
classification purposes. Additional stud- 
ies could indicate strains with properties 
that provide useful genetic information. 
Methylomonas sp. 761M, with its re- 
sponses to the presence of supplemented 
nutrients, now offers a system for study- 
ing the genetics of obligate methane- 
oxidizers. 

Derivatives of broad host-range conju- 
gative and mobilizable plasmids have 
been constructed and can serve as clon- 
ing vectors in methylotrophs. Encoding 
multiple drug resistances and possessing 
several cloning sites, these plasmids en- 
able the construction of gene banks that 
can be maintained in E. coli and trans- 
ferred to methylotrophs. The use of R- 
prime plasmids for the mobilization of 
chromosomal markers is an effective 
way to bypass in vitro recombinant DNA 
techniques. The application of such in 
vivo cloning methods to methylotrophs 
has provided a means for the identifica- 
tion of desired genes. A resident meth- 
ylotroph plasmid has been implicated in 
chromosome mobilization, and this 
could have broader applications for gene 
transfer. 

These developments establish the 
foundation for advancing the knowledge 
of methylotroph genetics and for apply- 
ing this knowledge toward the beneficial 
use of this interesting group of bacteria. 
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early Tertiary have been dated mainly by 
comparing them with mid-northern lati- 
tude floras, although limited and at times 
tenuous association with marine or 
brackish-water beds containing datable 
invertebrates has been reported for 
North and West Greenland (3, T ) ,  Spits- 
bergen (8), and west-central Ellesmere 
Island (6) .  The discovery of land verte- 
brate fossils of early to middle Eocene 
affinities in the upper part of the Eureka 
Sound Formation (9) at Bay Fiord on 
Ellesmere Island (locality 4, inset map in 
Fig. 1) provided an apparently reliable 
and independent source of relative age 
dates keyed to the land-mammal se- 
quence of western North America 
(10). 

Five areas on Axel Heiberg and Elles- 
mere islands (inset map in Fig. 1) have 
now yielded substantial megafloral and 
palynological collections (11, 12) as  well 
as invertebrate (10, 13) remains and addi- 
tional vertebrate material from the Bay 
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Fiord area (Fig. 1). The stratigraphic 
elevation of each of the localities with 
fossils was determined from measured or  
reconnaissance sections or from trigono- 
metric extrapolation on aerial photo- 
graphs. 

After detailed sampling in the Bay 
Fiord area, Vinssn (14) produced a mag- 
netic anomaly profile through the Eureka 
Sound Formation, which was later recal- 
ibrated and revised (Fig. 2 ) .  This revi- 
sion is based on the magnetic anomaly 

ages of Lowrie and Alvarez (15), recog- 
nition of the distinctive "stuttered" mag- 
netic normal interval 24 associated with 
vertebrates of Eocene affinities, place- 
ment of normal zone 25 at the base of the 
Clarkforkian Provincial Stage in its type 
area in the Bighorn Basin of Wyoming 
(16), and recognition of long magnetic 
normal interval 33 near the base of the 
Eureka Sound sequence. This latter as- 
signment is corroborated by the finding 
of marine mollusks of late Santonian to 

early Campanian age in member I of the 
Eureka Sound Formation on Fosheim 
Peninsula (locality 2 in Fig. 1) (6) and by 
a diverse assemblage of Campanian di- 
noflagellates in sediments of member I1 
south of Bay Fiord (locality 4 in Fig. 1) 
(17). 

When the stratigraphic ranges of the 
Arctic vertebrates and plants were plot- 
ted with the revised magnetic zonation, 
striking disparities with the mid-latitude 
temporal ranges were noted for many 

Fig. I .  Magnetostratigraphic, E u r e k a  
absolute, and relative correla- a S o u n d  
tion of units of the Eureka Y) m e m b e r s  
Sound Formation and the .c " i : ;  Y) 

O .- - Y )  
- rn 

ranges of selected plant and ver- a ig 
tebrate taxa. Localities of sam- b ; - " , ~  

Revised 
R A N G E S  

ple sites are shown on the inset ,? .g c f  G E 2 k C  
magnetic ; 2 ; 0 :<.. 4 map. Chronology of the Revised Pollen Megaflora Ver tebrates 

Magnetic Standard (RMS) and standard a o> a 3 E ui 2 - N m * m w h m m o - N m - f ~  o - N m V m w h m m o - N m w m  o-Nm.w(LX-mm ------ N N N N N N N N N N 0 0 0 0 0 0  V V * V V f V V * V  

correlation with the standard 
epochs and ages follow Lowrie 
and Alvarez (15) .  The RMS was 
correlated with North American 50 
Provincial Stages (16, 31) as in- 
dicated by the solid lines divid- 
ing the provincial ages; the 
dashed lines indicate our in- 55 
ferred placement of the stage 
boundaries. Eureka Sound 
members are designated infor- 
mally (6). The position of a col- 
lection of marine mollusks of 60 
late Santonian to early Campa- . . . . .  . . . .  nian age is shown by the dot to 
the left of the member column; 
the asterisk and bracket mark ; . . . .  
the stratigraphic range of the S 65 
Campanian dinoflagellate flora 
(17). For pollen ranges, abun- 5 
dance is indicated as follows: g . . . . .  

. . . . . .  dashed line, rare (< 1 percent); 5 . . . . .  , . 

. . . . . .  thin line, moderate (1 to 5 per- . 70 . . . . .  . . . . . .  cent); and thick line, common 2 . . . . .  . . . . . . . .  (> 5 percent). Post-Campanian 
occurrences of pollen groups 1 
and 2 probably represent re- 
worked grains. For megafloral 75 900 75' 6v 

and vertebrate taxa, solid lines 
indicate occurrence, and x's in- 
dicate occurrence at a single lo- . . . . .  
cality. Key to taxa: for pollen, . . . . .  
1) "Oculata" groups including 80 
Wodehousia and Azonia, 2) 
Expressipollis and the Tripro- 
jectacites group including Aqui- 
lapollenites, Integricorpus, 

85 Manicorpus, and Triprojecrus, 
3) Tricolpires n, sp., 4) Polyves- 
tibulopollenites verus (Potonie) 
Thompson and Pflug 1953 (Al- 
nus type), 5) "Betula" claripires Wodehouse 1933 and Caryapollenites, 6) Triporopollenites mullensis (Simpson) Rouse and Srivastava 1972 and 
Paraalnipollenites alrerniporus (Simpson) Srivastava 1975, 7) Platycaryapollenites spp., 8) Ulmipollenites spp., 9) Polyatriopollenites stellatus 
(Potonie) Pflug 1953, 10) Pistillipollenires rncgregorii Rouse 1962, 11) Triprojectus sp. cf. T. echinatus Mtchedlishvili 1961, 12) Tiliaceae- 
Bombacaceae, 13) Ailanthipites berryi Wodehouse 1933, 14) Pandaniipites sp. ,  and 15) Smilacipites sp. cf. S ,  echinatus Wodehouse 1933 and a 
new genus and species of the Triprojectacites group; for megaflora, 20) "Arnpelopsis" acerifolia (Newberry) Chaney, 21) Metasequoia 
occidentalis (Newberry) Chaney, 22) "Carya" antiquorum Newberry, 23) Cercidiphyllum sp, cf. C ,  genetrix (Newberry) Hickey, 24) Betula 
stevensonii Lesquereux, 25) Glyprostrobus europaeus (Brongniart) Heer, 26) Averrhoires afinis (Newberry) Hickey, 27) Platanus raynoldsii 
Newberry, 28) Zingiberopsis attenuata Hickey and Peterson, 29) Platanris nobilis Newberry, 30) cf. Chaetoptelea microphylla (Newberry) 
Hickey, 31) Vinea sp. ,  32) Comptonia cuspidata Lesquereux, 33) cf. "Grewiopsis" tennesseensis Berry, 34) "Pterocarya" hispida Brown, and 
35) Zingiberopsis isonervosa Hickey; for vertebrates, 40) Coryphodon sp. ,  41) Hyrachyus sp. ,  42) rodents, 43) Lambdotheriurn sp. ,  44) 
Geochelone sp. ,  45) phenacolemurid, 46) Emydidae, 47) Pantolestes sp. ,  48) Manteoceras sp., and 49) tillodont. Localities on inset map: 1) 
Strand Fiord, 2) Fosheim Peninsula, 3) South Bay, 4) Bay Fiord, and 5) Stenkul Fiord. Abbreviations: KK, Kanguk Formation; Sant., Santonian; 
Maas., Maastrichtian; and Lut. ,  Lutetian. 
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taxa (Fig. 1). Thus, among vertebrates, 
forms characterizing the Wasatchian 
(early Eocene) and Bridgerian (middle 
Eocene) Provincial stages (18) at middle 
northern latitudes occur just above mag- 
netic normal interval 25, or in the late 
Paleocene, equivalent to the Clarkfor- 
kian Provincial Stage (16). Hyrachyus, 
known previously from very late Wasat- 
chian and Bridgerian strata, and Panto- 
lestes, of apparent Bridgerian age, occur 
in this Arctic Clarkforkian interval (Fig. 
1). Other precocious forms include tor- 
toises and emydid turtles of modern as- 
pect (44 and 46 under vertebrates in Fig. 
1) (13). In general, these anomalous oc- 
currences are from 2 to 4 million years 
earlier in the Arctic than at more south- 
ern latitudes. 

Still more drastic heterochroneity is 
apparent among plants, especially in the 
lower- to midportion of the Eureka 
Sound Formation. Aquilapollenites, 
Azonia, Wodehousia (pollen groups 1 
and 2 in Fig. I), and other members of 
the typical latest Cretaceous palynoflora 
of mid-latitude western North America 
and northeastern Asia disappear, except 
as reworked material, by the early part 
of the Campanian Stage. The palynoflora 
that replaces them (zones B and C) and 
that persists through the remainder of 
the Cretaceous in the high Arctic is char- 
acteristic of the early and late Paleocene 
at mid-northern latitudes. The same is 
true of the associated megaflora. How- 
ever, the floral sequence returns to syn- 
chroneity with that of lower latitudes at 
the lower boundary of zone D, which 
coincides approximately with the begin- 
ning of the Eocene. Disagreement in 
apparent ages between pollen and ma- 
rine assemblages has been recorded pre- 
viously in the high Arctic but was not 
recognized as significant (5, 19, 20). 

Our data provide strong evidence that 
the terrestrial Arctic biota of the latest 
Cretaceous and early Tertiary was pro- 
foundly out of phase with that of more 
southerly latitudes until the Eocene Ep- 
och. In the Arctic, forms that character- 
ize Paleocene strata at middle latitudes 
first occur in early Campanian beds, 
approximately 18 million years before 
they appear to the south. Pollen taxa 
like Pistillipollenites mcgregorii (10 
in Fig. 1) and numerous megafossils 
including Metasequoia occidentalis and 
"Carya" antiquorum (21 and 22 in Fig. 
1) probably had their origins in Arctic 
regions and spread southward during the 
climatic deterioration of the latest Creta- 
ceous and early Paleocene (21). Thus, 
suggestions of heterochroneity of Late 
Cretaceous and Tertiary mid- and high- 
latitude floras (22), although recently 
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questioned (23), appear to be a reality. 
Among vertebrates, a moderately di- 

verse assemblage of perissodactyls ap- 
pears rather suddenly at mid-latitudes at 
the beginning of the Eocene. Radinsky 
has proposed the middle Paleocene 
phenacodontid condylarths, particularly 
Tetraclaenodon, as plausible ancestors 
for the primitive perissodactyl Hyracoth- 
erium (24). However, of the two purport- 
ed late Paleocene occurrences of Hyra- 
cotherium, the one from Wyoming (25) is 

chronously in the Clarkforkian record of 
both the Arctic and middle latitudes 
while other forms like the rodents and, 
among the plants, Platycarya, appear 
approximately synchronously with their 
earliest occurrences at mid-latitudes. It 
is important to note, however, that since 
vertebrate fossils are not found below 
member IV of the Eureka Sound Forma- 
tion, these occurrences represent mini- 
mum ages for their presence in the Arc- 
tic. 

Abstract. Magnetostratigraphic correlation of the Eureka Sound Formation in the 
Canadian high Arctic reveals profound difference between the time of appearance of 
fossil land plants and vertebrates in the Arctic and in mid-northern latitudes. Latest 
Cretaceous plant fossils in the Arctic predate mid-latitude occurrences by as much 
as 18 million years, while typical Eocene vertebrate fossils appear some 2 to 4 million 
years early. 

of dubious provenance (26, 27) and that 
from Baja California (28) of somewhat 
uncertain age (27). In addition, the sug- 
gestion of a Central American source of 
perissodactyls (29) has only the Baja 
California occurrence and evidence of 
climatic warming to support it. On the 
basis of the magnetic correlation we pro- 
pose, the primary radiation, if not the 
origin, of this group may well have taken 
place not in the subtropics but in the 
Arctic. Similarly, the dermopteran Pla- 
giomene and land tortoises have their 
first appearance at high latitudes. On the 
other hand, Coryphodon appears syn- 

Our magnetic correlations of the ter- 
restrial fossil record of the Arctic during 
the Late Cretaceous and early Tertiary 
emphasize that extreme caution must be 
exercised in extending the temporal con- 
notations of mid-latitude pollen ranges or 
of the so-called land mammal stages to 
the Arctic. In addition, evidence for an 
Arctic origin of a significant portion of 
the Paleocene and early Eocene flora of 
mid-latitudes as well as of numerous taxa 
of terrestrial vertebrates, including mem- 
bers of the perissodactyls, vitiates the 
view of a warmer Arctic as merely a 
passive land bridge between North 

Fig. 2. Composite pa- 
leomagnetic sequence 
for the Eureka Sound 
Formation assembled 
from our revision of 
magnetostratigraphic 
sections 1 through 6 
measured in the vicin- 
ity of Bay Fiord (lo- 
cality 4, Fig. 1) (14). 
The vertical scale 
shows the stratigraph- 
ic elevation from the 
base of the Eureka 
Sound Formation. 
Member (MBR) des- 
ignations follow West 
er al. (6). Magnetic 
normal intervals are 
shaded, reversed in- 
tervals are white, and 
covered intervals are 
indicated by crossed 
lines. Correlation is to 
the revised marine 
standard magnetic se- 
quence (15). 
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America and Eurasia (10, 26). For  much 
of earth's history, polar regions had a 
comparatively mild climate and a biota 
far richer than that of the current, rela- 
tively unusual period of severe refrigera- 
tion (30). Yet, imprecise correlations and 
a relatively scanty terrestrial record have 
allowed the Arctic to be disregarded as 
an important locus of evolution. Howev- 
er ,  given the huge land mass of the 
Arctic, its biota adapted to the unusual 
combination of a mild climate and a 
months-long polar day-night cycle, and 
given our findings on age disparity, it is 
at least plausible that during much of the 
Phanerozoic this currently inhospitable 
region may have served as the birthplace 
for important biotic innovations and for 
major groups that later radiated to lower 
latitudes. 
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