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I.ABSTRACT 

Four bathysiphonid localities are de­
scribed from the Late Jurassic to mid-Cre­
taceous Yolla Bolly terrane of northern 
coastal California: Point Saint George near 
Crescent City (with abundant Bathysiphon 
aaltoi ); Little Lost Man Creek near Orick 
(rare Bathysiphon sp.); Redwood Creek 
also near Orick (abundant B. cashmanae 
rare B. aaltoi); and Berry Summit east of 
Arcata (rar e Bathysiphon sp. cf. B . aaltoi). 
All occurrences are in fine-grained deep­
sea fan deposits containing trac e fossils 
characteristic of the N ereites ichnofacies. 
A series of large, nearl y complete tes ts ap­
proximat ely 100 mm in length from Point 
Saint George permits a more accurate and 
complete description of B. aaltoi. 

II. INTRODUCTION 

This paper reviews discoveries of large 
bathysiphonid foraminiferids in Francis ­
can flysch. These records are intende d to 
supplement previous papers on taxonom y 
(Miller 1986a, 1988b) and paleo ecology 
(Miller 1988a, 1989). Four localitie s ar e 
known (Fig. 1), which have yield e d two 
different species of Bathysiphon in associa ­
tion with deepwater trace fossil as­
semblages. All the bathysiphonid localities 
are within the Y olla Bolly terrane and all 
the specimens occur in fine-grained turbi­
dites. The bathysiphonids and traces ap­
pear to be the only fossils representing 
original deep-sea benthic communities of 
Yolla Bolly fan-trench environments; am­
monoids and Buchia bivalves reported 
from the same rocks are almost certainly 
transported or displaced in some way and 
do not represent the indig enous fauna. It is 
significant also that the northern California 
specimens described here are among the 
largest fossil bathysiphonids ever de­
scribed. In addition, there is evidence of a 
possible ecologic association invo lving an 
endobenthic trace-making organism and 
B. aaltoi , and I provide notes on the 
taphonomy and the nature of the material 
filling internal cavities of tests. 

Extensive collec ting at the Point Saint 
George locali ty (Fi g. 1) has yield ed hun­
dreds of new speci mens of B. aalt oi, in­
cluding severa l ne arly complet e, mature 
tests. Be cause the origina l desc ription was 
based on small fragm e nts (Miller , 1986a), a 
redescription based on the new materia l is 
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Figure I. Bathysiphon localities in north­
ern Cali forn ia: A, Point Saint George; B, 
Littl e Lost Man Creek; C, Redwood 
Cr ee k ; D, Berry Summit. MaJor faults 
boundi ng tectonost ratigraphic terranes in­
clude: 1. Coast Range; 2, Redwood Moun­
ta in ; 3, Grogan; 4, Bald Mountain; 5, 
Coasta l Belt. Terranes include: k, Klamath 
Province undifferentiated; p, Pickett 
P ea k ; ey, Eastern belt of Y olla Bolly ter­
rane; wy, Western belt of Yolla Bolly; cm, 
Central melange; co, Coastal. Terranes 
west of the Coast Range fau lt are part of 
the Franciscan Complex; cover units are 
not shown (from Miller, 1988a). 
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warranted. Specimens used in the r ede­
scription, as well as spec im e ns illu str at ing 
different modes of preserva tion , are desig­
nated topotypes and are hou sed in the 
Paleobiology Collections, U. S. National 
Museum , Washingto n, D. C. (U SNM ). 

III. GEOLOGIC CONTEXT 

All loca lities are within the Yolla Bolly 
terrane, one of about a dozen tectono­
st ratigraphic terranes that make up the 
Franc iscan Complex. The age and or igin 
of Yo Ila Bolly rocks in northern Californi a­
sout he rn Oregon have been discussed by 
Jayko and Blake (1987) and Aalto (1989a). 
Dominant lithologi es include graywacke 
sandsto ne , mudstone/shale, and radiola­
rian chert occurring in melange or broken 
format ion contexts at most localitie s. These 
rocks rang e in age from Late Jur assic to 
mid-Cretaceo u s: the older dates are ba se d 
on radio larians and a n iso lated occurrence 

of ich thyo sa ur r e ma ins in open-ocean 
siliceou s se diments (Camp, 1942; Murch ey 
and Jone s, 1984); th e younger date s are 
based on ammonoid specimens in nysc h 
deposits (e .g. , Harden et al., 1982), and 
probably cover an interval of de velopment 
of near-continent d ee p -sea fans. Buchia 
bivalves suggest ing Late Jur ass ic-Early 
Cretaceous ages ha ve been reported from 
these roc ks (Blak e a nd Jon es, 1974). Al­
though freque ntl y mentioned in the litera ­
ture, the Franciscan bivalve dat es have 
uncerta in s ign ifica nce becau se s he lls may 
have been transported from possibly 
older, upslope deposits or could be tecto n i­
cally reworked. The most r easonab le age 
for the bathysiphonid-bearing flysch, then , 
appears to be Early to mid-Cretaceous. 

The localities described here are all in 
blocks or di srupted sequences of fine ­
gra ined , th in-bedded turbidit es (Fac ies D 
of Multi and Ricci Lucchi , 1978). Turbidite 
deposit s of thi s type acc umulat e in "distal " 

Figure 2. Fine -grained turbiditcs at Point Saint George. S, Facies D beds with promi­
nent, lc1.terally continuous sandstone layers having Bouma Tn11- or T,h- divisions; M, mud­
dominated Facies D beds with thin, wispy sand and silt lamin a tion s . Large hathysip ­
honids occur in both k inds of beds; sm<..111 fragments are us ually res tric ted to the thickr-r 
sandstone layers . 



No. 3 Fra nciscan Bathysiphonid 73 

fan environments, such as outer fan lobes, 
fan fringes and interchannel basin s. Yolla 
Bolly turbidites at Point Saint Geor ge con­
tain a diverse and abundan t trace foss il as­
semblage composed of graphog lypt ids and 
burrow systems of both sedentary and 
motil e deposit -feeders, typical of off-shelf 
or deep-basinal environm e nt s. Geologic 
se tting , fin e -grained turbidit es and trace 
fossils ta ke n together point to deposition in 
outer fan a reas in a trench-slope basin or 
at a trench floor in abyssa l depths . 

IV. BATHYSIPHONID LOCALITIES 

Po int Saint George (Localit y A, Fig. 1).­
The site yielding the large st number of 
bathysiphonid specimens is a quarry road 

immediately west of Radio Road on Point 
Saint George. The exact localit y is 500 m 
south of the old Coast Guard Station (now 
a medical clinic) on the Point and 1.9 km 
north of Castle Rock seastack, southwest 
quarter Crescent City 7.5' quadrang le. 
Turbidite beds containing bathysiphon id 
tests in varied states of preservation , from 
small transported fragments to nearly com­
plete specimens, are shown in Fi g. 2. This 
is the type locality of Bathysiphon aaltoi, 
and is the focus of several recent studies 
(Miller 1986a, b, 1987, 1988a, 1989, 1990). 
The geology of Franciscan rock s at Point 
Saint George has been described by Aalto 
(1989b) and Aalto and Murphy (1984). 

The most important new material col­
lected here consists of numerou s large 

Fig u re 3. Bathysiphon aaltoi from Point Saint George: a small segment shov.·mg micro· 
str·iatcd exter ior su rface; b, end view of same segment; c. thin-section of immature region 
with gho sts of r ecrysta llized sponge spicules in the thickest wall suh<livision I plarw 
pol arize d light) ; d, pyrite f'ramboids in th e dark material filliny int(•rnal cavity of d te~. 
Bar sca les: a and b, 2 mm; c. 0.2 mm; d, 10 mi crometres (a.band c from Miller. 1988a). 
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tests of B. aaltoi (Pl. I, fig. 3, 5), which indi ­
cate the size of fully developed individuals 
that thrived for long intervals (decades?) 
between episodes of seafloor disturbance 
caused by turbidity currents. The largest 
specimens are almost 100 mm in length and 
could be close to the maximum size for the 
species (see redescription). Although tests 
40 to 50 mm in length are moderately com­
mon in the shale interbeds, the largest 
specimens are slightly transported or top­
pled tests in the turbidite sandstone layers 
(Pl. 1, fig. 3). More typically, only small 
barrel-shaped fragments are found in the 
sandstone. Occasionally these fragments 
are concentrated as graded lag deposits 
near the base of turbidite beds (Pl. 1, fig. 
2). Such accumulations would seem to rep­
resent the catastrophic disruption of a 
"thicket", or localized patch, of bathysip­
honids, with thousands of individuals 
swept-up by a turbidity current and buried 
beneath a carpet of turbidite sand, proba­
bly during a single event. The sources of 
these accumulations - the original bathy­
siphonid thickets - are represented by 
specimens like that shown in Pl. 1, fig. 1. 
This is the sole of a turbidite sand bed with 
dozens of protuberances, many containing 
a small immature fragment of B. aaltoi. 
The protuberances arc sand-cast pits that 
contained the living bathysiphonids , usu­
ally one individual organism per pit, with 
tests oriented vertically. Sediment gravity 
flows reaching this part of the seafloor 
sheared off the upper mature parts of the 

te sts, while simultaneously filling the pit s 
containing the immature part s of tests with 
sand (Miller, 1988a). Thus, these are the 
basal parts of small depressions that 
housed a living bathys iphonid, oriented 
vertically with the wide r mature end pro­
truding above the seafloor (see reconstruc ­
tion of life orientation in Fig. 4). Bed s with 
the sand-cast bathysiphonid pits can be 
traced lat erally for several metres, ind icat­
ing large aggregat ions of these peculiar 
foraminiferids at the seafloor. 

Other remarkable discover ies at Point 
Saint George include ba thy sip hon ids in life 
position assoc iated with burrow systems in 
a way suggesting interaction between the 
foraminiferid and the trace-maker (Pl. 1, 
fig. 6). This is the only case of a possible 
ecologic association involving bathysip­
honids in the Yolla Bolly. The nature of the 
interaction is unknown. 

Rare individuals (Pl. 1, fig. 7) appear to 
have been toppled and rolled in sediment 
before burial, rather like rolling a mush­
room in Oour before pan-frying. The illus­
trated specimen has a first coat of sand and 
a second coat of mud. Processes responsi­
ble for this unusual form of preservation 
are not clear. 

Two features of the Point Saint George 
specimens are worth mentioning. Thin­
sections reveal that tests were constructed 
with sponge sp icules and possibly diatom 
or radiolarian debris (Fig. 3c). Yet spicules 
and other siliceous bioclasts have not been 
found in the surrounding matrix. The 

PLATEl 
Figures 
1. Sole of turbidite sandstone bed from Point Saint George with sand-cast pits containing 

immature portions of Bathysiplwn aaltoi tests; USNM 454582. 
2. Slab-section of' turbidite sandstone from Point Sa int George showing density-graded 

lag of transported B. aaltoi tests; plane of section is perpendicular to bedding; USNM 
454583. 

3. Toppled B. aaltoi test in sandstone from Point Saint George. 
4. Small specimen of Bathysiphon sp. cf. B. aaltoi from Berry Summit. 
5. Bed ofturbiditc sandstone from Point Saint George, broken open and v iewed end-on, 

showing the largest B. aaltoi test recovered so far. The toppled, broken test is 96 mm 
in length and located at the base of the bed; such specimens suggest that mature ind i­
viduals were approximately 100 mm in length or perhaps longer; USNM 454581. 

6. Association of trace fossils and in situ bathys iphonid s, shown on sole of sandstone bed 
from Point Saint George. 

7. Bathysiphonids in a sandstone stream pebble, probably derived from the Yolla Bolly 
terrane. (Rulers in 1, 6 and 7 graduated in em's and mm's; bar scales in 2, 3, 4 , 5 and 
8represent 10mm.) 
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Figure 4. Prob able orientation of 
Bathysiphon aaltoi in life and associa te d 
trace fossils. A , Live vert ically-oriente d 
tests and dead tests of B. aaltoi: B , Chon­
drite s; C, Paleodictyon; D , Megagrapton; 
E , Phycosiphon ; F, Taenidiu 1n; G, ?Plano­
lites. C and D are graphoglypt id trace fos­
sils; B. E and F are depo s it-feeder bur­
rows; G is burrow of a motile graze r or 
scavenge r. (Not drawn to scale; from Mil­
ler, 1988a.). 

microstriations on the exte rior of B. aaltoi 
could result from recrysta llize d spicu les 
that formed "thatching" on the outer su r­
face of tests. Extensive use of spicules in 
the construction of modern bathysiphonid 
tests has been documented many times 
(Cushma n , 1910; Hofker, 1972; Gooday , 
1988a,b). In add ition , the dark -co lored ma­
terial filling internal cavities of tests some­
times contains sulfide min erals . Close 
examination of these spec ime ns show s that 
some of the material cons ists of frambo idal 
pyrite (F ig. 3d), w hich mig h t ind icate act iv­
ity of su lfat e-reduc ing bacteria (e.g., thiop ­
neutes that re quir e so~- for resp iration 
and yie ld H 2S as a by-product [Marg uli s 
and Sc hwart z, 1988, p. 44 I). Pyrit e fram­
bo ids, however, can be produced inorga ni­
cally (Gold haber and Kapl a n , 1974). None­
theless, it is tempti ng lo interpret the fram­
boids as the products of free -living sulfate­
reducing bacteria that exp loited the in ­
sides of bathy siphonid tes ts as anae robic 
microhabitats, e ither after the "ho st" pro ­
list died or poss ibly whil e it was st ill oc ­
cupying part of the te st. 

At the sout hern end of Enderl s Beach , 
about 7.5 km sout hea st of Cre sce nt City 

(east-central Sis te r Rocks 7.5' quad­
rangle), a few bathysiphonids resembling 
B. aaltoi were collected by Dr. Greg 
Harper in 1989. Thi s locality is close to the 
Point Saint Geor ge site and specimens 
were in mud sto ne with thin silt interlami­
nations. 

Little Lost Man Cr eek (Locality B , Fig. 1).­
Thi s locali ty is in the bed of Littl e Lo st Man 
Creek near Orick. The site is a stretch of 
creek containing abundant shale cobbles , 
located between 2 and 3 km southeast of 
the County Fi sh H atc hery on U. S. High­
way 101 and rough ly 4. 7 km north east of 
the Redwood Creek bri dge at Orick , east­
central Orick 7.5 ' quadrang le. 

The few bat hys iphon ids from this local­
ity occur in shale with sil t interl am ination s. 
Althou gh the spec imens a re referrabl e to 
Bathysiphon , they cannot b e d ete rmin ed to 
spec ie s owing to poor preservation. The 
tests are bent into C-shapes; the largest is 
28 mm lon g an d 2.5 mm in diameter , while 
the sma lles t is 13 mm long a nd 0.8 mm in 
diameter. Th e bent, fla ttened spec imens 
indic ate that tes ts origina lly were flexible. 
T he on ly other fossils fou nd h e re a re abun­
dant depos it-feeder burrows ass ign able to 
Phy cosip hon. Mr. Dan a Wate rs pr ese nted 
the samples from this s ite, which he col ­
lected in 1990. 

Redwood Creek (Loca lit y C , Fig. 1).- The 
locality is in a tribu tary of R ed wood Creek 
on the west side of Bald Hill s Road. Thi s is 
the type locality of Bathysiphon cashmanae 
Miller, 1988. Bathysiphonids were col­
lect ed from a n outcrop of folded a rgillite, 
approx imately 100 m upstream from the 
Klamath-Korbel logging road owned by 
Simpson Timber Co., 3 .2 km w es t of 
Sc h oo lhou se Peak and ap pr ox imately 2 
km so u th of Child s Hill Prairie , ce ntral 
Coyote Peak 15' qu adrangle. Geology of 
th e Redwood Cr ee k area was described by 
Harden et al. (1982), who reported 
the Cenomanian ammo noid s Desmo ceras 
(Pseu douhl igella) japon icum and Calyco­
ceras sp. from the same mappin g unit co n­
ta inin g the bathysiphonids. T he a mmo ­
noids see m to fix the minimum age of near­
contin ent flysc h d e po sits in the Yoll a Bolly 
terr ane. 

Th e Redwood Creek site has y ielded 
abund ant B. cashma nae and a fe w spec i-
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mens of B. aaltoi described by Miller 
(1988b). Samples were collect ed by Mr. 
Sam Morrison in 1975. 

Berry Summit (Locality D, Fig. 1).-A large 
earthflow at Berry Summit in eastern 
Humboldt County contain s a rgi llite blocks 
with small bathysiphonid tes ts (PL 1, fig. 
4). The specimens wer e collected 50 to_ 200 
m south (downslope) from th e parking lot 
at the Summit overlook , south side of State 
Highway 299, southe as t qu arter of Lord­
Ellis Summit 7.5 ' qu adra ng le. 

The rare tests from thi s s ite are minute 
(18 to 12 mm long , 1.5 to 0.5 mm in diame­
ter), straight-sid ed form s ass igned provi­
sionally to B. aaltoi . No oth er fossils have 
been found he re, and the melange in 
which the earthflow is developed is not 
likely to yield w e ll p reserved bathysip­
honids and tra ce foss ils. 

Cobbles and pebbles in Quaternary fluvial 
deposit s .- A sand stone pebble presented 
by Mr. Lin coln Garlick contains several 
bathysiphonid s th at may be B. aaltoi (PL 1, 
fig. 8). Th e sp eci m en was collected from 
drivew ay fill in Fieldbrook, Humboldt 
Count y , an d was probably excavated from 
th e vicinit y of th e Mad River. The ultimate 
sourc e p robably was in the Yolla Bolly ter­
ran e . 

V . RE DESCRIPTION OF 
BATH YS IPHON AALTOI 

In 1986, I d escr ibed Bathysiphon aaltoi 
based on only five test fragments from 
Point Sai nt George. S ince those specimens 
wer e co llect ed, hundreds of add itional 
test s ha ve bee n foun d a t th is same locality. 
Becau se the se new di scover ies appear to 
includ e n early comple te mat ur e tests, the 
original d escription n eeds to be emended 
accordin gly . Th e class ificat ion th at follows 
is the new arrangement used in the com­
prehensive revi ew of fora mini fe r ids by 
Loeblich and Tapp a n (1988). 

Order FORAMINIFERID A Eichwald, 
1830 

Suborder TEXTULARII NA 
Delage and Herouard , 1896 

Superfamily ASTRORHI ZACEA 
Brady , 1881 

Family BATHYSIPHONIDAE 
Avnime lech, 1952 

BATHYSIPHON M. Sars, 1872 

BATHYSIPHON AALTOI Miller, 1986 
Plate 1, figures 3, 5; Fig. 3a, b, c 

Description: Test very large, straight-sided 
and gradually tapering, hollow cylinder , circu­
lar to elliptical in cross-sect ion and open at both 
ends; wall made of microcrystalline quartz and 
apparently concentrically zoned; outermost di­
vision approximately 10 to 20 micrometre s thick 
and associated with surface microstriations 
oriented subparallel to long axis of test (Fig. 3a); 
discontinuous layer beneath the surface layer 
approximately 10 micrometres thick with grains 
1 to 5 m icrometres in diameter ; the most con­
spicuous wall division is l00's-of-mi crometres 
thick and contains ghosts of recrystallized 
sponge spicules and other bioclasts (Fig. 3c), 
with the spicules generally 100-200 micrometres 
in length; internal cavity lined with discontinu­
ous layer approximately 10 to 20 micrometres 
thick like that immediately beneath the outer­
most division (Miller, 1988a); largest test ob­
served 96 mm long, suggesting maximum test 
length of 100 mm or slightly more, and 2.5-3.5 
mm in diameter; maximum wall thickness ap­
proximately LO mm; most specimens with weak 
annular constrictions at irregular intervals along 
length of test; origina l pliancy of test wall 
suggested by axial crease and figure-eight cross­
section shapes of man y larger compressed 
specimens (Fig. 3a , b). 

Type specimens : Original type specimens, 
syntypes USNM 399552-399556; figured speci­
mens in this paper (topotypes), USNM 454581-
454583. 

Discussion : Ecology of B. aaltoi has 
been evaluat ed by Miller (1988a; 1989). 
Biostratigraphi c potential has not been as­
sessed. However, the species has been 
found only in fin e-grained turbidites within 
the Y olla Bolly terrane in northern Califor­
nia. Similar rocks of Early to mid-Cretace­
ous age along the western margin of North 
America shou ld contain this species, and 
reports of siliceous tube fossils (often iden­
tified as Terebellina and regarded as an­
nelid body fossils or grain-lined burrows) 
from th e region probably include bathy­
siphonids. 
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