (9) If the Terrebonne East deposits are considered to be
 Pliocene, three of the four co-dominant species in them
 (Fragilaria construens v. venter, Nitzschia amphibia, and N.
 romana) correlate fairly well with the pulses (acmes) of these
 same species shown in text-figure 4, but these correlations do
 not occur if the Terrebonne East deposits are considered to be
 Pleistocene (like the Terrebonne West deposits). Except for its
 occurrence as a co-dominant in the Terrebonne East deposits,
 N. lancettula (not shown in text-fig. 4) does not seem to display
 a well developed dominance (acme) pattem and its only other
 occurrence as a dominant or co-dominant seems to be in latest

 Pleistocene or Holocene. (10) In comparing the Terrebonne East
 with the Terrebonne West deposits which have such dynamic
 biostratigraphic and paleoecologic differences, it probably
 would be logical to assume that there also would be noteworthy
 differences in their origin and lithostratigraphy. (11)
 Gomphonema parvulum v. fossilis, Surirella biseriata v.
 bicuspidata (= v. rostrata), and S. linearis v. helvetica (table 1)
 are found in the Terrebonne West (but not in the Terrebonne
 East) deposits, and all of these taxa have first occurrences which

 probably are younger that the Terrebonne East deposits.
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 S. L. VanLandingham: Biostratigraphy of Pliocene and Pleistocene diatomites, Terrebonne district, Oregon

 STRATIGRAPHIC RANGES OF TERREBONNE
 DIATOMS

 The indication by Bradbury in Smith et al. (1987) of the first
 appearance of Stephanodiscus niagarae Ehrenberg (pl. 1, fig.
 1-12) at 1.8 m.y. in the Tulelake core from northernmost
 California is not significant in dating the Terrebonne diatomites.
 I have found S. niagarae for over 30 years in many samples (all
 older, some much older than the Tulelake occurrence) from
 Nevada, California, Washington, and Oregon, and these identi-
 fications have been confirmed with type material from public
 museum herbaria and with corroboration from many experts in
 the field. Many of these specimens were an excellent match for
 the illustrations of Theriot and Stoermer (1981) and for the F.
 Hustedt slides 11 (Eriesee, USA) and 19 (Isabol, Guatemala) of
 the Sovereign Collection at the California Academy of Sciences.
 Also the Cleve and Moller (1877-1882) exsiccata slide 40 (49)
 (Stephanodiscus niagarae) from Buffalo, New York (very near
 the type locality of Ehrenberg), compared very favorably with
 some of the Terrebonne and older specimens. With the excep-
 tion of a very few large, damaged, and/or obscured specimens,
 all of the fossils that I identified as S. niagarae fitted well within
 most of the ranges of such criteria as diameter, fascicle count,
 areolae per 10 gm, number of striae per fascicle, spine count,
 labiate process count, central strutted process count, and mantle
 width given by Theriot and Stoermer (1984) for S. niagarae
 valves from 16 recent populations from the Great Lakes region.
 Evidently Cleve and M1ller (1877-1882) had a concept of S.
 niagarae which compares favorable with modem consensus. If
 other specimens of S. niagarae edited by M6ller (1892), such
 as those illustrated from his "Polycystinenmergel von Barba-
 dos" (Eocene) assemblage type plates, also are correctly iden-
 tified, it would establish an age for this species over 20 time
 that of the Tulelake core and that of the oldest North American
 occurrence claimed by Bradbury in Smith et al. (1987) and
 Theriot et al. (1988).

 There can be little or no doubt that the illustrations shown by
 the authorities in the next four references are indeed of S.
 niagarae and are from deposits which are probably as old or
 older than the 1.8 m.y. reference point in the Tulelake core.
 Servant-Vildary (1973) found S. niagarae to be abundant in the
 Pliocene deposits of Naala, Tchad, and Gasse (1977) reported
 it from Plio-Pleistocene lacustrine associations of central Afar
 (Ethiopia). Hanna (1951) reported it from Laguna Seca, Fresno
 County, California, with an assigned age of "Tulare Pliocene."
 Okuno (1952) recorded it in the Kumaki deposit (Miocene Tajiri
 Formation, Fugeshi Group), Kashima-gun, Ishikawa Prefecture,
 Japan, and from the late Pliocene of Kusu-gun, Oita Prefecture,
 Japan: in the Minami-Yamada deposit, in the Okabushi and

 TEXT-FIGURE 5 -p
 Extinct diatoms-found in Terrebonne diatomites: A. Pinnularia

 viridis v. pachyptera f. interrupta, B. Surirella reflexa, C.
 Pinnularia esox v. recta, D. Stephanodiscus excentricus, E.
 Fragilaria bituminosa v. curta, F. Cymbella cymbiformis v. pro-
 ducta, G. Gomphonema occidentale (=G. olor ex parte), H.
 Melosira mauryana, I. Gomphonema marginatum, J. Melosira
 imperfecta, and K. Gomphonema parvulum v. fossilis. All mag-
 nificaitons approximately X1000 except B which is X500 and E
 which is X2000. Figures C, J, and I are from Heribaud (1903a,
 1908), B is from Wolle (1890), G is from Schmidt et al. (1899),
 K is from Manguin (1949), and all others are originals of diatoms
 from the Terrebonne diatomite complex. G and I are found in
 Terrebonne East and all others are found in Terrebonne West.
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 Okunameshi strata of the Nogami deposit, and in the Noda
 stratum of the Kita-Yamada deposit. In both the Okunameshi
 and Noda strata, S. niagarae accounted for 90% of the diatoms
 present. Based on planktonic foraminifera designations
 (Globorotalia bykovae-G. menardii zone) by Asano and Hatai
 (1967), the Tajiri Formation is contemporaneous with
 Onnagawa time and is included within the Serravallian (middle
 Miocene) as defined by Berggren (1971, table 52.30) and
 Berggren and Van Couvering (1974, fig. 1).

 S. niagarae occurs in several samples from formations of
 Hemphillian or late Miocene age including the following
 localities in Nevada: VL 1576 from the High Rock sequence
 (Alturas Formation) at Duck Flat in SW V4 SW V4 sec. 20, T.
 36 N., R. 19 E., Washoe County; VL 1672 from an unnamed
 Hemphillian formation in the Velvet district in sec. 1, T. 27 N.,
 R. 28 E., Pershing County (pl. 1, fig. 11); and VL 1765 from
 the Thousand Creek Formation in SW 1/4 sec. 28, T. 46 N., R.
 27 E. in northwest Humboldt County (pl. 1, fig. 12). According
 to modem agreement and the COSUNA project, the Thousand
 Creek Formation is of Hemphillian age and probably is no
 younger than middle Pliocene (Wendell 1970; Hintze 1985). S.
 niagarae also has been found in VL 1499 (sec. 32, T. 23 S., R.
 29 E., Hamey County, Oregon) in the Danforth Formation
 which is approximately contemporaneous with the Thousand
 Creek Fromation as defined by Wendell (1970). S. niagarae and
 Coscinodiscus (Pontodiscus) gorbunovii can be noted in sample
 VL 1916 from the upper Ringold Formation in N V2 sec. 12, T.
 10 N., R. 28 E., Franklin County, Washington. The extinction
 of C. gorbunovii at circa 4 m.y. is in conformance with the 4.3
 m.y. date of Krebs and Bradbury (1984) and the age range of
 3.4 to 8.5 m.y. (of Fecht, Reidel and Tallman 1987) for the
 Ringold Formation.

 The following occurrences in the upper Ringold Formation
 support the claim by Tedford and Gustafson (1977) and Waitt
 (1979) that the Ringold is no younger than 3.2 m.y.: (1) a
 reversed magnetic polarity sequence corresponding with the
 Gilbert Reversed Paleomagnetic Epoch (3.4 to 5.1 m.y.) (Packer
 and Johnston 1979), (2) microtine rodent fossils with an age of
 3.7 to 4.8 m.y. (Repenning in Fecht, Reidel and Tallman 1987),
 and (3) a characteristic Blancan fauna (Gustafson 1978). S.
 niagarae also has been noted in Sonoma County, California, in
 the Petaluma Formation from VL 1792 in W 1/2 sec. 15, T. 6 N.,
 R. 7 W. (pl. 1, fig. 10) and in the Sonoma Volcanics from VL
 847 near Mark West Springs (pl. 1, fig. 2). A series of K-Ar and
 fission-track dates for the Petaluma Formation in Sonoma

 County ranges from 11.33?.88 to 6.93?.30 m.y. (Fox et al.
 1985) and for the Sonoma Volcanics in the Mark West Springs
 7 1/2' Quadrangle, dates from 9.1?4.5 to 2.6?.3 m.y. (Wagner
 and Bortugno 1982). Modem consensus establishes the begin-
 ning of the Petaluma Formation in the late Miocene with its
 ending in the middle Pliocene and the Sonoma Volcanics as
 beginning in the latest Miocene and ending in the late Pliocene
 but somewhat before the Pleistocene (Wagner and Bortugno
 1982). Large fragments of S. niagarae are not uncommon in
 sample VL 1800 (= U.S. Geological Survey diatom locality
 3492) from the Barstow Formation in NW 1/4 sec. 11, T. 32 S.,
 R. 44 E., San Bemardino County, California. The youngest
 possible date for the Barstow Formation can be inferred from
 the range of K-Ar dates (13.8, 13.6, and 13.5?.l m.y.) at the top
 of the Barstow Formation (Lindsay 1972; Burke et al. 1982) and
 from the 18-13 m.y. estimate for the entire formation by
 Glazner, Bartley and Walker (1989). Moiseyeva (1960), Jouse

 (1966a, 1966b) and Proschkina-Lavrenko (1974) indicated a
 range for S. niagarae which extends well back into the upper
 half of the Pliocene in central Europe. The above summary of
 stratigraphic distributions should supply sufficient evidence for
 a comprehensive range back at least to middle Miocene for S.
 niagarae.

 VanLandingham (unpublished) found S. niagarae from the
 Yonna Formation (or =) in samples VL 59 through 62, 1637,
 1778, and 1839 from the Bumey Falls-Pit River region of Shasta
 County, Califomia (pl. 1, fig. 3, 4, 8, 9). It has been found also
 in the Yonna Formation in samples from localities VL 65 (NE
 1/4 sec. 18, T. 39 S., R. 9 E.), VL 67 (NW 1/4 sec. 23, T. 39 S.,
 R. 10 E.), and VL 74 (NW V4 sec. 35, T. 34 S., R. 7 E.) (pl. 1,
 fig. 6), all in Klamath County, Oregon. Lohman in Moore
 (1937) found this species in diatomites (Yonna Formation) from
 the Kalmath Falls district and also illustrated this species from
 the recent diatomaceous oozes in Upper Klamath Lake. Since
 some of the samples above are very close to the general type
 locality (along the west side of Yonna Valley in T. 38 S., R. 11
 1/2 E.) of the Yonna Foramtion designated by Keroher (1966),
 any statement which might allude to the "poorly understood
 deposits called the Yonna Formation" probably is not appropri-
 ate in this situation, especially in view of the ample literature
 on this formation in this area. Even though the identity of the
 Yonna Formation has been complicated by structural problems
 and a wide range of lithologies, diatom assemblages from 48
 widely scattered samples that I have collected from alleged
 Yonna Formation localities showed remarkable similarities in

 floristic composition and diagnostic extince species (VanL-
 andingham, unpublished). Even more remarkable is the striking
 similarity in the spectral histograms of the paleoecology of all
 of these assemblages. Data supplied by CAESARS was em-
 ployed in synthesizing the histograms. CAESARS was de-
 scribed and utilized in an ecological study by VanLandingham
 (1987b). Although the 2.3 m.y. isotopic age for the Yonna
 Formation of O'Brien in Bradbury and Krebs (1982) is from a
 lava flow faulted against diatomite and the stratigraphic position
 of the lava relative to the diatomite is uncertain, this age is
 compatible with the stratigraphic ranges of 47 extinct diatoms
 found in the 48 samples. Only 11 of these extinct forms have
 ranges which are known to extend past the Pliocene into
 Pleistocene, while 36 are known only from Pliocene and earlier
 times (and 13 of these 36 became extinct near the youngest
 Pliocene). The stratigraphic ranges of the 47 diatoms suggest a
 probable end to deposition of the Yonna Formation before the
 Pleistocene and a latest probable start of deposition around
 6-3.5 m.y.

 Fragilaria bituminosa v. curta Pantocsek (text-fig. 5E) is very
 common in fresh to brackish water deposits over the world and
 ranges from late Oligocene to its apparent extinction in late
 Pleistocene (text-fig. 3). The oldest known occurrence of this
 diatom is in rocks K-Ar dated at 23.6 ?+ .9 m.y. by McKee and
 Stewart (1971) from New Pass Summit (VL 1521 in E 1/2 sec.
 32, T. 20 N., R. 40 E., Churchill County, Nevada). It is common
 in the brackish water european deposits of the Sarmatian and
 Tortonian.

 The genus Pinnularia typically displays bilateral symmetry
 along both the apical and transapical axes. The distinct inter-
 ruption of the costae on only one side of the central area which
 occurs in P. viridis v. pachyptera f. interrupta (Pantocsek 1903)
 VanLandingham, comb. nov. for Navicula viridis v. pachyptera
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 f. interrupta Pantocsek (1903), is considered by many promi-
 nent authorities to be a diagnostic feature and often justifies the
 recognition of a new species, or at least an infraspecific
 taxonomic variation of a type species in which the normal or
 typical population has uninterrupted costae on both sides of the
 central area (text-fig. 5A). By discounting my report of P. viridis
 v. pachyptera f. interrupta from the Terrebonne diatomites as
 "adventurous," apparently Bradbury in Smith et al. (1987) has
 been influenced by Hustedt (1930) who placed little diagnostic
 value on the interruption of the costae on one side of the central
 area in Pinnularia, evidently unaware that Hustedt obviously
 later did concede that this interruption can be a valid criterion
 for identification, if the interruption is found consistently in
 both valves of the cells within the same species population as
 exemplified by Pinnularia ventricosa Hustedt in Schmidt et al.
 (1934, pl. 389, fig. 3). In spite of any opinion of Hustedt or any
 other investigator, this interruption of the costae has been
 utilized by authorities listed below in numerous extinct Pinnula-
 ria taxa: P. cymbelloides Jouse (1952, 1966a, 1966b); P. falax
 (Pantocsek 1903) VanLandingham comb. nov. for Navicula
 falax Pantocsek (1903); P. (Navicula) hemiptera v. gibba
 Heribaud (1903a, 1903b), Tempere and Peragallo (1909), Lauby
 (1910a, 1910b), and Mills (1934); P. hyppaei Molder (1939); P.
 (Navicula) major v. andesitica f. interrupta (Pantocsek 1903)

 Rehakoval (1980); P. (Navicula) martyi (Lauby 1910a) Mills
 (1934); P. meisteri and f. armenica Poretzky ex Proschkina-
 Lavrenko (1950); P. (Navicula) nodosa v. arverna (M. Peragallo
 in Heribaud 1920) Mills (1934); P. palibinii Jouravleva (1936)
 and Proschkina-Lavrenko (1950, 1974); and P. saga v. isostau-
 ron and undulata Skvortzow (1937) and Okuno (1952). The
 stratigraphic range of P. viridis v. pachyptera f. interrupta
 (text-fig. 3) is from about early Miocene apparently to
 Pleistocene. It occurs in the following samples from Nevada: VL
 1602, Truckee Formation or its = at center line between sec. 32
 and 33, T. 19 N., R. 26 E., Churchill County; CAS 1302 and VL
 1700, Esmeralda Formation near sec. 20 and in SW 1/4 sec. 19, T.
 2 N., R. 34 E., Esmeralda County; VL 1551, Truckee or Coal Valley
 Formation in W 1/2 sec. 2, T. 15 N., R. 25 E., Lyon County; VL
 1555, Truckee of Coal Valley Formation in W 1/2 sec. 7, T. 16 N., R.
 25 E., Lyon County; VL 1593, Truckee or Coal Valley Formation in
 NE 1/4 sec. 10, T. 15 N., R. 25 E., Lyon County; VL 1617, Wichman
 Formation in NW 1/4 sec. 19, T. 9 N., R. 27 E., Lyon County; VL
 1467, unnamed formation of probable late Pliocene age in sec. 29, T.

 14 S., R. 48 E., Nye County; CAS 1513, Esmeralda Formation in sec.
 11 or 14, T. 9N., R. 30 E., Mineral County; VL 1710 and 1711,
 Esmeralda Formation or = in NE 1/4 sec. 32, T. 10 N., R. 35 E., Mineral

 County; VL 1618, Middlegate or = unnamed formation immedi-
 ately below a basalt dated 17.4 m.y. by Nosker (1981) near

 PLATE 1

 All magnifications x 1000

 1, 5,7 Stephanodiscus niagarae Slide VL 2201, sample VL 788, Terrebonne West, Deschutes County, Oregon.

 2 Stephanodiscus niagarae Slide VL 1698, sample VL 847, Sonoma Volcanics, Sonoma County, California.

 3,4, Stephanodiscus niagarae Yonna Formation (or=), Shasta County, California. 3, 9, Slide VL 3565, sample VL 1637. 4, Slide
 8,9 VL 1695, sample VL 60. 8, Slide VL 1697, sample VL 62.

 6 Stephanodiscus niagarae Slide VL 2220, sample VL 74, Yonna Formation, Klamath County, Oregon, at two different focal
 planes.

 10 Stephanodiscus niagarae Slide VL 3874, sample VL 1792, Petaluma Formation, Sonoma County, California.

 11 Stephanodiscus niagarae Slide VL 3415, sample VL 1672, unnamed Hemphillian formation, Pershing County, Nevada.

 12 Stephanodiscus niagarae Slide VL 3819, sample VL 1765, Thousand Creek Formation, Humboldt County, Nevada. Focused
 to show marginal detail. Compare with figure 5.

 13-14 Cocconeis grovei Slide VL 2201, sample VL 788, Terrebonne West, Deschutes County, Oregon. Note: The length to width
 ratio of 1.45:1 to 1.31:1 and a length of greater than 53gm in C. grovei distinguish it from C. placentula v. intermedia which

 has a length to width ratio grater than 1.47:1 and a length less than 53gm. Also, the submarginal unomamented band on the

 raphe valve is less ellipsoidal (and more pointed at the apices) in the former taxon. These taxa may grade into each other and
 both are present in the Terrebonne East and West deposits.

 15-26 Stephanodiscus excentricus Terrebonne West, Deschutes County, Oregon. 15, 20, Slide VL 2205, sample VL 117. 16, 17,
 24, Slide VL 2204, sample VL 116. 18, Slide VL 2201, sample VL 788. 19,21,26, Slide VL 2203, sample VL 115. 22, Slide
 VL 2206, sample VL 118. 23, 25, Slide VL 2202, sample VL 114.
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 Sou Hills in NE 1/4 sec. 11, T. 26 N., R. 38 E., Pershing County;
 and CAS 1216, probably Coal Valley Formation near center S
 1/2 sec. 9, T. 19 N., R. 18 E., Washoe County. It also has been
 reported in samples from VL 1490 through 1492 and 1494 from
 the Ogallala Formation in Mulberry Canyon, Armstrong
 County, Texas (VanLandingham 1988a). VanLandingham (un-
 published) found it in VL 1440 in the lower part of the Mohawk
 Lake beds on the south bluff of the Feather River in SE /4 NE

 1/4 SW 1/4 sec. 9, T. 22 N., R. 12 E., Plumas County, California,
 and in CAS 1650, Alturas Formation at Fitzhugh Creek in sec.
 31, T. 41 N., R. 13 E., Modoc County, California. Other
 California occurrences are from the Sonoma Volcanics in

 Sonoma County (VL 1462) and the Yonna Formation (or =) in
 Shasta County (VL 1839). This diatom has been found in the
 Bully Creek Formation of Oregon in VL 113, S 1/2 sec. 24, T.
 19 S., R. 41 E., Malheur County and from the following samples
 in Baker County: VL 85, sec. 28, T. 8 S., R. 42 E.; VL 87, sec.
 32, T. 8 S., R. 43 E; and VL 88, SW 1/4 sec. 34, T. 8 S., R. 43
 E. The type locality of the synonym, N. viridis v. pachyptera f.
 interrupta, given by Pantocsek (1903) was from the andesite
 tuff (Sarmatian) at Szliacs, Hungary. The synonym, P.
 pseudopunctata Lohman (1957), is found in USGS (United
 States Geological Survey) samples 3523 through 3525, "lower
 Virgin Valley Formation" at Opal Creek, Humboldt County,
 Nevada.

 The stratigraphic range of Cymbella cymbiformis v. producta
 Pantocsek (text-fig. 3) apparently is from middle Miocene to
 Pleistocene (if the Terrebonne deposits are included). This taxon
 (text-fig. 5F) has been found at the following european Sarmat-
 ian deposits: Dubravica, Czechoslovakia (Pantocsek 1892,
 1905; Tempere and Peragallo 1912; Rehaikovai 1971, 1980);
 Bory, Czechoslovakia (Tempere and Peragallo 1911);
 Klebschiefers of Lutilla, Czechoslovakia (Pantocsek 1913;
 Rehakova 1980); and Erdobenye, Hungary (Tempere and Per-
 agallo 1889-1895). VanLandingham (1988a) reported it from
 localities VL 1488, 1489, 1492 and 1493, Ogallala Formation
 from Mulberry Canyon, Armstrong County, Texas. VanL-
 andingham (unpublished) found it at VL 18, Esmeralda Forma-
 tion in the Mt. Montgomery-Basalt Station area in Mineral
 County, Nevada, at VL 1505, upper part of the Virgin Valley
 Formation in the Opal Creek area of the Charles Sheldon
 Antelope Range, Humboldt County, Nevada, and at VL 53,
 Yonna Formation (or =) in center S V2 sec. 18, T. 36 N., R. 4
 E., Shasta County, California.

 The stratigraphic range of middle Miocene to Pleistocene
 (text-fig. 3) for Melosira imperfecta Heribaud (text-fig. 5J) can
 be confirmed by the following occurrences: from rocks of
 Pontian age at Joursac, Cantal, France (Heribaud 1903a, 1903b;
 Lauby 1910a, 1910b); from Auxillac, Cantal, France, where it
 is abundant in Villefranchian beds (Tempere and Peragallo
 1908); and from locality VL 148, 150 and 154, Esmeralda
 Formation north of the Monte Cristo Range in the Gilbert
 district in N 1/2, T. 4N., R. 38 V2 E., Esmeralda County, Nevada
 (VanLandingham, unpublished). Additional occurrences are
 from VL 84, Bully Creek Formation in SE 1/4 sec. 29, T. 8 S.,
 R. 42 E., Baker County, Oregon, and VL 78, Yakima Basalt in
 S 1/2 SW 1/4 SE 1/4 NW 1/4 sec. 9, T. 14 N., R. 19 E., Yakima
 County Washington.

 Melosira mauryana Heribaud (text-fig. 5H) ranges from middle
 Miocene to Pleistocene (text-fig. 3). In addition to the european
 occurrences in deposits from La Garde, Cantal, France

 (Piacenzian) noted by Heribaud (1908), Lauby (1910a, 1910b)
 and Tempere and Peragallo (1912), VanLandingham (unpub-
 lished) recorded it from these localities: VL 1729, Esmeralda
 Formation northwest of Crow Spring in sec. 30, T. 5 N., R. 39
 E., Esmeralda County, Nevada; VL 133, 134 and 1557, un-
 named formation (probably Hemphillian age) in the Velvet
 district respectively in sec. 25, T. 28 N., R. 28 E., sec. 6, T. 28
 N., R. 29 E., and SW 1/4 sec. 34, T. 28 N., R. 30 E., Pershing
 County, Nevada; and VL 68, Yonna Formation in Poe Valley in
 NW V4 NW V4 sec. 12, T. 39 S., R. 10 E., Klamath County,
 Oregon.

 The range of Surirella reflexa Ehrenberg (text-fig. 5B) from late
 Miocene to its probable extinction in post-glacial time (text-fig.
 3) is supported by numerous published reports.

 A compilation of numerous publications and my own observa-
 tions indicated that Pinnularia esox v. recta (Heribaud) McCall
 = Navicula olivieri Heribaud (text-fig. 5C) arose sometime in
 the late Miocene and became extinct in post-glacial times
 (text-fig. 3).

 The Oremite (Dicalite) mine at Lower Bridge (text-fig. 1) is the
 type locality of Stephanodiscus excentricus Hustedt (1952) (pl.
 1, fig. 15-26; text-fig. 5D). The known stratigraphic range is
 from late Miocene to late Pleistocene or Quaternary (text-fig.
 3), however it possibly could be extant. In examinations of the
 surface waters of Pyramid Lake on 9 July 1982 and 27 April
 1985, I did not find S. excentricus or the "very similar species"
 mentioned by Bradbury in Smith et al. (1987) that "may be
 living today in Pyramid Lake." Also, Hanna and Grant (1931)
 mentioned no species of Stephanodiscus in their monograph on
 Pyramid Lake diatoms. VanLandingham (unpublished) found S.
 excentricus in the Yonna Formation (or =) in the following
 samples: VL 58, Lake Britton area in E 1/2 sec. 29, T. 37 N., R.
 3 E., Shasta County, California; VL 73 and 75, Chiloquin area
 in SW 1/4 sec. 19, T. 34 S., R. 8 E. and NW 1/4 sec. 35, T. 34
 S., R. 7 E., Klamath County, Oregon; and CAS 36100 and
 36101, Dorris area in sec. 13, T. 47 N., R. 1 E., Siskiyou County,
 California. Other occurrences include: the Poverty Hills locality
 (VL 23) from the Quaternary lake beds in the Tinemaha
 Reservoir area in SW 1/4 sec. 22, T. 10 S., R. 34 E., Inyo County,
 California; VL 52 from the Coal Valley Formation in NE 1/4 NE
 1/4 SW 1/4 sec. 17, T. 19 N., R. 19 E., Washoe County, Nevada;
 and VL 1792 from the Petaluma Formation in W 1/2 sec. 15, T.
 6 N., R. 7 W., Sonoma County, California.

 If the occurrence in the Terrebonne diatomites is included,
 Cocconeis grovei A. Schmidt (pl. 1, fig. 13-14) presumably
 ranged from late Miocene to Pleistocene (text-fig. 3). This is the
 only extinct diatom that was found in both the Terrebonne West
 and Terrebonne East deposits (table 1). Schmidt in Schmidt et
 al. (1894) originally described this species from samples of the
 Deschutes River (Terrebonne?) deposits in the Grove Collec-
 tion. Hanna (1930) also reported it from the type locality. It has
 been found in the Sonoma Volcanics from Napa County,
 California, by Lohman in Kunkel and Upson (1960) in NE 1/4
 SW 1/4 sec. 6, T. 5 N., R. 3 W. and by VanLandingham
 (unpublished) from: VL 1460 (S 1/2 NE V4 sec. 32, T. 8 N., R.
 5 W.); VL 1461 (SW 1/4 sec. 33, T. 8 N., R. 5 W.); VL 1459 (NE
 1/4 SE 1/4 sec. 32, T. 8 N., R. 5 W.); and VL 1458 (NE 1/4 sec.
 4, T. 7 N., R. 5 W.). Other occurrences in the Sonoma Volcanics
 are known from Sonoma County, California, near Mark West
 Springs (VL 847) and Goldstein Ranch (CAS 1245). I observed
 it in CAS 1695, probably from the Yonna Formation near the
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 southern end of Upper Klamath Lake, Klamath County, Oregon,
 and in VL 1770, "Pc" unit (middle to upper Pliocene diatomite)
 of Lydon, Gay and Jennings (1960) on the north flank of
 Antelope Mountain in NE 1/4 sec. 7, T. 30 N., R. 13 E., Lassen
 County, California. Other localities in the Yonna Formation (or
 =) include VL 53, 55, 56, 58, 60, 1637, 1778, and 1839 through
 1843, all in the Lake Britton-Pit River region of Shasta County,
 California.

 The range of Gomphonema parvulum v. fossilis Manguin
 (text-fig. 5K) is uncertain, but current evidence indicates that it
 is from late Pliocene to late Pleistocene (text-fig. 3). Manguin
 (1949) originally described it from the lacustrine Pliocene-
 Pleistocene deposits of Ankaratra, Malagasy Republic.

 Sustained, detailed observation and research have revealed that

 the tentative identification by VanLandingham (1987a) of
 Gomphonema olor Ehrenberg (= G. occidentale M. Schmidt ex
 parte) from the Terrebonne West diatomites is instead probably
 an extreme variation form of G. eriense or some other closely
 related taxon. However, G. occidentale does appear to be
 present in the Terrebonne East deposits (text-fig. 5G). I have
 not examined any specimens from the Yukon allegedly attrib-
 uted to G. olor Ehrenberg (= G. occidentale M. Schmidt) by
 Kociolek ex Smith et al. (1987) and therefore cannot make a
 judgment concerning this claim. G. olor is very difficult to
 identify and easily can be confused with several other taxa
 which are known to inhabit modern waters. My own experience
 has taught that it is easy to make errors with such complicated
 species as G. olor (= G. occidentale ex parte) which obviously
 has occurred in attributing the statement, "jetztlebende Formen
 i. Nord-Amerika," made by Ehrenberg (1870, table 12, third row
 of taxa) for Lithodontium nasutum instead to G. olor in the
 second row of taxa in this same table. The text and table 12 of

 Ehrenberg (1870) indicated that G. olor was not "jetztlebende
 Formen i. Nord-Amerika." Bradbury in Smith et al. (1987)
 states, "Ehrenberg (1870), who described and named the spe-
 cies, said it was living in North America." According to
 information supplied by CEFDARS (continuous extinct fossil
 diatom age reference system), all of the 31 presently known
 localities of G. olor and G. occidentale are in a tight cluster with
 a 400 km radius centered at 41?13'15" N. Lat. x 118?47'40" W.
 Long. and indicate an age ranging from middle Miocene to
 extinction in the late Pliocene (text-fig. 3). Many of these
 localities of G. occidentale are discussed in VanLandingham
 (1985). Any locality in the Yukon would be over 1800 km away
 from the nearest locality in the cluster. Although it certainly is
 possible, the odds are against any such new record of occur-
 rence.

 Gomphonema marginatum Heribaud (text-fig. 51) has a range
 from early to late Pliocene (text-fig. 3) and was found in the
 Terrebonne East but not the Terrebonne West deposits. Heribaud
 (1908) and Lauby (1910a) reported this species from the type
 locality at Mardansou, Haute-Loire, France. The age of late
 Miocene for the Mardansou deposit by Small (1946) is doubtful,
 but the consensus of modern stratigraphic nomenclature and
 research on the included diatom flora (which contains Pinnula-
 ria huei Heribaud and Cyclotella charetoni v. gemmatula
 Heribaud) do suggest an age no younger than early Piacenzian
 (or circa 2.5 m.y.) for the deposit.

 CONCLUSIONS

 There can be little doubt that the Terrebonne diatomite complex
 consists of at least two distinctly different groups of diatom
 deposits and that the Terrebonne East deposits are younger than
 Miocene but older than the Pleistocene Terrebonne West depos-
 its. An unequivocal age determination based on tephrochrono-
 logy for both the Terrebonne East and Terrebonne West deposits
 which might exclude the former from rocks as old as Pliocene
 would require more detailed work in the region than has
 occurred to date. There probably are ash beds in the region
 which not only have not been sufficiently studied but which are
 difficult to locate, describe and identify. It is likely that the
 Terrebonne West deposits are not part of the Deschutes Forma-
 tion and are of Pleistocene age as Smith (1986) and Smith et al.
 (1987) avocated. On the other hand, the Terrebonne East
 deposits probably are somewhat older and may be related to the
 Deschutes Formation. If the age of the Terrebonne West diato-
 mites is considered to be Pleistocene, it will require that the
 latest known times of occurrence be decreased slightly to
 Pleistocene for each of the following four diatoms (which
 previously had been known only from Pliocene and older times,
 according to VanLandingham 1987a): Pinnularia viridis v.
 pachyptera f. interrupta, Cymbella cymbiformis v. producta,
 Melosira mauryana and Cocconeis grovei. The basis for chang-
 ing the ranges of these four extinct diatoms in the Terrebonne
 West diatomite deposits (in order to make them compatible with
 a Pleistocene age) should be on the basis of lithostratigraphy
 and/or factors other than those of Bradbury in Smith et al.
 (1987) in his discussion of diatom biostratigraphy. The belief of
 Bradbury in Smith et al. (1987) that CEFDARS is more
 concerned with affirming index fossils for the late Pliocene (or
 any preconceived time) is unfounded because the word "contin-
 uous" in the acronym indicates in CEFDARS that the system is
 being continuously updated and changed if new information so
 dictates.

 ACKNOWLEDGMENTS

 I am grateful to the following for observations, identifications,
 and comments: W. H. Abbott, Mobil Exploration & Production
 Services, Dallas, Texas; Gary Collins and Ben McFarland,
 Environmental Protection Agency, Cincinnati, Ohio; Gary
 Smith, Department of Geology, University of New Mexico,
 Albuquerque; George W. Andrews, United States Geological
 Survey, Reston, Virginia; Sam Rushforth, Department of Bot-
 any, Brigham Young University, Provo, Utah; and C. W. Reimer,
 Academy of Natural Sciences of Philadelphia, Philadelphia,
 Pennsylvania.

 REFERENCES

 ANDREWS, G. W., 1971. Early Miocene nonmarine diatoms from the
 Pine Ridge Area, Sioux County, Nebraska. U. S. Geological Survey
 Professional Paper, 683-E: 1-15.

 ASANO, K., and HATAI, K., 1967. Micro- and macropaleontological
 Tertiary correlation within Japanese Islands and with planktonic
 foraminiferal sequences of foreign countries. In: Tertiary correlations
 and climatic changes in the Pacific, 11th Pacific Science Congress,
 Tokyo, Symposium 25:77-87.

 BAUDRIMONT, R., 1974. Recherches sur les diatom6es des eaux
 continentales de l'Alg6rie. M6moires de la Societe d'Histoire
 Naturelle de l'Afrique du Nord, nouv. s6rie no. 12:1-265.

 193

This content downloaded from 
������������82.145.70.13 on Thu, 04 May 2023 06:58:30 +00:00������������ 

All use subject to https://about.jstor.org/terms



 S. L. VanLandingham: Biostratigraphy of Pliocene and Pleistocene diatomites, Terrebonne district, Oregon

 BERGGREN, W. A., 1971. Tertiary boundaries and correlations. In:
 Funnell, B. M. and Riedel, W. R., Eds., The micropaleontology of
 oceans. Cambridge University Press, 693-809.

 BERGGREN, W. A., and VAN COUVERING, J. A., 1974. The late
 Neogene. Amsterdam: Elsevier Scientific Publishing Co., 216 pp.

 BOYER, C. S., 1926. List of Quaternary and Tertiary Diatomaceae from
 deposits of southern Canada. Victoria Memorial Museum Bulletin,
 45:1-26.

 BRADBURY, J. P., and KREBS, W. M., 1982. Neogene and Quaternary
 lacustrine diatoms of the western Snake River Basin, Idaho-Oregon,
 USA. Acta Geologica Academiae Scientiarum Hungaricae, 25:97-
 122.

 BURKE, D. B., HILLHOUSE, J. W., McKEE, E. H., MILLER, S. T.,
 and MORTON, J. L., 1982. Cenozoic rocks in the Barstow Basin area
 of southern California - Stratigraphic relations, radiometric ages,
 and paleomagnetism. U. S. Geological Survey Bulletin, 1529-E:1-
 16.

 CALLAGHAN, E., and PARKER, R. L., 1962. Geology of the Sevier
 quadrangle, Utah. U. S. Geological Survey Map GQ-156, 1:62,500.

 CALVERT, R., 1930. Diatomaceous earth. New York: Chemical Cata-
 logue Co., 1-251.

 CARSON, R. J., TOLAN, T. L., and REIDEL, S. P., 1987. Geology of
 the Vantage area, south-central Washington: an introduction to the
 Miocene flood-basalts, Yakima Fold Belt, and the Channeled Scab-
 lands. Geological Society of America Centennial Field Guide, 1:357-
 362.

 CLEVE, P. T., and MOLLER, J. D., 1877-1882. Diatoms (exsiccata).
 Upsala: Esatas Edquists Boktryckeri, slides 1-324.

 CRAWFORD, A. L., 1951. Diatomaceous earth near Bryce Canyon
 National Park. Utah Geological and Mineralogical Survey Circular,
 38:1-25.

 DINGMAN, R. J., and LOHMAN, K. E., 1963. Late Pleistocene diatoms
 from the Arica area, Chile. U. S. Geological Survey Professional
 Paper, 475-C:69-72.

 EARDLEY-WILMOT, V. L., 1928. Diatomite. Canada Department of
 Mines, Mines Branch Report, 691:1-182.

 EDWARDS, A. M., 1891. Report of the examination by means of the
 microscope of specimens of infusorial earths of the Pacific Coast of
 the United States. American Journal of Science, series 3,42:369-385.

 EHRENBERG, C. G., 1870. Uber die wachsende Kenntniss des un-
 sichtbaren Lebens als felsbildende Bacillarien in Californien.

 Akademie der Wissenschaften zu Berlin, Abhandlungen: 1-74.

 FECHT, K. R., REIDEL, S. P., and TALLMAN, A. M., 1987. Pale-
 odrainings of the Columbia River system on the Columbia Plateau of
 Washington State - a summary. Washington Division of Geology
 and Earth Resources Bulletin, 77:219-248.

 FOX, K. F., FLECK, R. J., CURTIS, G. H., and MEYER, C. E., 1985.
 Potassium-argon and fission-track ages of the Sonoma Volcanics in
 an area north of San Pablo Bay, California. United States Geological
 Survey Miscellaneous Field Studies Map MF-1753, 1:125,000.

 FRENGUELLI, J., 1934. Diatomeas del Plioceno superior de las
 Guayquerias de San Carlos (Mendoza). Revista del Museo de La
 Plata, 34:339-371.

 GASSE, F., 1977. Les groupements de diatomees planctoniques, base de
 la classification des lacs quaternaires de 1'Afar Central. Association

 Franqaise pour l'Etude du Quatemaire, Supplement au Bulletin,
 1977- 1(50):207-234.

 GLAZNER, A. E, BARTLEY, J. M., and WALKER, J. D., 1989.
 Magnitude and significance of Miocene crustal extension in the
 central Mojave Desert, California. Geology, 17:50-53.

 GUSTAFSON, E., 1978. The vertebrate fauna of the Pliocene Ringold
 Formation, south-central Washington. University of Oregon Museum
 of Natural History Bulletin, 23:1-62.

 HANNA, G. D., 1930. Index to the literature of west American diatoms.
 San Francisco: California Academy of Sciences, 1-519.

 ,1951. Diatom deposits. California Division of Mines Bulletin,
 154:281-290.

 HANNA, G. D., and GRANT, W. M., 1931. Diatoms of Pyramid Lake,
 Nevada. Transactions of the American Microscopical Society,
 50:281-297.

 HERIBAUD, J., 1903a-1908. Les diatom6es fossiles d'Auvergne. Paris:
 Librairie des Sciences Naturelles, m6m. 2:1-166; m6m. 3:1-70.

 , 1903b. Disposition methodique des diatom6es d'Auvergne.
 Paris: Librairie des Sciences Naturelles: 1-47.

 , 1920. Les diatom6es des travertines d'Auvergne. Bruxelles:Im-
 primerie Medicale Scientifique: 1-206.

 HINTZE, L. F., 1973. Geologic history of Utah. Brigham Young Univer-
 sity Geology Studies, 20(3):1-181.

 , 1985. Great Basin region, Correlation of Stratigraphic Units of
 North America (COSUNA) project. Tulsa: American Association of
 Petroleum Geologists.

 HUSTEDT, F., 1930. Bacillariophyta (Diatomeae). In: Pascher, A., Die
 Siisswasser-Flora Mitteleuropas. Jena: Gustav Fischer, 10:1-466.

 , 1952. Neue und wenig bekannte Diatomeen. Botaniska Notiser,
 4:366-410.

 JOURAVLEVA, A. A., 1936. Die fossilen Diatomeen des Tunkin Kessels

 (Baikal-Gebiet). Trudy neftjanogo geologo-rasvedotschnogo in-
 stituta Leningrad, Ser. A, 70:47-64. (auf russisch).

 JOUSE, A., 1952. K istoroii diatomovoi flory ozera Khanka. Trudy
 instituta geografii akademii nauk SSSR, 51(8):226-252.

 , 1966a. Diatomeen in Seesedimenten. Archiv fur Hydrobiologie,
 Beihefte, 4:1-32.

 ,1966b. Kremnistye osadki v sovremennykh i drevnikh ozerakh.
 In: Geokhimiya kremnezema. Akad. Nauk SSSR Komiss. Osadoch.
 Porodam Otdel. Nauk Zemle, Moskva: 301-318.

 KEROHER, G. C., 1966. Lexicon fo geologic names of the United States
 for 1936-1960. U.S. Geological Survey Bulletin, 1200:1-4341.

 KREBS, W. N., and BRADBURY, J. P., 1984. Neogene and Quaternary
 non-marine biostratigrpahy, western USA. In: Geological use of
 diatoms. Geological Society of America short course, sponsored by
 Cushman Foundation, Reno, Nevada, 1984:1-29.

 KUNKEL, E, and UPSON, J., 1960. Geology and groundwater in Napa
 and Sonoma Valleys, California. U. S. Geological Survey Water
 Supply Paper, 1495:1-252.

 LAUBY, A., 1910a. Recherches paleophytologiques dans le Massif
 Central. Bulletin des Services de la Carte Geologique de France,
 Memoire, 125:1-398.

 194

This content downloaded from 
������������82.145.70.13 on Thu, 04 May 2023 06:58:30 +00:00������������ 

All use subject to https://about.jstor.org/terms



 Micropaleontology, vol. 36, no. 2, 1990

 , 1910b. Essai de bibliographie analytique des travaux
 paleophytologiques. Aurillac: E. Bancharel, 1-128.

 LINDSAY, E. H., 1972. Small mammal fossils from the Barstow Forma-
 tion, California. University of California Publications in Geological
 Sciences, 93:1-104.

 LOHMAN, K. E., 1938. Pliocene diatoms from the Kettleman Hills,
 California. U. S. Geological Survey Professional Paper, 189-C:81-
 102.

 LYDON, P., GAY, T., and JENNINGS, C., 1960. Westwood Sheet,
 Geologic Map of California. California Division of Mines and Geol-
 ogy, 1:250,000.

 MANGUIN, E., 1949. Contribution a la connaissance des diatom6es
 fossiles des dep6ts lacustres de l'Ankaratra. Annales Geologiques du
 Service des Mines, fascicule, 28:85-115.

 MCKEE, E. H., and STEWART, J. H., 1971. Stratigraphy and potassium-
 argon ages of some Tertiary tuffs from Lander and Churchill counties,
 central Nevada. U. S. Geological Survey Bulletin, 1311-B:1-28.

 MESSINA-ALLEN, S., and VANLANDINGHAM, S. L., 1970. Physi-
 cochemical conditions of deposition of Bacillariophyta in Davis
 Lake, Klamath and Deschutes counties, Oregon, U.S.A.
 Hydrobiologia, 35:31-44.

 MILLS, F., 1934. An index to the genera and species of the Diatomaceae
 and their synonyms. London: Wheldon and Wesley, 527-1480.

 MOLDER, K., 1939. Einige neue Diatomeen aus Finnland. Annales
 Botanici Societatis Zoologicae Botanici Fennicae "Vanamo,"
 11(3):18-22.

 MOLLER. J. D., 1892. Verzeichniss der in den Lichtdrucktafeln
 mollerscher Diatomamceen-Praparate enthaltenen Arten.
 Wedel: Selbstverlag des Herausgebers, 176 p.

 MOISEYEVA, A., 1960. Flora diatomovykh vodoroslei ver-
 khnetretichnykh otlozhenii Primorskogo Kraya i ee
 stratigraficheskoe znachenie. In: Dochetvertichnaya
 mikropaleontologiya, Moskva, 151-156.

 MOORE, B. N., 1937. Nonmetallic mineral resources of eastern Oregon.
 U. S. Geological Survey Bulletin, 875:1-180.

 MULRYAN, H., 1942. Fresh-water diatomite in the Pacific Coast region.
 Transactions of the American Institute of Mining and Metallurgical
 Engineers, 148:51-58.

 NOSKER, S. A., 1981. Stratigraphy and structure of the Sou Hills,
 Pershing County, Nevada. Thesis, University of Nevada, Reno, 1-60.

 OKUNO, H., 1952. Atlas of fossil diatoms from Japanese diatomite
 deposits. Kyoto: Kawakita Publishing Co., 1-49.

 ,1956. Electron-microscopic fine structure of fossil diatoms. IV.
 Transactions and Proceedings of the Palaeontological Society of
 Japan, new ser., 21:133-139.

 PACKER, D. R., and JOHNSTON, J. M., 1979. A preliminary investi-
 gation of the magnetostratigraphy of the Ringold Formation. Rich-
 land, Washington: Rockwell Hanford Operations, RHO-BWI-C-42.

 PALMER, C. M., 1969. A composite rating of algae tolerating organic
 pollution. Journal of Phycology, 5:78-82.

 PANTOCSEK, J., 1892. Beitrage zur Kenntniss der fossilen Bacillarien
 Ungars, Teil 3. Nagy-Tapolcsany: Julius Platzko, 42 pl.

 ,1903. Beschreibung und Abbildung der fossilen Bacillarien des
 Andesittuffes von Szliacs in Ungarn. Verhandlungen des Vereins fur
 Natur- und Heilkunde zu Pozsony, neue Folge, 15:1-20.

 , 1905. Beitrage zur Kenntniss der fossilen Bacillarien Ungarns,
 Teil 3. Berlin: W. Junk, 1-118.

 , 1913. A lutillai ragpalaban elo6fordulo Bacillariak vagy
 Kovamoszatok leirasa. Pozsony: Wignand K. F. k6nyonyomdaja,
 1-19.

 PETERSON, N. V., GROH, E. A., TAYLOR, E. M., and STENSLAND,
 D. E., 1976. Geology and mineral Industries Bulletin, 89:1-66.

 PROSCHKINA-LAVRENKO, A. I., 1950. Diatomovyi analiz, Kniga 3.
 Moskva-Leningrad:Gosudarstvennoe Izdatelystvo Geologicheskoi
 Literatury, 1-398.

 , 1974. diatomovye Vodorosli SSSR, Tom 1. Leningrad:
 Akademiya Nauk SSSR, Botanicheskii Institut im. V. L. Komarova,
 1-402.

 POWERS, H. A., 1947. Diatomite deposits of southwestern Idaho. Idaho
 Mineral Resources Report, 4:1-27.

 REHAKOVA, Z., 1971. Changements qualitatifs des associations de
 diatom6es dans les sediments tertiaires et quaternaires de
 Tchecoslovaquie. Paris: VIIIe Congres INQUA, 1969, Paldont.
 vegetale, 275-286.

 , 1980. Susswasserdiatomeenflora des oberen Miozans in der
 Tschechoslowakei. Sbornik geologickych ved, 23:83-184.

 ROBINSON, P., and STENSLAND, D., 1980. Geologic map of the
 Smith Rock area, Jefferson, Deschutes, and Crook Counties, Oregon.
 U. S. Geological Survey Map, 1-1142, 1:48,000.

 SCHMIDT, A., SCHMIDT, M., FRICKE, F., HEIDEN, H., MULLER,
 O., and HUSTEDT, F., 1874-1959. Atlas der Diatomaceen-Kunde.
 Leipzig: R. Reisland, Tafel 1-460.

 SERVANT-VILDARY, S., 1973. Le Plio-Quatemaire ancien du Tchad.
 Office de la Recherche Scientifique et Technique Outre-Mer, Cahiers,
 Ser. Gol., 5(2):169-215.

 SKVORTZOW, B. W., 1937. Neogene diatoms from Saga Prefecture,
 Kiushiu Island, Nippon. Memoirs of the College of Science, Kyoto
 Imperial University, ser. B, 12(2):157-174.

 SMALL, J., 1946. Tables to illustrate the geologic history of species-
 number in diatoms. Proceedings of the Royal Irish Academy, sect. B,
 50:295-309.

 SMEDMAN, G., 1969. An investigation of the diatoms from four
 Tertiary lake bed deposits in western Nevada. PaleoBios, 9:1-16.

 SMITH, G. A., 1986. Stratigraphy, sedimentology, and petrology of
 Neogene rocks in the Deschutes Basin, central Oregon: a record of
 continental-margin volcanism and its influence on fluvial sedimen-
 tation in an arc-adjacent basin. Richland, Washington: Rockwell
 Hanford Operations, RHO-BW-SA-555P.

 , 1988. Neogene synvolcanic and syntectonic sedimentation in
 central Washington. Geological Society of America Bulletin,
 100:1479-1492.

 SMITH, G. A., SNEE, L. W., TAYLOR, E. M., and BRADBURY, J. P.,
 1987. Reply to comment on "Stratigraphic, sedimentologic, and
 petrologic record of late Miocene subsidence of the central Oregon
 High Cascades." Geology, 15:1083-1084.

 195

This content downloaded from 
������������82.145.70.13 on Thu, 04 May 2023 06:58:30 +00:00������������ 

All use subject to https://about.jstor.org/terms



 S. L. VanLandingham: Biostratigraphy of Pliocene and Pleistocene diatomites, Terrebonne district, Oregon

 SOVEREIGN, H. E., 1958. The diatoms of Crater Lake, Oregon. Trans-
 actions of the American Microscopical Society, 77:96-134.

 STEARNS, H. T., 1930. Geology and water resources of the middle
 Deschutes River Basin, Oregon. U. S. Geological Survey Water
 Supply Paper, 637:125-212.

 SWADLEY, W. C., and CARR, W. J., 1987. Geologic map of the
 quaternary and Tertiary deposits of the Big Dune quadrangle, Nye
 County, Nevada, and Inyo County, California. U. S. Geological
 Survey Map, 1-1768, 1:48,000.

 TEDFORD, R. H., and GUSTAFSON, E. P., 1977. First North American
 record of the extinct Panda Parailurus. Nature, 265:621-623.

 TEMPERE, J., and PERAGALLO, H., 1889-1895. Diatomees collec-
 tion. Paris: Imprimerie Hy-Tribout, 1-304, 1-62.

 , 1907-1915. Diatome6es du monde entier. Arcachon: Grez-sur-
 Loing, 1-480, 1-68.

 THERIOT, E., QI, Y., YANG, J., and LING, L., 1988. Taxonomy of the
 diatom Stephanodiscus niagarae from a fossil deposit in Jingyu
 County, Jilin Province, China. Diatom Research 3:159-167.

 THERIOT, E., and STOERMER, E. F., 1981. Some aspects of morpho-
 logical variation in Stephanodiscus niagarae (Bacillariophyceae).
 Journal of Phycology, 17:64-72.

 , 1984. Principal component analysis of character variation in
 Stephanodiscus niagarae Ehrenb. Proceedings of the Seventh Inter-
 national Diatom Symposium, Philadelphia, 22-27 August 1982.
 Koenigstein: Otto Koeltz, 97-111.

 VANLANDINGHAM, S. L., 1985. Potential Neogene diagnostic dia-
 toms from the western Snake River Basin, Idaho and Oregon. Micro-
 paleontology, 31:167-174.

 , 1987a. Comment on "Stratigraphic, sedimentologic, and petro-
 logic record of late Miocene subsidence of the central Oregon High
 Cascades." Geology, 15:1082-1083.

 , 1987b. Observations on the ecology and trophic status of Lake
 Tahoe (Nevada and California, USA) based on the algae from three
 independent surveys (1965-1985). Great Basin Naturalist,
 47(4):562-582.

 , 1988a. Comment on "Late Miocene reactivation of ancestral
 Rocky Mountain structures in the Texas panhandle: a response to
 Basin and Range extension." Geology, 16:283-284.

 , 1988b. Comment and Reply on "Paleomagnetic and structural
 evidence for middle Tertiary counterclockwise block rotation in the
 Dixie Valley region, west-central Nevada," Geology, 16:756-757.

 WAGNER, D. L., and BORTUGNO, E. J., 1982. Geologic map of the
 Santa Rosa Quadrangle, California, Geologic Atlas of California.
 California Division of Mines and Geology, 1:250,000.

 WAITT, R. B., 1979. Late Cenozoic deposits, landforms, stratigraphy,
 and tectonism in Kittitas Valley, Washington. U. S. Geological Survey
 Professional Paper, 1127:1-18.

 WENDELL, W. G. 1970. The structure and stratigraphy of the Virgin
 Valley-McGee Mountain area, Humboldt County, Nevada. MS The-
 sis, Oregon State University, Corvallis, 1-130.

 WERFF, A. VAN DER, and HULS, H., 1957-1974. Diatomeeenflora

 van Nederland, Aflervering 1-10. Abcoude: Drukkerij Sprey. (with-
 out pagination).

 WESTGATE, L., and KNOPF, A., 1932. Geology and ore deposits of the
 Pioche district, Nevada. U. S. Geological Survey Professional paper,
 171:1-79.

 WILLIAMS, H., 1957. A geologic map of the Bend quadrangle, Oregon,
 and a reconnaissance geologic map of the central portion of the High
 Cascade Mountains. Oregon Department of Geology and Mineral
 Industries, 1:125,000 and 1:250,000.

 WILLIAMS, L. G., 1961. Plankton population dynamics. U.S. Depart-
 ment of Health, Education and Welfare, Publich Health Service
 Publication, 663(2):1-90.

 WOLLE, F., 1890. Diatomaceae of North America. Bethlehem, Pennsyl-
 vania: Comenius Press, 112 pl.

 WOOLMAN, L., 1892. Fresh-water diatomaceous deposit from Staked
 Plains, Texas. American Naturalist, 26:505-506.

 Manuscript received: May 27, 1988
 Revised manuscript accepted: June 5, 1989

 196

This content downloaded from 
������������82.145.70.13 on Thu, 04 May 2023 06:58:30 +00:00������������ 

All use subject to https://about.jstor.org/terms


	Contents
	image 1
	image 2
	image 3
	image 4
	image 5
	image 6
	image 7
	image 8
	image 9
	image 10
	image 11
	image 12
	image 13
	image 14
	image 15

	Issue Table of Contents
	Micropaleontology, Vol. 36, No. 2, 1990
	Front Matter
	Systematics of the North American Species of Profusulinella (Middle Pennsylvanian Fusulinidae) [pp.  105 - 140]
	Cryptogam Spores from the Upper Campanian and Maastrichtian of Seymour Island, Antarctica [pp.  141 - 156]
	Acicularia elongata: A Dasyclad Alga from the Corallian (Upper Jurassic) of North Yorkshire, U.K. [pp.  157 - 163]
	The Late Early Eocene Montagnais Bolide: No Impact on Biotic Diversity [pp.  164 - 172]
	A New Benthic Foraminifer Favocassidulina indica from the Indian Ocean [pp.  173 - 176]
	Quantitative Description of Pore Patterns in Radiolarians [pp.  177 - 181]
	Observations on the Biostratigraphy of Pliocene and Pleistocene Diatomites from the Terrebonne District, Deschutes County, Oregon [pp.  182 - 196]
	Back Matter



