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ABSTRACT: Important artifacts have been found in situ (i.e., uot redeposited) within lacustrine deposits in the Valsequillo region. 
These deposits contain many diatoms which indicate an age corresponding to the Sangamonian Interglacial sensu lato (80,000 to ca. 
220.000yr BP). Two of the four samples in this study are associated with the Dorenberg skull or with stratigraphic units which contain 
bifacial tools. The remaining two samples are from diatomaceous deposits which are also Sangamonian and stratigraphically above the 
artifact units. These four diatomaceous samples yielded 30 extinct and 143 extant diatom taxa. The ages of the four samples correspond to 
other diatomaceous samples (some of which are associated with artifacts) from nearby Valsequillo localities. A post-Sangamonian age 
for these four diatom-bearing samples is discounted by the presence of Navicula bronislrrae and N. dorenbeqi, both of which have short 
stratigraphic ranges and are known only from the Sangamonian (or its equivalents), and by 13 diatoms which evidently have known long 
stratigraphic ranges and extinctions before the end of the Sangamonian. An age no older than Sangarnonian for the artifacts and their en- 
closing diatomaceous deposits is indicated by the presence of two diatoms (Epitliemia zebru var. undulntn and Navicula creguti) known 
only from Sangamonian (or = age) or younger and by an extant diatom, Cymbella cistula var. gibbosa (C. gibbosa), which has its first oc- 
currence in the Sangamonian. 

INTRODUCTION 

Diatom analysis can be quite useful in archaeological studies, 
as many, such as Battarbee (1988), have noted. It is still a 
greatly under-used technique, given the large number of impor- 
tant archaeological sites which are known to be associated with 
diatom deposition, e.g., Lubbock Lake (Hohn and Hellerman 
1961), Clovis (Lohman 1935). etc. After pioneering diatom 
studies in archaeology by cuch investigators as Reichelt (1 899) 
and Lohman (1935), in the last few decades diatom studies in 
relation to archaeology have greatly intensified, e.g.: Wuthrich 
(1971), Neolithic of Lake Neuchatel, Switzerland: Risberg 
(1988), Kyrktorp, Sweden; Denys (1992). Gent, Belgium; and, 
Mori (19991, 48 archaeological sites in Japan. 

It was known in Europe over a century ago that the so-called 
"Puebla Man" or Valsequillo artifacts were older than the Last 
Ice Age (Reichelt 1900). Despite evidence from geology, geo- 
morphology, radiometric dating, tephrochronology and micro- 
paleontology, most American archaeologists ignore or refuse to 

I believe the great antiquity of these artifacts (Steen-McIntyre 
2002). Claims as those, such as Picardo (1997), of 30,000yr BP 
or less for the tools at Valsequillo are still inconclusive (see 
Covey 2002). Some have made special efforts to discredit the 
great antiquity of important artifacts from the Valsequillo sites 
(including Hueyatlaco) and have tried to cast doubt upon the 
age determinations of these artifacts and the careful archaeolog- 
ical work in the Valsequillo region by such investigators as 
Armenta Camacho (1978) and Irwin-Williams (1967). 

The contributions of Reichelt (1899, 1900), Hustedt (1913, 
1934, 1966). and VanLandingham (2000, 2002a) added to our 
knowledge of fossil diatoms and Chrysophyta cysts of the 
Puebla (Valsequillo) region and are adequate to make a very 
good case for an age assignment of Last Interglacial or 
Sangamonian sensu lato (= 80.000 to ca. 220,000yr By]. Nu- 

merous radiometric dates mentioned by such investigators as 
Szabo et al. (1969) and Naeser ex Steen-McIntyre et al. (1981) 
from rocks within the region would also denote a last intergla- 
cial (or older) age for the Hueyatlaco artifacts. 

The main purpose of the present report is to demonstrate with 
freshwater diatom biostratigraphy that the age of the Dorenberg 
skull and associated Hueyatlaco artifacts is Sangamonian, and 
not, as suggested elsewhere, a much later date. 

MATERLALS AND METHODS 

Four samples (group 1) from the Hueyatlaco site were selected 
for comparison with two samples (group 2) of the same age but 
foreign to Mexico and with three samples (group 3) of younger 
ages from adjacent areas in Mexico. Biostratigraphic determi- 
nations were based on microscopic examinations of these 9 
samples in which 246 taxa of diatoms were identified (tables 1 
and 2). 

Group 1. Middle Pleistocene (Sangamonian or equivalent) age, 
Hueyatlaco and Valsequillo regions of Mexico: 

CAS 191090 - Material scraped by H. Reichelt (1899) from in- 
side the Dorenberg skull from south of Puebla, Mexico; slide 
prepared by F. Hustedt in 1949; corresponds with unit D - upper 
unit E zone (from sites 2-4 on text-figure 1 : see also text-figure 
2); contains the syntype of Surirella nhscura Reichelt in 
Hustedt (1913) (see Mahood 1978. p. 343) and the topotypes of 
Navicula dorerzbergi Reichelt (1900) and Pirznularia sub- 
jZexuosa Hustedt (1934); from the California Academy of Sci- 
ences (CAS) H. E. Sovereign Collection of microscope slides, 
accession number 600000. 

VL1972 - Collected February 1,1930, by G. J. Sielaff from the 
north side of the Rio Atoyac, 75 miles southeast of Mexico City 

micropaleontology, vol. 50, 170. 4,  pp. 313-342, textlfigures 1-4, plates 1-9, tables 1-4, 2004 31 3 
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TEXT-FIGURE 1 
Map of Valsequillo Reservoir area south of Puebla, Mexico, showing places where diatom bearing deposits were sampled 
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TEXT-FIGURE 2 
These five stratigraphic sections and cores of H. E. Malde (collected in 1964.1973) in the Valsequillo Reservoir area correspond with 1-5 on text-figure 
1). Hueyatlaco Archeological Site composite is modified from Steen-McInty1.e et 31. (1981) and Irwin-Williams (1967,1973). Measured section 14 com- 
posite (with 14C dates) is modified from Szabo et al. (1969). Pennate to Centric (P:C) ratio is at the right of each sample number. A-J = Irwin-Williams 
units (unit His not shown). BG = BalsasGroup. BVL = BuenaVistaLapilli. CF= Channel Fill. HA = Hueyatlaco Ash. TBM =TetelaBrow n Mud. TEP= 
Tepetate. XT = Xalnene Tuff. Dotted lines = biostratigraphic correlations between diatom samples which correspond to the unit D - upper unit E zone. 
Long dashed lines = biostratigraphic correlations between other diatom samples. Long solid lines = lithostratigraphic co~~elations. 
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TABLE 1 
Percentages o f  extant taxa in samples from groups 1 ,  2. and 3. X = < 1%. 

Achnanthes a f f i n i s  ......................... 
A. c l e v e i  .................................. -- 
A. e x i g u a  .................................. - 
A. hauck iana  ............................... - 
A. l a n c e o l a t a  .............................. - 
A. l a n c e o l a t a  v.  d u b i a  ..................... - 
A. l a n c e o l a t a  v.  e l l i p t i c a  ................. - 
A. l a n c e o l a t a  v.  r o s t r a t a  .................. - 
A. mic rocepha la  ............................ - 
A. m i n u t i s s i m a  ............................. - 
A. o e s t r u p i i  ............................... - 
A. p e r a g a l l i  ............................... - 
Amphicampa m i r a b i l i s  ....................... 
Amphora c o f f e a e f o r m i s  ...................... 
A. c o f f e a e f o r m i s  v.  a c u t i u s c u l a  ............ - 
A. g i g a n t e a  f .  minor  ....................... - 
A. o v a l i s  .................................. -- 
A. o v a l i s  v. a f f i n i s  ....................... -- 
A. o v a l i s  v .  p e d i c u l u s  ..................... -- 
A. p r o t e u s  ................................. - 
A. spp.  .................................... - 
A. v e n e t a  .................................. -- 
Anomoeoneis s p h a e r o p h o r a  ................... 
A. sphaerophora  v .  g u e n t h e r i  ............... - 
A. sphaerophora  v .  s c u l p t a  ................. - 
Calone i s  b a c i l l u m  .......................... 
C. l e w i s i i  ................................. - 
Cocconeis d i m i n u t a  ......................... X 
C.  d i s c u l u s  ................................ - 
C. p e d i c u l u s  ............................... - 
C. p l a c e n t u l a  .............................. - .................. C. p l a c e n t u l a  v.  e u g l y p t a  - X 

................ C. p l a c e n t u l a  v .  i n t e r m e d i a  - X 
C. p l a c e n t u l a  v.  l i n e a t a  ................... X X - ................... Cosc inod iscus  marginatum X 

........................... C. o c u l u s  i r i d i s  X 
C y c l o t e l l a  atomus .......................... X 
C.  dub ius  .................................. -- X 
C. g lomera ta  ............................... - X 
C. meneghiniana ............................ - X 
Cymatopleura e l l i p t i c a  v.  c o n s t r i c t a  ....... X 
C .  s o l e a  ................................... -- 
Cymbella a f f i n i s  ........................... 3 
C. a s p e r a  .................................. - X 
C. c i s t u l a  ................................. - 6 
C. c i s t u l a  v .  g i b b o s a  ...................... - 2 
C.  cymbiformis  - ............................. 2 
C. d e l i c a t u l a  - .............................. 2 
C. g r a c i l i s  ................................ - 
C .  h a u c k i i  - ................................. X 
C. h e l v e t i c a  ............................... X 
C. l a n c e o l a t a  .............................. - X 
C. mexicana ................................ - X 
C. m i c r o c e p h a l a  - ............................ X 
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TABLE 1, continued. 
Percentages of extant taxa in samples from groups 1, 2, and 3. X = < 1%. 

Cymbella m u e l l e r i  .......................... X - 
C. m u e l l e r i  v .  v e n t r i c o s a  .................. - X 
C.  p a r v a  ................................... - X 
C.  p e r p u s i l l a  .............................. - X 
C .  s i n u a t a  v .  o v a t a  ........................ - X 
C.  spp .  .................................... - X 
C.  t u r g i d a  ................................. - X 
C.  v e n t r i c o s a  .............................. X X X X - 
C y m b e l l o n i t z s c h i a  d i l u v i a n a  ................ X 
D e n t i c u l a  e l e g a n s  .......................... 16  
D.  e l e g a n s  v .  k i t t o n i a n a  ................... X X - 
D. e l e g a n s  v .  v a l i d a  ....................... 2 X - 
Diatoma t e n u e  v.  e longatum ................. X 
D.  v u l g a r e  v .  g r a n d i s  ...................... - 2 
D. v u l g a r e  v .  p r o d u c t a  ..................... - 
D i p l o n e i s  bombus ........................... X 
D.  o v a l i s  .................................. -- X 
Epi themia  a r g u s  ............................ X 
E. a r g u s  v .  l o n g i c o r n i s  .................... 40 X - - - 

E. a s p e i t i a n a  .............................. X - 
E. g o e p p e r t i a n a  ............................ - 
E. i r r e g u l a r i s  ............................. X - 
E. s o r e x  ................................... -- 
E. t u r g i d a  ................................. X - X 
E. t u r g i d a  v.  g r a n u l a t a  .................... - X 
E. z e b r a  ................................... X X -- 
E. z e b r a  v .  p o r c e l l u s  ...................... X -- 2 
E. z e b r a  v .  p r o b o s c i d i a  .................... X -- 
E. z e b r a  v .  s a x o n i c a  ....................... X -- 
E u n o t i a  f l e x u o s a  ........................... 
E. g r a c i l i s  ................................ - 
E. l u n a r i s  ................................. - 
E. monodon ................................. - 
E. p e c t i n a l i s  .............................. X - 
E. p e c t i n a l i s  v.  minor ..................... - 
E. p e c t i n a l i s  v.  u n d u l a t a  .................. - 
E. v a l i d a  .................................. -- 
F r a g i l a r i a  b r e v i s t r i a t a  .................... X X - 
F. b r e v i s t r i a t a  v.  l i n e a r i s  ................ - 
F. capuc ina  v.  m e s o l e p t a  ................... - 
F. c o n s t r i c t a  .............................. - 
F. c o n s t r u e n s  - .............................. X 
F; c o n s t r u e n s  v.  b i n o d i s  ................... - 
F. c o n s t r u e n s  v.  v e n t e r  .................... - X 
F. c r o t o n e n s i s  - ............................. X 
F. h u n g a r i c a  v .  i s t v a n f f y i  ................. - 
F. i n t e r m e d i a  .............................. - 
F.  l a p p o n i c a  - ............................... X 
F.  l e p t o s t a u r o n  ............................ X X - 
F. l e p t o s t a u r o n  v.  rhomboides .............. - 
F. n i t z s c h i o i d e s  ........................... - 
F. p i n n a t a  ................................. 
F. p i n n a t a  v .  l a n c e t t u l a  ................... - 
F. p i n n a t a  v .  i n t e r c e d e n s e  ................. - 
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TABLE 1, c o n t ~ r ~ ~ t e ~ l .  
Percentages of extant taxa in  sarnples from groups 1.2, and 3. X = < 1%. 

F r a g i l a r i a  p i n n a t a  v .  t u r g i d u l a  ............ 7 
.......... Gomphonema acuminatum v. montanum X 

G .  a n g u s t a t u m  .............................. - X 
G .  g r a c i l e  ................................. - 
G .  g r a c i l e  v .  l a n c e o l a t u m  .................. - 
G .  i n t r i c a t u m  .............................. - 
G .  l a n c e o l a t u m  v .  i n s i g n i s  ................. - 
G .  l o n g i c e p s  v.  s u b c l a v a t a  ................. - 
G .  l o n g i c e p s  v .  s u b c l a t a t a  f .  g r a c i l i s  ..... - ................................ G .  pa rvu lum - 
G. p f a n n k u c h e a e  ............................ - 
G .  s u b c l a v a t u m  v .  cornmutatum ............... - 
G.  undula tum ............................... - 
Gyrosigma a t t e n u a t u m  ....................... 
H a n t z s c h i g  amphioxys ....................... 
H .  amphioxys v .  c a p i t a t a  ................... - 
H .  amphioxys v.  v i v a x  ...................... - 
M a s t o g l o i a  e l l i p t i c a  v .  d a n s e i  ............. X 
M e l o s i r a  ambigua  ........................... 
M. a r e n a r i a  ................................ X - 
M. g r a n u l a t a  ............................... X - 
M. i t a l i c a  - ................................. X X 
M. v a r i a n s  ................................. - 
N a v i c u l a  a b i s k o e c s i s  ....................... 
N. amph ibo la  ............................... - 
N.  a s e l l u s  ................................. - 
N.  b i s k a n t e r a e  ............................. - 
N. n e a r  b i s k a n t e r a e  ........................ - 
N. c o c c o n e i f o r m i s  .......................... - 
N.  c r u c i c u l a  ............................... - X 
N .  c u s p i d a t a  ............................... - X 6 
N.  c u s p i d a t a  v .  ambigua  . . . . . . . . . . . . . . . . . . . .  X 2 X - 
N.  c u s p i d a t a  v .  h e r i b a u d i  .................. - X 
N. d i c e p h a l a  ............................... - 
N .  g a s t r u m  ................................. - X 
N.  g a s t r u m  v .  mino r  ........................ - X 
N .  j a e r n f e l t i  .............................. - 
N. k r a s s k e i  ................................ - 
N .  m e n i s c u l u s  v .  u p s a l i e n s i s  ............... - 
N.  m u t i c a  .................................. -- 11 X 6 
N. m u t i c a  v .  c o h n i i  ........................ X 3 -- 
N. o b l i q u a  - ................................. X 
N .  p u p u l a  .................................. X X - 
N .  p u p u l a  v.  c a p i t a t a  ...................... - 3 
N. p u p u l a  v .  r e c t a n g u l a r i s  ................. 2 1 0  
N. ob longa  ................................. X - 
N.  r a d i o s a  v. t e n e l l a  ...................... X - 
N.  s c h o e n f e l d i i  ............................ - 
N.  s c u t e l l o i d e s  ............................ - 
N.  semen ................................... -- 
Neidium i r i d i s  v.  a m p l i a t u m  ................ 
N .  p roduc tum ............................... X - 
N i t z s c h i a  a c u t a  ............................ 
N. amph ib i a  ................................ - 
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TABLE 1. conrirzued. 
Percentages of extant taxa in samples from groups 1. 2, and 3. X = i 1%. 

N i t z s c h i a  d e n t i c u l a  ........................ 39 
N. f a s c i c u l a t a  ............................. - X  
N. f r u s t u l u m  ............................... - X  

S.  a n c e p s  v.  h y a l i n a  ....................... - X  
S .  n e a r  s c h i n z i i  - ........................... X 
S  t e p h a n o d i s c u s  astraea v .  m i n u t u l a  ......... X 
S .  h a n t z s c h i i  - .............................. X 
S.  i n v i s i t a t u s ?  - ............................ X  
S .  n i a g a r a e  - ................................ X 

............ S u r i r e l l a  b i s e r i a t a  v.  r o s t r a t a  
S.  c a p r o n i i  ................................ - 
S. o b s c u r a  ................................. 5  - 
S .  o v a l i s  .................................... -- 
S. s p i r a l i s  ................................ X - 
S y n e d r a  a c u s  ............................... 

............... S .  rumpens v .  f r a g i l a r i o i d e s  - 
S.  rumpens v.  m e n e g h i n i a n a  ................. - X  
S.  u l n a  .................................... -- X 1 4  3 
S .  u l n a  v .  o x y r h y n c h u s  ..................... -- 
S. u l n a  v.  o x y r h y n c h u s  f .  c o n t r a c t a  ........ -- 
S. v a u c h e r i a e  .............................. X - 
T a b e l l a r i a  f e n e s t r a t a  ...................... 
TOTAL EXTANT TAXA 34  89  27  31 

N. h u n g a r i c a  ............................... X  - 
N. k i t t l i i  ................................. 
N. l o r e n z i a n a  .............................. - X  
N. l o r e n z i a n a  v .  s u b t  i l i s  .................. - X 
N. o r e g o n a  - ................................. X  
Opephora m a r t y i  ............................ X 
0 .  m a r t y i  v .  amphioxys  ..................... - 
0 .  m a r t y i  v .  c a p i t a t a  ...................... - X 
0 .  p a c i f  i c a  ................................. - 
0 .  s p .  ..................................... - 
P i n n u l a r i a  a c r o s p h a e r i a  .................... 
P .  b i c e p s  f .  p e t e r s e n i  (= P. i n t e r r u p t a )  .... 
P .  b o r e a l i s  ................................ - ................ P .  b o r e a l i s  v .  b r e v i c o s t a t a  - ................. P .  b r a u n i i  v.  a m p h i c e p h a l a  - 
P .  b r e b i s s o n i i  ............................. - 
P.  b r e v i c o s t a t a  ............................ - 
P .  g i b b a  v.  l i n e a r i s  ....................... - 
P .  m a j o r  ................................... - X 
P o ' m a j o r  v .  p a g e s i i  ........................ X - 
P. m i c r o s t a u r o n  ............................ - X X X  
P .  s p p .  .................................... - X 5  

........................ P .  v i r i d i s  v.  m i n o r  - ..................... P .  v i r i d i s  v.  s u d e t i c a  - 
R h o i c o s p h e n i a  c u r v a t a  ...................... 
R h o p a l o d i a  g i b b a  ........................... X  
R. g i b b a  v.  v e n t r i c o s a  ..................... - X  
R. g i b b e r u l a  ............................... X 
R. musculus  .............................. X - 
R. p a r a l l e l a  ............................... 25 X  - 
S t a u r o n e i s  a n c e p s  ........................... 

...... S .  a n c e p s  v .  g r a c i l i s  (= & g r a c i l i s ) .  - 
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text-figure I ;  see also text-figure 2); CAS G. Dallas Wanna Dla- 
tom Collection accession number 2221. 
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VL2082 - Collected September 23, 1997, by V. Steen-Mclntyre 
at the H~leyatlaco archaeological site (3 on text-figure 1) (see 
also text-figure 2) on the north side of the Valsequillo Reser- 
voir, at the base (120-130cm from the surface) of the 
Hueyatlaco Ash: repository at CAS. 
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VL2083 - Collected September 24, 1997, by V. Steen-McIntyre 
at the Hueyatlaco archaeological site (3 on text-figure I)  (see 
also text-figure 2) on the north side of the Valsequillo Reser- 
voir, at the base of the Buena Vista Lapilli (35-40cm from the 
surface). "Superhydration curve (for water in glass vesicles) es- 
sentially equal to Hueyatlaco Ash and to Yellowstone Tephra 
dated 25 1 ,000yr"; repository at CAS. 
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Group 2. Middle Pleistocene (Sangamonian) age, United States 
and Canada: 

MIDDLE 

Valley brickyard, Toronto, Ontario, Canada; fourth sand (.92m) 
above the Illinoian till. Don #4 (.3m above Illinoian till), and 
Don #20 (5.5m above Illinoian till) may be included with Don 
#6. all three of which correspond with the Sangamonian Inter- 
glacial Stage (based upon pollen and other fossils). 

LATE 

VL1904 - Collected October 28, 1988, by S. L. Van- 
Landingham from SW 114 SW 114 SW 114 sec. 30, T. 42 N., R. 
55 E., Elko County, Nevada, 2.4km northwest of bridge over 
the North Fork of the Humboldt River; from a stratigraphic po- 
sition near the top of the Hay Ranch Formation (middle Pleisto- 
cene); repository at CAS. 

Group 3. Modern, Holocene or postglacial age, State of Puebla 
and adjacent regions, Mexico: 

VL854 - Obtained from General Biological Supply House Inc., 
Chicago, Illinois, 1966; No. 6. cleaned diatomite (postglacial) 
from the Ciudad Tlaxcala area, Tlaxcala State, Mexico; reposi- 
tory at CAS. 

Don # 6 - Collected and described by H. C. Duthie and R. G. M. CAS 181014 - Collected by F. W. T. Kincaid, Summer, 1933; 
Rani (1967) of the University of Waterloo, Ontario; from Don modern water sample from Lake Xochilmilco, Distrito Federal, 
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TEXT-FIGURE 4 
Stratigraphic ranges of 65 extinct diatom taxa from the six lines of biostratigraphic correlation shown in text-figure 2. See table 3 for taxon occurrence 
within the 15 samples used in the six lines of biostratigrahic correlation. 
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Mexico; elevation 2,260m; repository at CAS, H. E. Sovereign 
Collection slide CAS 181014, accession No. 600350. 

VL2084 - Collected September 23, 1997, by V. Steen-McIntyre 
at Hueyatlaco archaeological site (3 on text-figure I )  in unit A 
of Irwin-Williams (see text-figure 2); from top 5cm of modern 
soil which rests on top of Buena Vista Lapilli ; repository at 
CAS. 
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Other biostratigraphic work included the microscopic examina- 
tion of additional samples from measured sections 8 and 14, 
cores 2 and 4, and the Hueyatlaco archaeological site (text-fig- 
ure I) which yielded the 65 extinct diatoms listed in table 3 and 
text-figure 4 and which resulted in the six lines of 
biostratigrahic correlation shown in text-figure 2. 
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The biochronology of diatom-bearing sequences in samples 
collected by H. E. Malde of the United States Geological Sur- 
vey in 1964-1970 from four localities in the Valsequillo region 
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(measured section 8, core 2 , core 4, and measured section 14) 
all correlated with numerous diatomaceous samples from the 
Hueyatlaco archaeological site including the four samples in 
group 1 (see text-figures 1 and 2). These biostratigraphic corre- 
lations between samples were based on taxa extinct at the end of 
the Sangamonian, earliest known first occurrences, domi- 
nance/subdominance associations. and Pennate to Centric (P:C) 
ratios. These correlations are consistent with a Sangamonian 
age (determined by the diatoms and Chrysophyta cysts in two 
previously published studies, i.e., VanLandingham 2000. 
2002a) for the group 1 samples associated with the Hueyatlaco 
site and its artifacts (including the Dorenberg skull). 
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Taxa extinct at the end of the Sangamonian 
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These two previous studies of sedimentary deposits surrounding 
artifacts at the Hueyatlaco archaeological site have yielded a list 
of 4 Chrysophyta cysts (VanLandingham 2002a) and 15 dia- 
toms (VanLandingham 2002b) which were extinct at the end of 
the Sangamonian (i.e., ostensibly not known after the start of 
the last ice age): a late glacial or postglacial age for the four 
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TABLE 2 
Percentages of extinct taxa in samples from groups 1.2. and 3. Notice that group 3 samples (VL 854, CAS 181014, and VL. 2084) have no extinct taxa. 
X= < 1%. 
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$ 9 9 9  a e, d P 9 ? $  ....... Achnanthes  b i a s o l e t t i a n a  v .  f o s s i l i s  X 
A. l a p i d o s a  f .  r o b u s t a  ..................... - X 
Cymbella cymbiformis  v .  p r o d u c t a  ........... X 1 0  X 3 
C. p l u t o n i c a  ............................... X - 
C.  p r o v o e n s i s  .............................. - X ..................... C. s i n u a t a  v .  l a t i c e p s  - .................................. C.  s t u r i i  -- X ........................... Diatorna c a p i t a t a  X 
E p i t h e m i a  c i s t u l a  v. l u n a r i s  ............... X 
E. i r r e g u l a r i s  v .  e l o n g a t a  ................. X - 
E. z e b r a  v. u n d u l a t a  ....................... X -- 
E u n o t i a  p e c t i n a l i s  v. u n d u l a t a  f .  t r i o d o n  . . 
E. s e r p e n t i n a  v. t r a n s s i l v a n i c a  ............ - 
F r a g i l a r i a  l a p p o n i c a  v. a t t e n u a t a  .......... X 
F. l e p t o s t a u r c n  v.  a m p h i t e t r a s  ............. X - 
Gomphonema d u o s t r i a t u m  ..................... 
G. i n s i g n e  v. acumina ta  .................... - X 
G. p a r v u l u m  v.  c lava tum .................... - X X .................... G. parvulum v.  f o s s i l i s  - X 
H a n t z s c h i a  amphioxys v.  k a r e l i c a  ........... X 
Navicu la  b r o n i s l a a e  ........................ X 
N. c r e g u t i  ................................. - X 
N. e l g i n e n s i s  v .  campylonema ............... - 
N. d o r e n b e r g i  .............................. 3 - 
N. s s e u d o s c u t i f o r m i s  v .  major  .............. - 
N. r o t u n d e l l a  .............................. - 
N i t z s  c h i a  d e n t i c u l a  v. p l i o c e n i t a  .......... 
P i n n u l a r i a  esox f. major  ................... 
P .  e s o x  f .  r e c t a  ........................... -- 
P. f o n t e l l i i  ............................... - 
P.  s u b f l e x u o s a  ............................. 20 - 
Rhopalod ia  g i b b a  V. i u g a l i s  ................ 
S t e p h a n o d i s c u s  e x c e n t r i c u s  ................. X 
S .  l i n e a t u s  v .  c a r c o n e n s i s  ? ................ - X 
S .  p a n t o c s e k i  .............................. - X 

TOTAL EXTINCT TAX4 8 1 7  6  3 2* 4  0  0 0 

RATIOS OF PENNATE TO CENTRIC DIATOMS 
( I n c l u d e s  b o t h  e x t i n c t  and  e x t a n t  t a x a )  81:1 1841 174:l 266:l 1618:l 250:l 1:1.2 7:1 1311 

* E x t i n c t  t a x a  l i s t e d  h e r e  a r e  f rom c l o s e l y  r e l a t e d  s t r a t a  a t  t h e  same s i t e  a s  Don 
//6 ( i . e . ,  Don 114 and Don /I20 r e s p e c t i v e l y  a r e  s l i g h t l y  below and above t h e  Don 1/6 
s a m p l e ) .  

samples in group 1 is eliminated by these 19 extinct taxa. The 4 
extinct chrysophyte cysts are: Outesia mcmbranosa (Traclzelo- 
nzonns yberiensis v. nzembt-anosa) Frenguelli (1932) and Cyst 
type 5, 11 (plate 7, figure 76), and 14 of VanLandingham 
(1964) (see Covey 2002 and VanLandingham 2002a). The 15 
extinct diatoms (shown In text-figure 3) are: Aclznontl~es 
biasolettiana v. fossilis Frenguelli (1936), A. lapidosa f. 
robusta Moiseeva (1960) (plate 6, figure 1-2), Cynzbella 

plutonica Pantocsek (1892) (plate 4, figure l ) ,  Dirrtonza 
capitata Lauby (1910) (plate 6. f~gure 23-25; plate 8, figure 6), 
El~itlzrinia cistula v. lunaris Grunow (1882) (plate 4, figure 4-7; 
plate 8, figure ?-), Eunotia serpenzina v. tru~issilvaniccz 
Pantocsek (1892) (plate 7, figure 50). Fragilas~n leptostauron 
v. amphitetras Grunow (1882) (plate 4, figure 9: plate 8, figure 
11-14), Gon~phonemn lnslgne v. acuminrztu HCribaud (1902) 
(plate 8, figure 9). G. parvlllun~ v. clavntunl Okuno (1952) 


