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I N T R O D U C T I O N 
The mar ine Imper ia l Format ion was deposi ted at the head of the proto-Gulf of Ca l i fo rn ia 

dur ing the latest Miocene th rough late(?) Pliocene time. The f o r m a t i o n crops out discont inuously 
no r thward f r o m just south of the Ca l i fo rn ia -Mexico border to San Gorgonio Pass, Rivers ide 
County, Ca l i fo rn ia Exposures of the Imper ia l Format ion in Rivers ide County occur along the 
San Andreas -Bann ing f a u l t zone. Impor tan t exposures occur at Lions Canyon , Super Creek, 
Garne t Hil l , Edom Hill and Willis Palm (f ig . 1). The f a u n a s f r o m Super Creek, Garne t Hill and 
Willis Palm each "represent d i f f e r e n t env i ronments and f o r m the basis f o r this note. The Imperial 
Format ion in Rivers ide County a t t a ins a max imum thickness of 105 m and is d iv ided into two 
members separa ted by a t ime t ransgress ive bounda r y f r o m nor th to south. 

The lower, La t r an i a Sand Member (Keen and Bentson, 1944), whose type section is in Imperial 
County, is general ly composed of coarse- to medium-gra ined sandstone with scat tered 
conglomerat ic beds; it a t t a ins a max imum thickness of 30 m in Rivers ide County. The mollucan 
assemblage f r o m the La t r an ia Sand Member in Rivers ide County is charac te r ized by species that 
lived in a euhal ine , modera te - to high-energy, in ter t idal (?) to inner shel f , rocky to sandy habi tat . 
Taxa that commonly occur in Rivers ide County include Spondylus v/c/or/ae' tSowerby), Pycnodonte 
heermanni (Conrad) [ • "Ostrea" heermanni Conrad] , Dendostrea angelica (Rocheburne) , and 
Argopecten spp. (pi. 1). :•<*>.> ^ 

The u n n a m e d , upper member of the Imper ia l Format ion is about 75 m thick in Rivers ide 
County. In this area it represents a low- to modera te -energy , outer shelf f ac ies and is composed 
of medium- to f i ne -g ra ined sands tone and sil tstone. Charac te r i s t i c b iva lve mollusks in this 
member in Rivers ide County inc lude Cyclopecten sp. c f . C. pernomus (Hert le in) , Dendostrea? 
vespertina (Conrad) , and Anomia peruviana d 'Orb igny (pi. 1). ^ 

P A L E O E CO L O G Y 
Super Creek Area 

Both members of the Imper ia l Format ion are exposed along Super Creek. The La t r an i a Sand 
Member occurs in small d i scont inuous synclines (f ig. 2), and appears to have been deposited in 
small pocket beaches in rocky headlands . The outcrops are charac te r ized by a b u n d a n t Spondylus 
victoriae and Dendostrea angelica ^ h a t are f o u n d a t tached to large clasts in conglomerat ic 
str ingers. Bernard (1983) reports D. angelica in water depths of 1 to 5 m and S. victoriae f r o m 10 
to 40 m. Thus the La t r an i a Sand Member along Super Creek was probably deposited in shallow 
subt idal depths tha t deepened upsection to between 10 and 40 m at the top of the member. These 
beds are over la in by a 70- cm thick "worm tube" marl at the top of the La t ran ia Sand Member. 
The env i ronment of deposi t ion of the marl was not de te rmined because of the poor preservat ion 
of its fossils. 

The L a t r a n i a Sand Member is over la in by medium- to f ine -g ra ined sands tone and sil tstone of 
the unnamed upper member . About 10 m above the top of the L a t r a n i a Sand is a bed of Atrina n. 
sp. preserved in l i f e posi t ion. Atrina is f o u n d in wate r dep ths f r o m 1 to 125 m in the eastern 
Pac i f ic , but only A. text a Her t le in & Strong, is repor ted to occur below 30 m. Benthic 
f o r a m i n i f e r s f r o m this bed suggest inner ner i t ic wate r dep ths (0-50 m) (K. A. McDougall , wr i t ten 
commun., 1981). Together these da t a suggest water dep ths of less t han 50 m f o r the lower par t of 
the unnamed upper member of- the Imper ia l Format ion . Near the top of the upper member, 
Cyclopecten sp. c f . C. pernomus and many shell f r a g m e n t s have been concen t ra ted into small shell 
lag deposits , possibly by currents . Water depth du r ing deposi t ion of this uni t is unc'iear, but the 
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occurrence of C. sp. c f . C. pernomus l imits the depth to 355 m (Bernard , 1983). Benthic 
f o r a m i n i f e r s t h roughou t the uppe r member ind ica te tha t water depths increase to middle and 
outer ne r i t i c dep ths (50-150 m) nea r the top of the f o r m a t i o n (K. A. McDougall , wr i t ten commun., 
1981). 

In the Super Creek a rea , the Imper ia l Fo rma t ion is over la in by med ium- to coarse-grained 
sands and conglomera t ic beds of the Pa in ted Hil l Fo rma t ion , previously in te rpre ted as al luvial 
f a n deposi ts by Al len (1957). T h e i n t e r f i n g e r i n g of the Pa in ted Hil l Fo rma t ion wi th ner i t ic silts 
of the Imper ia l Fo rma t ion ind ica tes tha t the base of the Pa in ted Hill Format ion probably is not 
of a l luv ia l f a n or ig in . 

G a r n e t Hil l Area 
About 17 m of the L a t r a n i a Sand Member a re poorly exposed on G a r n e t Hill . These beds are 

composed of coarse- to f i ne -g ra ined sands tone wi th a b u n d a n t gneissic and marb le clasts as much 
as 2 m in d iamete r . Some of these clasts have been bored by l i thophagid bivalves ( iden t i f i ed by 
G. L. K e n n e d y , oral commun. , 1984). Also present on some of the clasts are poorly preserved 
specimens of Spondylus sp. and Dendostrea sp. c f . D. angelica. Pycnodonte^Heermanni is a b u n d a n t as 
f l oa t on the south slope of Ga rne t Hill . These species, a l though inconclusive as to their 
env i ronmen ta l pa ramete rs , suggest shallow water depths wi th at least some areas of exposed 
rocks. 

Willis Palm Area x * 
T h e Imper ia l Fo rma t ion at Willis Palm consists of about 53 m of general ly f ine -gra ined 

sands tone a n d sil tstone. Th ree shell beds a re exposed in th is s e c t i o n . / T h e f i r s t contains 
u n i d e n t i f i a b l e mollusk f r a g m e n t s , c r ab chel ipeds, and the gastropod Melampus sp., which suggests 
a salt marsh env i ronmen t . Abou t 2 m above th is bed is a 2-m-thick oyster b ioherm composed of 
f l a t to s l ight ly p l ica te Dendostrea? vespertina. --This b ioherm suggests a modera te ly shallow bay or 
lagoonal env i ronmen t . T h e th i rd shell bed, about 15 m above the base of the f o r m a t i o n , is 20 cm 
th ick and composed of a b u n d a n n w e l l preserved shells. Th is bed is charac te r i zed by the bivalve 
mollusks Leptopecten palmeri ^(Dall), Cyclopecten sp. c f . C. pernomus/Cyrtopleura costataS 
(Linnaeus) , a n d a b u n d a n t corbul ids . These species suggest shal low wate r dep ths between 1 and 
90 m. Benth ic f o r a m i n i f e r s f r o m this section ind ica te shal low wate r (K. A. McDougall , wr i t ten 
commun., 1984). Fossils f r o m th roughou t the Willis Palm section ind ica te tha t water depths 
increased f r o m very shal low inner ner i t i c (< 10 m) at the f i r s t shell bed to a m a x i m u m depth of 
inner nere t ic (10 - 50 m) just above the top shell bed, and then shal lowed to less than 10 m at the 
top of the f o r m a t i o n . 

CONCLUSIONS 
Other exposures of the Imper ia l Format ion are present in Rivers ide County but were either 

inaccessible d u r i n g the present s tudy (Lions Canyon) or con ta ined such a meager f a u n a that 
paleoecological analys is was impossible (Edom Hill). 

The sect ions a t Super Creek and G a r n e t Hil l appea r to be older t h a n those exposed at Willis 
Palm. These re la t ive-age es t imates a re based on b ios t ra t ig raph ic da t a and on an unpubl ished 
K / A r d a t e on a basal t f l o w in the Pa in ted Hil l Fo rma t ion along Super Creek (J. C. Mat t i , personal 
commun. , 1984). T h e Super Creek section seems to represent a deepen ing basin: the in te r t ida l or 
shal low sub t ida l rocky shore f ac i e s of the L a t r a n i a Sand Member at the base of the fo rmat ion 
grades in to midd le and ou te r ne r i t i c f i ne -g ra ined cont inenta l -she l f f ac ies of the upper member at 
the top of the f o r m a t i o n . Sediments exposed at G a r n e t Hill appea r to represent the same 
env i ronmen t as represented by the L a t r a n i a Sand Member at Super Creek. The Willis Palm 
section represents a t ransgress ive-regress ive sequence s t a r t ing wi th a salt marsh env i ronment , 
which grades upscct ion in to a shal low lagoon or bay, cha rac te r i zed by an oyster b ioherm. This is 
fo l lowed f u r t h e r upsect ion by a sl ightly deeper , possibly open mar ine env i ronment , which again 
changed to shal low or possibly in te r t ida l depths at the top of the f o r m a t i o n . 
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F igure 1. Index map showing locali t ies of the Imper ia l Format ion in the s tudy area. 
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F igure 2. S t r a t i g raph ic re la t ionships of the unnamed upper member and the Latrania Sand 
Member of the Imper ia l Fo rma t ion , and thei r i n f e r r e d depths of deposi t ion along Super 
Creek, R ive r s ide County , Ca l i fo rn i a . 
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PLATE 1 (All f igu res x l except as indicated)UCR8*ftz>zsJJ*Cmj> I & 2 0 S 

F i g u r e ^ Pycnodonte (Pycnodonte?) heermanni (Conrad , 1855) .J-ef t valve. LACMIP 7162; length 
131 mm, height 148 mm. sp. CIT loc. 192. F igures 2 and 3 .^Anomia peruviana d 'Orb igny , 1846. 
Ar t i cu la ted valves. UCMP 37531; length 49.9 mm, height 35.1 mm. UCMP loc. A-1417. Figure C 
Spondylus victoriae Sowerby, 1859. R igh t valve. UCMP 37532; length 35.4 mm. height 39.6 mm. 
UCMP loc. A-3188. F igure 5 .^Cyclopecten sp. c f . C. pernomus (Her t le in , 1935). Right valve. 
UCMP 37533; length 4.4 mm, height 4.8 mm. UCMP loc. A-1407. F igure 6. ^Argopecten sp. c f . A. 
mendenhalli (Arnold , 1906). L e f t valve?. UCR 5035/11; length 17.1 mm, height 18.1 mm. UCR 
loc. 5035 F igure 7 .^Argopecten sverdrupi (Durham, 1950). Righ t valve. UCR 5042/23; length 
39.1 mm, height 34.6 mm. U C R loc. 5042. F igure 8. Leptopecten (Leptopecten) palmeri (Dall, 
1897). L e f t valve. UCR 4777/1 1; length 26.3 mm, height 27.6 mm. UCR loc. 4777. F i g u r e ® ^ 
Dendostrea? vespertina (Conrad , 1854). Right valve. LACMIP 7163; length 31.1 mm, height 38.1 
mm. CIT loc. 187. F igure (^)^t>endostrea angelica (Rocheburne , 1895). L e f t valve. LACMIP 
7164; length 79.5 mm, height 80.5 mm. UCR loc. 8595. 


