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* 

UPPER PLIOCEKE GEOLOGY AKD VERTEBRA4TE 
PALEOXTOLOGY OF PART OF THE 

, XEADE BASIS, KXKSAIS 

;LIICHAEI, 0. WOODBURYE 

The Universitz~ of dlichigan 

THE 3)Ieade Basin of south~vesteni Kansas, or Aleade t,rough as it \\-as 
called by Erasmus Haworth in 1896, has long been ail area of geologic 
interest. Fossil material, collected froni Upper I'lioceiie deposits, \\-as 
described by Claude W. Hibbard in 1938, and in the ellsuing years 
late Cenozoic deposits of Upper Plioceile and I'leistocene age have 
heel1 inteilsively studied. The Upper l'liocene fauna i~iclicates an 
expected difference be twen  the climate extant a t  that tinie aiid that, 
of the Pleistocene or liecent. 

The earliest detailed geologic study of this and surro~uidi~lg areas 
\\;as presented by H.  T. U. Smith in 1940, and froni it much of the 
supporting material for this report has been obtained. The term 
"basin"  as applied to the area by John C. Frye (1940, p. 6) al1c1 has 
heen used in all subseclueilt n-ork. The Neade Basin est,encIs north- 
northeast for about 30 miles across ceilt,ral Yfeade Coullt,y slid nort'h- 
ward into south\vestem Ford Count,y (Smith, 1940, p. 133). The area 
of the present study is situated southwest of Jleade Coullty State 
Park, 8 miles sout,h and 6 miles w s t  of Meade, I<ansas, ns sho~vn in 
Fig. 1,  which is the first detailed map of the type area of t,he Rexl,oad 
forniation. 

Although this paper is coilcerned mainly with Upper Pliocene 
geology and paleontology, it was necessary to  map the I'leist,ocene 
sequence in order to tleterrnine the limits of the Upper Pliocelie de- 
posits. In the summer of 1959 I n-as a member of a field party of The 

+ 
4 Universit,y of JiIichigan hluseuin of Paleo~ltology under the direction 

of Claude W. Hibbard. During this period the geology n-as plotted on 
a base map which had been prepared from aerial photographs. Of the 
various prohlems encountered during the period of mapping, one of 
major importance I T . ~ S  that, in ally one Iocatioil, the geology n-as 



l~sually exposed on oiily the outside of a st'reain meander. This side 
11-as typically a vertical \.i-all up to 30 feet high ~vhereas the opposite 
side n-ould be a gentle slope, covered with soil, grass, and sagebrush, 
leading up to the inter5treani areas. I t  was rarely possible to measure 
strike and dip directly. In  See. 22, T. 33 S., R. 29 TV., the beds are 
highly variable in a lateral direction, and it was oft,eil difficult to find 
a \yell-marked horizon that extellded over a usable dist'ance. While 
resistant beds, i.e., consolidat,ed sand and gravel, and caliche are 
present, they do not crop out colltiiiuously over large areas, but are 
ueually foulld as rubble on slopes. The filler sedi~neiits of t,he deposits 
of the differelit formations are not lithologically distinct. These fac- 
tors, combined n-ith the slight dip of the beds in general, hindered 
map])iiig. The maill basis for correlatioil of beds was stratigraphic 
posit,ioli. 

STRATIGRAPHY 

I're-Cenozoic rocks.-The bed rock of the area is the Permian 
Whitehorse forlilatioll (Smith, 1940, p .  32). These red beds crop out 
in the east side of t>he bed of Crooked Creek about 4 miles east of the 
area mapped. The Perinian rocks coiltain layers of salt and anhydrite, 
the ~olut,ion of which has caused some solut~ioii depressiolis in t,he 
surroulldillg area (Frye and Schoff, 1942, p. 38). The most pro- 
lioullced of these feat'ures are found i11 Clark County, to the east. 
There, in St. ,Jacob's Well, a slump block of the Ogallala has a dip of 
35" (Smith, 1940, p. 131). 

C'e~~osoic roc1cs.-Rocks representing the time span from the Lo~ver 
I'liocene to Recent epochs are fouiid ill the Meacle B a ~ i n .  These con- 
sist niaiilly of claetic sediments whose particle sizes range from gravel 
to clay. Sand and gravel collglolllerates may he held together n-ith a 
calciulii c,arbonat'e cement, but most of the sedirneilts are unconsoli- 
dated. Caliche is the chief llollclastic deposit slid is most colniliollly 
see11 as ilodules and stringers dispersed in poorly defined zones 
throughout t,he deposits. It may be, h o ~ ~ e v e r ,  co~lcentrated illto 
definit,e hands 2 to 3 feet thick. The other iloilclastic deposit of note t 

is that of lignite, which occurs ill the Rexroad forlnatioli at  locality 3 
(Fig. I). 

Lotoe,- Pliocene.-Depo~its of the Lower I'liocene Laverne forma- 
tion are not exposed in the area mapped. The nearest exposures of the  
Lax.erne formation are along the Cimarron River in southn-estern 
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Sleade County and in southeartern Se~vard County (Ryrne and 3Ic- 
I,aughlin, 1948, pl. I ) .  

JIidclle Plioce~ze.-The ^\Iiddle I'liocene Ogallala formation crops 
out on the east side of Crooked Chek  4 rlliles east of the area mapped, 
and probal~ly colltinues under it. Ogallala deposits ha\-e a great areal 
extcnt, being more or less rontinuous from the I'anhandle of Texas to 
the I'latte Thllejr of Sebra,ska. The formation is a stream-laid graxxl 
and silt ~v i th  lesser amoimts of clay, which was derived from the 
Rocky l lou~l ta in  Region (Smith, 1940, p. 39). I n  l Ieade County, the 
top of the formation is a light gmy rap rock formed hy secondary 
calciuill c.ai,bonate cement. Here, the Ogallala formation is 103 feet 
thick (Smith, 1940, p. 6'7). 

I -pper  Pliocene.-The Resroad fornlatioll is fo~u~cl  west of Crooked 
Creek in \.alleys \)-here the etreall~s have cut do~vn through the over- 
lying deposits, and generally occurs as discontinuous exposures. This 
formation \vas described by H. T. U. Smith (1040, p. 95) from espo- 
snres along tl,ibuta~<ies of Crooked Creek in Sleade County, Iiansas, 
as "consistiilg of tllterilatii1g beds of gray to reddish mudstone, buff 
sandy silt, rusty sand and gravel, and a f e ~ v  thin seams of lignite. The 
grax.eI is locally celnellted to form a conglomerate very similar to 
that foul~cl in the Ogallala, but contaills some calcareous pebbles 
seemingly ren-orked from the Ogallala." Part  of this descriptioi1 
pertainecl to beds of Pleistocelle age, especially that referring to the 
cnsolidated sand and gravel. The sand and gravel exposed in this 
area is not of the IZexroad formation, hut rather of the basal l'leis- 
tocene deposits (Frye and Hibbard, 1941, p. 407). 

The m o ~ t  complete section of Resroad deposits is exposed near 
the mouth of Wolf Canyon, along the Cinlarron Iliver in the south- 
\vestern corner of l leade County. I11 thir area, Sec. 7 ,  T .  35 S.,  It. 30 
W., 3;Ieade County, I<aneas, the Resroud formation is 86 feet thick 
and rests directly on the Laverile formation (Byme and McLaughlin, 
1948, p. 74). The follon.itlg descriptioii of the Resroad forlnation is 
based on Byme and 3IcLaughlia (1948, p. '73). In TTTolf Callyo11 the 
Resroad consi~ts of a lover sand and gravel part, a middle (transi- 
tioilal) coarse gravel to silt secluence, ant1 an upper unit of silt and clay 
with nodules of caliche. The thickness of the hnral part is ~.ariable 
because these deposit,? are channeled into the underlying material. 
The grax-els coilsist of particles derived from igneous rocks, mainly 
feldspar and quartz 11-ith zome mica. The ?and is mainly cluartz. 



\$'hen the sand and gravel is locally cemented n-ith calcium carbonate 
a conspicuous ledge-forming rock results. This ledge rock is coarser 
grained, contains less calciurn carboaate, and \\-eathers to a smoother 
surface than that of the Ogallala. The middle sequence is tralisitional 
to t'he lower gravel and the upper silt and clay. It is a poorly bedded, 
lnoderately indurated, heterogeneous accumulation of reddish clay, 
silt, sand, and gravel, with locally abundant nodules alid stringers of 
caliche. The upper part consists of finer deposits, silts, fine sands, and 
clays nhich range i11 color from brown to various shades of gray. Xear 
the top is often a bed of hard, cherty caliche, 2 feet thick, \vhich 
weathers to irregular, rough, pitted boulders. 

The Sa\vRock Canyon fauna, knonin from a locality near the cen- 
ter of the \vest section line of Sec. 313, T .  3-1- S., R. 31 TV., Sen-ard 
County, Iiansas, comes from the XI member near the bottom of the 
Rexroad format,ioil (Hibbard, 1049, p. 93). 

At the Fox Canyon fossil locality (UM-Kl-47) in Sec. 35, T .  :34 S., 
R .  30 W., l/Ieade County, Kailsas, t,he Rexroad deposits dip south 
toward the Cimarroii River. The fossils occur in a local pocket of 
rusty gray to reddish tan candy silt, n-hich is 17 feet belon- a massi~,e 
caliche zone 3 t o  5 feet thick (Hibbard, 1950, p. 120). 

The Rexroad deposits a t  the Keefe Canyon quamy (locality 22) 
in Sec. 3, T. 35 S., R.  30 W., coilsist of a reddish buff to buff silt. The 
silt colltaiils stringers and nodules of caliche, and, ia places, a maseire 
caliche zone 2 feet thick occurs near the upper third of the exposure. 
The fossils I\-ere recovered from an art,esian ?and tube and its eur- 
rouading basin i~bout 6 feet be lo~~l  t'he caliche horizon. The base of the 
deposits is not visible. The exposure is about 45 feet thick here, but u 
drilled seetioil in t,he Rexroad in the S E X ,  X\:E$i Sec. 33, T. 34 S., R.  
30 W., showsa thickness of 182 feet (Hibbard and Riggs, 19-19, pp. 831- 
833). 

The deposits in the Welldell Fox pasture contain one of the nlost 
recently developed Rexroad fossil quarries in the area. The folloning 
section \\-as measured at  that locality (K3, I:ig. I) .  

MEASURED SECTIOS S O .  1 

In the SWJ~d,  S\V>i Sec. 33, T.  33 S., R. 20 W. ,  l leade Co. ,  Iiansas 
(locality CM-IC3-53) 

Thickness 
in Feet 

6 .  Topsoil 0 .  GO 
Resroad Formation 

5. Caliche, massive 1.13 



4. Silt ,  sandy, light green 7.13 
3.  Sil t ,  sandy, light brown. 1Iai11 fossil horizon 1.00 
2. Claj-, si l ty,  green-gray, i~ecomes lighter toward hottorn 3.50 
1. Caliche, I$-ith sand particles and clay, xvhite. Base not exposed 0.55 

Bed of Shorts Creek, total  thickness 14.27 

I IEASURED S E C T I O S  S O .  2 

Upstream from locality U1I-Ii3-53, in t h e  SESi ,  SE!$ Sec. 32, 
T 33 S., It. 29 W , JIeade Co.,  Kansas 

Thickness 
in Feet 

8. Topsoil 5.00 
Resroad Formation 

7. Silt, s:tndy, light t an ,  moderately indurated n-ith calcium car- 2.00 
honate 

0:. Silt ,  sandy, bron-n, ~ v i t h  caliche concentrated in lon-er one third 16 00 
5 ,  S ~ l t ,  sandy, light bro~vn,  friable, 7%-ith green clay layer 2 inches 22.00 

thick in middle. Irregular rnassive caliche rests locally on clay 
layer 

4. Silt, sandy, brown, coarser near t op ,  n-ith irregular nodular 2.50 
caliche 10 inches helo~v top  

3 Sil t ,  sandy, and si l t ,  light green-gray, with irregular +inch 2 55 
lime-enriched zone about 10 inches below top 

2.  Sil t ,  hrolvnish green, with calcareous material  Correlates n-ith 0.66 
unit 3 of measrrred section S o .  1 

1. Sil t ,  greenish gray,  hase not  exposed 

Bed of Shorts Creeli, total  thickness 50.90: 

The deposits of measured section S o .  2 are essentially continuous 
along Shorts Creek in Sees. 32 and 33, T .  33 S., R. 29 W. (Fig. 1). In  
this area there is not the great degree of lateral variation that is found 
in the Resroad sediments of See. 22, T. 33 S., R. 29 W. To the present, 
fossils have been found concentrated im this area at only localitmy 1 7 1 1 -  
I<3-53. The beds surrouilding t,his locality dip generally east to south- 
east, ton-ard the maill fault along Crooked Creek. From measured 
section Sos.  1 and 2 it nlay he seen that there are t ~ v o  zones of mas- 
sive caliche derelopmeiit above the fossil horizon. 

I11 the type area of the Resroad formation, Sec. 22, T .  33 S., R .  29 
W., JIeade County, I<ansas, the sediments shon- great lateral varia- 
tion. The beds dip southeast, so that hy progressing do~vnstream, one 
mol-es upu-ard in the section (Fig. 1). Just upstreaill from the type 



locality of the Resroad local fauna (locality 3, I:ig. I ) ,  the sedimel~ts 
of the Itexroad fornlatioil consist of an oraizge-buff quartz sand ~vhich 
is illduratecl by calcium carbonate cement and co~~ta ins  ~cat tered 
pebbles up to 2 inches ill diameter. Stratigraphically helon- this de- 
posit is a coarse sand and fine gravel, x i th  sollie mallgalieee stain, 
n-hich exhibits cross-bedding. The base of this deposit is not esposed. 

1\IEA4SUREI> S E C T I O S  S O .  3 

I n  the W?&,  SJTJ>i Sec. 22, T.  33 S., R. 29 W. ,  >Ieade Co., Iians:~s 
(locality 3, Fig.  1) 

Thickness 
i n  Feet 

3. Covered slope interval 10.00 
Resroad Formation 

T Clay, sandy, light gra!., indurated,  with a limonitic layer allout 7.50 
three feet from the bottom. Weathers greenish, fresh surface 
is ljron-nish gray 

1 .  Lignitic zone. Bron-n lignitic nlatter  interbedded with gray- 5.50 
bro\~-n clay. Lolver one half is  mostly hro~vn clay wit11 sollie 
sandy silt. The lignitic layer is local, gracles laterally into 
gray clays and fine, limonite-stained sand.  Base not esposed. 
11Iain fossil horizon 

Bet1 of Stream, total  thickness 23.00 

Do\~nstreain from locality 3, in Sec. 22, T. 33 S.,  R. 29 W., 1400' 
E., 930' 5. of SW. comer, there is a massive caliche ahout 3 feet 
thick. This caliche is stratigraphically above the fossil deposits a t  
locality 3 and belon- the beds containing the Bender local fauna. Xu 
account of t'he Bender local fauna is given by Taylor (1960). 

At the Bender faunal locality the basal sa~lcl and g r a d  ~nember 
(Angell) of the Ballard formation does not overlie all of the Rexroad 
deposits. Instead, the Missler silt member of the Ballard directl; 
overlies the Resroad formation. (1'1. 1, Fig. 1). Sor th  a i d  south of 
this point, the Angell nlember is found lying hetn.eeii the llissler silts 
and t,he Rcxroad deposits. The follon-ing measured section was taken 
a t  the point 11-here the JPissler silts directly overlie a Rexroad "high." 
This sit,uation is not uniyue. Silililar collditio~is were foulid elsen-here 
in the srea mapped, notahly in Sec. 32, T .  33 S., R. 29 W., 900' W., 
2800' S. of the TE. corner (PI. I, Fig. 2). 
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JIErlSPPLED SECTIOS SO. -1 

In  S\V corner of SW?$,  SE?$ Sec. 22, T. 33 S., R. 29 W., 3Ieade Co.,  
I iansas (Bender local fauna localit>-) 

Thickness 
in Feet 

Ballard Fornlation 
Missler memher 

13. Silt and fine sand, hro1j.n to  buff, friable 1.00 
12. Silt, containing caliche, nodular 0.16 
11. Sil t ,  sandy, 11ron.n with limonite stain 0.91 
10. Silt and fine sand,  brown to  huff, indurated n-ith calcareous 0.33 

cement 
9. Silt, sandy, limonitic, indurated 1.66 
8. Sil ty,  sandy, brown with green clay 0.60 
7. Clay,  green-gray, friahle, with caliche stringers 0.6G 
6 .  Silt ,  sandy, green-gray, friable, limonite stain 1.00 
5 .  Silt ,  with much calcium carbonate, fine, green-gray, friable. 1.25 

Found a t  contact  betn.een -4ngell member and Rexroad 
formation immediately to the  north and south.  

Disconforn~itp 
Rexroad Formation 

4. Bender farina zone, si l t ,  brown to  dark gray x i t h  gastropods. 1.33 
3.  S i l t ,  green-gray, n-ith limonite stain.  1 .OO 
2. Sil t ,  containing caliche, nodular. 0.25 
1 .  S i l t ,  green-gray, limonite stain,  with caliche nodules heconl- 

ing more concentrated a t  bottom. Base not exposed. 0.91 
-- 

Bed of St ream,  total  thickness 11.16 

I t  is interesting to  note the presence of a well-definecl calciuln 
carbonate layer a t  the contact hetween the Ballard and Rexroad 
formations, a feature nhich is not everywhere fouild in this strati- 
graphic position. 

There is one m a ~ s i r e  caliche exposed in the type area of the  Res- 
road formation. I t  is stratigraphically above the fossil deposits of 
locality S. This caliche is thicker than those lne~ltiolled in ineasured 
section So. 2 in the T3Teadell Fox- pasture. lleasured section KO. 2 
s h o ~ s  t ~ o  ma.ssive caliches, units 5 and (i, which are separated by 
ahout 10 feet of i.andy silt. I n  t,his area, then, there were tn-o periods 
of caliche formation n-ith an inter\-elling period of tleposition. Up- 
stream from the location of me:~sured sectioll So. 2, in STJT?,i Sec. 32, 
there is a mas hi^-e caliche 3 to 4 feet thick. It inay he that the two 



caliche 1ayer.s of' measured s e c t i o ~ ~  S o .  2 coalesce further upstream 
into a unit sinlilar in thickness to that found in the type area of t,he 
Rexroad formation. If this is true, the caliche in the Welldell Fox 
past,ure and the one a t  the Rexroad type area niay represent t,he same 
period of massive caljche developmentm. 111 any case, the fossils found 
at both localities were deposited prior to the development of the 
massive caliches. 6 

Pleistocene.-I'leistocelle deposits in the 3leade Basin coasist of 
t'wo main types. The earlier are videspread sheet deposits of t'he 
Meade Group. This group is composed of the Ballard and Crooked 
Creek formations, the Ballard being the older of the t~\-o ,  Much of the 
upland surface in the area surroullding Meade, Kai~sas  consists of 
the Croolied Creek formation. 

The second type of deposits, the Sanborn Group (Hibbard, 1958), 
consists of valley and sinkhole fillings which include the Kingsdo~vn 
and Vanhein formations. Coarse material, indicating stream deposi- 
tion, may be present ill these beds, but the sediments exhibit no 
regular succession of coarse to fine particle size. These deposits are, 
generally, not so widespread as those of t,he earlier Pleist,ocene. 

Structztral re1afions.-17rom Fig. 1 it may be seen that the dip of 
the beds generally increases from west to  east. It is also evident that 
the dip of the Rexroad  deposit,^ is generally greater than those of t'he 
overlying formations. The sediments of the Crooked Creek f'ornlatio~l 
h:.e mainly flat-lying. 

Tnro small faults lnay be found on Fig. I .  One of these faults is 
developed in the Itexroad formation at  locality UM-Ic.3-53 ( IG,  Fig. 
1). I t  strikes n'. '72" E . ,  dips 64" SE., and is d o ~ i ~ i i t h r o ~ ~ ~ n  to t'he south- 
east. The net slip is about 1 foot. The ot,her fault  disrupt,^ Ballard and 
Itexroad deposits in the SFV$i,  SE,$d Sec. 22, T. 33 S., R. 29 W.; it 
strikes S. 46" E., dips 56" SE., and is don;nthro~vn to the southeast. 
The net slip is about 3 feet. 

I interpret t,he faults as adjustment features associated with the 
lnain Crooked Creek fault to the east. The first of the small faults 
iinplies post-Pliocene movement, while the second is the result of 
post-Ballard act,ivity. I t  is possible that both faults represent the latcr 
movement. 

Halvorth believed the Aleade Basin to hare  been formed by a 
fault, the west side being the do~vnthro~vn (Smit,h, 19-10, p. 133). The 
present Crooked Creek is thought to flow generally along this fault 
(Smith, 1940, 11. 1:35). Evidence for a fault can be seen in Crooked 
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Creek  alley, 4 miles east of the area mapped. 011 the east side of 
Crookecl Creek the I'ermian red heds are exposed at the bed of the 
stream. The red heds are o~~er la in  by the Ogallala formation, n-hich is 
covered by the upper part of the Crooked Creek formation. 

On .Tulle 13, 1942, a ~vater xell was drilled on the n-est side of 
Crooked Creek 1.alley on the George Roberts farrn in the S W X ,  
SSV>d Sec. 20, T. 33 S., R. 28 IT'. lliater-hearing gravel was reached a t  
a depth of 260-280 feet, and at that point salt n-ater began flolriilg 
in the well at a rate of about 1,000 galloils per minute (Hibhard, field 
notes, June 13, 1942, p. 113), suggesting that the Pernlian bed rock 
may not have 11een much deeper. This ~vould give at least 280 feet of 
displaceme~lt along the Crooked Creek fault. As a result of this move- 
ment a well-defined scarp, 75-100 feet high, has formed on the east, 
side of the fault. 

The presence of the fault is the main reason that the Ite,voad 
cleposits are found west of Crooked Creek in the Illeade Basin (Frye 
and Hihbard, 1941, p. 395). I'leistocene movement along the fault is 
indicated by the presence of the upper part of the Crooked Creek 
formation on the eastern or upthrown side, n-hereas nest of the scarp 
t,hoee cleposits are buried beneath \-alley fill 50-75 feet below the 
upper contact. For furt,her discussion of t.he Crooked Creek fault see 
Smith (1940) and Frye and Hibbard (1941). 

The fossils to he cliscussed in this sectioii halve been chosen for 
their paleontologic significance. Many of the specimens, isicludiilg 
those from locality UM-IC-53, have not beell described previously. 
The speciniel~s are now in the follon-iilg illstitutio~ls: Chicago Satural  
History hluseuin ( C S H M ) ;  Univer,sity of Kansas Museurn of S a t -  
ural History (I<U^\ISH); and The University of Llichigan JIuseum 
of Paleontology (UMhlP) .  

Dipoitles i~ex,~oarler~sz.s Hibbard and Riggs 

(Fig. 2.4 -P) 

Dipoides rerroarlensis Hibhard and Riggs, 19.19, Cieol. Soc. .lmer., Bull., 60: 
835, fig. 1G. 

D .  rexroadensis Hihbard,  Shotwell, 1955, Jour. I'aleoilt.. 29: 135. 
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FIG. 2. :I-0, D i p o i d e s  r e x r o a d e n s i s  Hi1,harcl and &ggs; -4-E, L h I l I P  41149; -1  ; 
right 1ilasi1lar)- fragment, I l P ~ - l I ~  ; B, RI ' i ;  C', pat tern  at  base of B;  D, asso- 
ciated LIIPI-112; E, LI'A; F ,  U l I l I P  41153, Rl)P*; G, UAIYIP 41153,1in\vo1.n 
RDPA; H, U l I l I P  41290, Ll11; I, U l I l I P  41153, R l I1 ;  J ,  K U l I S H  7281, L P i ;  
li', U l I l I P  41290, R P r ;  I;, UAIlII' 41290, L1)Pz ; d l ,  I i U h I S H  7281, RPz ;-I-, 
U l I l I P  11290, left lon-cr molar; 0,  I X l I S H  7'81, left Ion-er molar; I-', 
UIIlI1' 35091, LYIC 0-T, P ~ o c u s 1 o r o i d e . s  s w e e l i  Barbour nncl Schultz ; (2, 
U l I l I P  11200, R ,  UhZ;\fP 41150, left upper iilcisor, cross-section; 8: 
U l I l I P  12314! LP, ; T, I i U 3 I S H  3939; R113. A11 X-2. 
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Since 1938, when the first nlention \\-as made of a beaver from the deposits 
of the  JIeade Basin, much additional material has heen collected. Tone  of t he  
specimen.. recovered n-ith the Resroad fauna has been es tens ivel j~  described or 
figured. It is  no\^ possihle to  indicate the range of variation found in the re- 
mains of Dipoides l,ezroadensis and I'rocastoroicles sweeli Barbour and Schultz 
from the ahove area ,  and to  s ~ ~ i ~ n ~ i t  some remarks concerning the  phylogenetic 
position of these I~eavers.  

Te,.ti~i~iology.-In discussing the  teeth of these beavers I have used the  
tlerital terminology applied to those animals by  Stir ton (1935, p .  392), I\-hich 
\\-as espanded Ily Shotn-ell (1955, 13. 130). The terms tha t  follon. a re  illustrated 
by Fig .  2 P ,  (2, S ,  and  7'. 

1Iany heaver teeth consist of three lophs, an  anterior, a median, and a 
posterior l o l ~ h  (Fig. 2 8 ,  7').  The anterior loph of P, is divided by the  paraflesid 
into two par ts ,  a first and a second anterior loph (Fig. 2 s ) .  T h e  first anterior 
lopti is the more anterior of the t ~ o .  Similarly, t he  posterior loph of 31. nlay 
be divicled into a first and a seconcl posterior loph by the  metaflesus (Fig. 21'). 
Lophs ma!. be influled or uni,tzjlated. The inflated condition exists when the two 
hands of enamel t h a t  make u p  it,s sides itre not parallel (posterior loph of Fig.  
2 s ) .  When the enamel hands are parallel, t,he loph is uninflated, as  in the sec- 
ontl anterior loph of Fig. 2s. When a loph possesses curvature,  either concave 
or convex anteriorly,  i t  is  referred to  as crescentic (Fig. 2Q). If t h e  curvature is 
so sharp ant1 abrupt  t ha t  it has a decided point or apex i t  is  a chevron (Fig. 2Q). 

Flesi ant1 flesids are infoldings of enarnel which separate t he  lophs. Plezz~s 
refers to t ha t  of an  upper,jZezid t o  t ha t  of a lower tooth .  The  space betn-een the  
enanlel infolds of t h e  flesus or flesid is filled n-ith cement. The  internal end of a 
flesus or flesid is called the ternzi?zcction (Fig. 2 s ) .  I t  can be either flattened, 
roundetl, or narrowed. The termination ubzits when i t  touches t he  enamel of 
the side of the  tooth  opposit,e t h a t  on which t h e  infold originates. A foe.sette, 
usually a roughly circular body of enanlel which is surrouncled by dentine, is 
sho~vn in Fig. 2.4. In  a Ion-er tooth,  the  counterpart of a fossette is a jossettid. 

A siiiu or slriitl is  a groove, filled I\-ith cement, which results fro111 the  for-  
mation of a flesus or flexid. -4 stria (Fig. 2Q) occurs on a n  upper tooth and a 
striid on 21 lolrer. Pselidost!,ia and pseltclostriid, terms presented here for t he  
first t ime; are found on the  enamel of the  tooth  vnl l  in conjunction 13-ith a 
tightlj- ahut t ing  t e~mina t ion  and are used t o  designate areas 11-here the enamel 
of t he  wall of the tooth has become greatly thinned or n-orn through (Fig. 2 s ) .  
This  allon-s t he  enamel of the termination t o  he seen in a lateral  view. Some of 
these are so well defined tha t  a t  first they appear t o  be str iae or striids, as 
though the  cement associated n-ith flesi and flesitls had broken through the 
tooth na l l .  The  presence of pseudostriae and pseudostriids m a y  represent an 
evolutionary stage intermediate to  one in ri-hich the  tooth  wall is penetrated 
t ~ y  flesi or flesidu, as  is shown by the  teeth of Cia.storoides ohioensis Foster. 
Other term:; used are either comn~onlj-  understood or self-explanatory. 

Holnt!jpe.-The holotype, X U J I S H  7693, a LA11 ?: n-as recovered f r o n ~  
Upper Pliocene deposits a t  localitj-22, STV'i, STVfi Sec. 34, T .  34 S . ,  R.  30 TV., 
in Iieefe Canyon, Meade County,  Kansas.  

Xefer!.rrl nzcctel-ia1.-Collected a t  localit>- 22 were K U M S H  7281. RP? , 
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Idpi,  RMI?, and a lo\ver molar. A t  locality 3, W?<, SWJi Sec. 22, T .  33 S., R .  
29 W . ,  Rexroatl Ranch, hIeade County, Kansas, were UiLIhll' 41149, associated 
right ant1 left upper dentition, DPi, Pi-312, U313,IP 41153 RLIP*, LDP*, LP*, 
Rl I l? ;  and at locality Uh4-K3-53, SW!i, SWJQ Sec. 33, T .  33 S., R .  29 W., 
Wendell Fox Pasture, hleade County, ICansas, U3fiVIP 38435 L312, UYIlIP 
41290, LDI'7 , tn-o Rl'i, one LPI, txo  LllIl, and a lower molar. 

Diug~zosis of species.-Since the holotype of the species n-as nanled from 
only one specimen, a diagnosis based on the holotype and the referred material 
seeins worth ~vhile. The teeth of Dipoides rexroudensis are larger t,han those of 
the other species of the genus (Tab. I; cf. Shotwell, 1955, tab.  2).  When present 
the paraflesus commonly passes anterior to the hypoflexus. The width of P i  is 
generally not greater than the length, contrary to that in  D. svzithi Shot~vell 
and D. stirtoni Wilson (see Shotwell, 1955, tab. 2 ) .  In none of the G P4's ex- 
anlined was the anterior loph completely isolated by the cement of the hypo- 
flexus, as is found in D ,  wilsoni Hibbard (Hibbard, 1952, fig. 5). In 110th upper 
and lower pren~olar, I). wilsoni seems more variable than does D.  rexroude?zsis. 
In P4-i\@ of D. rexroudensis, the mesoflexus is curved more posteriorly than in 
those teeth of D.  wilsoni. This situation is especially evident in Pi.  S o  other 
species of the genus is known to be found in the same stratigraphic position as 
D.  rexroude?zsis. 

1'00th variation.-The variation of the teeth of Dipoides ~exroudensis ex- 
amined does not seeill to be so great as that found in the teeth of D. wilsoni. 
The dental variation found in other species of the genus is discussed by Shot- 
well (1955). Shotwell (1955, 11. 129) mentions that D. rexroadensis may belong 
to  a different genus. As a result of this study, I believe that  the tooth variation 
of D. ~exroudensis is nlell m~ithin the range of that  shown hy the genus, alt,hough 
the species is distinct. 

Uppel decidztous p~emola~.-In Ui\ili\lP 41149, the on1 j r  n~axi l l aw fragnlen t 
available (Fig. 2A) ,  DP.! is in position, along ~ i t h  MA and Mz. The nlolars are 
in a fairly early stage of wear with parastria and ~netastria still present. There 
were 4 Dri 's available for study (Fig. 2 8 ,  D ,  F ,  and G) .  One of these (Fig. 2G). 
is unworn. The parastria, hypostria, and mesostria are present in all. -4 metas- 
tria is present in the unworn tooth. In  each t,ooth, the parastria is shorter than 
the metastria and n.ould disappear a t  an earlier stage of 17-ear. In 2 of the 3 
morn teeth, a hypofossette is present (Fig. 2A, D).  Two metafossettes are pres- 
ent, in each of the teeth in Fig. 2 0  and F .  In all of the teeth the anterior loph 
is generally directed anterolingually and inflated lingually. The median loph 
is more or less crescentic and convex anteriorly. The posterior loph is inflated 
labially. 

The paraflexus is short in all DPi's and extends lingually or posterolin- 
gually. The termination of the paraflexus is rounded. In  2 of the worn teeth, 
the termination of the paraflesus is separated from a hypofossette by a tract 
of dentine (Fig. 2 8 ,  D) .  

The hypoflexus trends anterolabially or labially. I ts  termination may be 
rounded or flat and separated to a greater or lesser degree from the enamel of 
the hypofossette. 

The mesoflexus is directed slightly posterolingually, but near the midline 
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TABLE I 
. \ I E A ~ ~ ~ R E ~ ~ E s T ~ *  OF TEETH O F  Dipoide.5 rezroadensis 

Mean >lean Range of Range of Sumber 
Tooth Length \Vidth Length of 

Ividth Specimens 

" In  nlillin~eters. For orientation of teeth during measurement see Fig .  
2P. I Ios t  of t he  n ~ e a s ~ ~ r e d  tee th  were in 311 early stage of wear. 

of the tooth,  i t  turns more posteriorl~. .  The termination of t he  mesoflextrs is 
flat or rounded and does not abut  tightly against t he  enamel of t,he tooth wall. 
The  position of the  metafossettes is sho\vn in Fig. 2 0  and F .  

Upper pre,,aolu~..-Seven Pi 's  were collected, of which 4 are shon-n in Fig .  
2 B ,  E, J ,  and K. Fig. 2C shows the  pattern a t  t he  base of Fig.  2B. The  paras- 
t r ia ,  hypostria, mesostria, and metastria are present on all t,eeth. The  metas- 
tr ia n ~ r t .  t l i s ap~ea r  a t  the base of the  tooth. In  only 2 specimens does t he  paras- 
t r ia  persist t o  t he  base of the  tooth,  a feature which is most significant in 
I i U M S H  7281 from the  Iieefe Canyon locality (Fig. 2 J ) .  This t,ooth has a 
height of 10 mm. ,  xhereas tha t  of the  others is, a t  most, 12 mm. One specimen 
(Fig. 2K) has a fossette in the labial part of the  median loph. In  all teeth t h e  
anterior loph is crescentic, conves anteriorly as  is the median loph. The  pos- 
terior loph is  inflated labially. 

The  paraflexus is usually directed slightly antmerolabially in Pi. I t s  termi- 
nation is flat or rounded and does not touch the enamel of t he  hypoflexus. 

The hypoflexus generalljr extends anterolahially to a termination n-hich is 
rounded or flattenecl. .it the  base of the tooth,  t he  hypoflexus usually reaches 
the  lahial side of t he  tooth,  and  the  termination may ahut  tight,ly \vith t he  
n all enamel 

The mesoflexus trends posteroltng~ially and may have the  shape of either 
a broacl or a tight curve I t s  termination may be either flat or rounded, and  in 
most cases does not ahut  t ightly against the  lingual n-all of t he  tooth .  Th i s  
situation is found a t  hoth the  occlusal surface and the base of the  tooth .  

The metaflexus is variable. I t  trends more or less labially and is often not 
present a t  the  base of the  tooth .  When the  metaflexus is present a t  t he  base, 
the  tooth is usually shor t ,  t he  base probablj- having been broken off. The  ter -  
mination of the  metaflexus is rounded and usuallj- does not abut  t ightly with 
the enanlel of t he  labial tooth  n-all. 

Cpperjirst und second ~~z.olur.s.-Eleven 111-Ma's n-ere available for s tudy ,  7 
of which are  illustrated in Fig.  %--I, D ,  H, I, and P. The teeth are  subeciual in 
size, 111 heing the  largest. On1~-  the  hypostria and mesostria persist t o  the  base 
of all of these teeth.  In little-u-or11 specimens, the  parastria and metastria are 



also present, the parastria extending fur ther  do\\-n the  side of the tooth than 
the metastria,  hut  never to  the lsase. In U1II'IP 41149, the  lIarustria and rnetas- 
tr ia are longer in A12 than in Mi. This suggests that  a t  a given instant of time, 
14L may be in a nlorc advanced stage of \\-ear than M2. LZiI.\II' 35094 (Fig. 2 P )  
shotvs the  hypoflesus extending completelj- across the  tooth in an early stage 
of wear. This condition noulil disappear as wear progressed. The anterior loph 
is inflated lingually, or is crescentic, convex anteriorly. The  posterior ellainel 
hand of t he  median loph of b l 2  appears as  a ra ther  smooth curve (Fig. 2-4 and 
D) rvhile t ha t  of M1 has a sharp bend, and is more like a chevron. Tlie posterior 
loph is inflated labially. 

In i\lL and 3 1 2  the  paraflesus, present in early stages of \\-ear, is directed 
anterolingually. I t  is shorter in Mi than in i\lL T h e  termination of t he  para- 
flexus is rounded and overlaps anteriorly t h a t  of the hypoflesus in >I" (Fig. 
2 A  and D).  In  MI the  termination of the  paraflexus is narron-ed and does not. 
overlap anteriorly t ha t  of the  hypoflexus. Th i s  situation may be correlated 
with the ides  t h a t  h41 is worn down first, causing the  paraflexus lo  disappear 
in 141 before i t  does in Mr. 

The hypoflexus comn~only extends anterolahially t o  a termination n-hich 
Inay be rounded or flat. At the  occlusal surface, no h41o1. s11on.s the termina- 
tion of the  h y ~ o f l e x ~ l s  abutt ing tightly t o  the  enamel of the  labial tpoth wall. 
At  the  base of t he  tooth the  abutment is often t ight.  

The mesoflexus has either the  shape of a crescent, conves anteriorly, or 
t h a t  of a chevron. It terminates on the  lingual side of tlie t,ooth. The curve 
seems t o  be smoother in Ma. The termination of t he  nlesoflexus is cornillonly 
flattened bu t  does not  abut  t ightly,  in all cases, with the  lingual \\all enamel 
a t  either the  occlusal surface or t he  base of t he  tooth .  

Lower deciduous prelno1ar.-Only 1 DP? , U&Ih/IP 41290, has heen collected 
(Fig. 2L). T h e  pattern is generally similar t o  t h a t  of an  LDPz of Llipoides 
s~n i th i  illustrated by Shot l~el l  (1955, Fig. 2A).  T h e  Resroad tooth is larger than 
tha t  of D.  smithi. 

The  parastri id,  mesostriid, and hjrpostriid are  present,  but do not persist 
to  the  base of the tooth.  The  parastriid is t he  shortest ,  the  hypostriicl the  long- 
est  of the  str i ids.  The  first anterior loph is: inflated lingually. The seco~id an- 
terior loph is crescentic, concave anteriorly, a s  is the  median loph. The 110s- 
terior loph is inflated and contains a hypofossettid. 

The paraflexid curves anterolahiallp t o  a narrow termination 11-liich abuts 
t ightly against the  labial wall enamel. The  mesoflexid extends anterolal~ially 
across only half of the  tooth and the  termination is  rounded. The  11)-poflexid 
is  directed pos terol ingual l~  across only the  labial half of the  tooth and hears 
a flat termination. The termination is separated by dentine from the ant'ero- 
lahially directed hypofosset,tid. Tlie hppofossetticl is surrouncleci 13)- dentine. 

Lozuer prenao1ar.-Only 1 PZ has heen identified (Fig. 2 M ) .  The  parastriid, 
mesostriid, and h~-post r i id  are present, but only tlie nlesostriid and hypostriid 
persist t o  the  base of t he  tooth.  The  parastriid is open for 9.2 mm.  don-n the  
side of the  tooth.  At  this point t he  parastriid closes off and a parafossettid 
T\-ould lse formed as  \\-ear progressed. The first anterior loph is inflated lingually, 
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a s  is  the second anterior loph. The median loph is inflated labially, n-hile t he  
posterior loph is crescentic, concave anteriorly.  

The  paraflexid is  in t he  shape of a crescent and is concave anteriorly. T h e  
termination is flat and does not abut t ightly t o  the  labial wall enamel. 

The  mesoflesid is directed anterolabiallp t o  a flat termination. The ter-  
mination is separated from the  enamel of t he  labial t,ooth wall by a t rac t  of 
dentine.  This situation exists both a t  the  occlusal surface and the  base of the  
tooth.  

The hypoflexid extends posterolingually in a sinuous manner.  The termina- 
tion of the hypoflexitl is  flat, hut  does not abu t  tightly against the  wall enamel 
a t  the  occlusal surface, although the  abutment is tight a t  the base. 

Lower i~ao1ars.-Two lower molars have been examined (Fig. 21V and 0) .  In  
a n  early stage of wear the parastriid is present, hut  i t  is very short .  This tooth 
(Fig. 2 5 )  has a hypofossettid. Only the  mesostriid and hypostriid are persistent 
t o  the  base of both  teeth.  The  first anterior loph is constricted in t h e  middle, 
and the  second anterior loph is inflated lingually (Fig. 21V). The  median loph 
is inflated labially. The posterior loph nlay be straight and inflated labially, or 
crescentic, concave anteriorly and inflated lahially. 

When present the paraflexid has a sinuous configuration and is directed 
labially. The termination of t he  paraflesitl is  rounded and separated from the  
wall of the  tooth by  dentine.  

The mesoflesicl trends anterolabially and has a rounded termination. .4t t he  
occlusal surface, the  termination of the  mesoflesid does not  abut  tightly against 
t he  labial wall of the tooth.  At the  base of t h e  tooth,  however, the abutment is  
t i gh t .  

The hypoflexid extends posterolingi~ally. The ternlination of the hypoflexid 
is  flat and ahuts tightly against t he  lingual tooth  wall a t  the  base of the  tooth ,  
but not a t  the  occlusal surface. 

Discz~ssion.-Dipoides rexi.oudensis is  t he  latest representative of the  genus 
in  S o r t h  ,4nlerica. I t s  cheeli teeth are larger than those of any ot,her species of 
t he  genus. All specimens of D .  rexroadensis \\-ere taken from Upper Pliocene 
deposits. The localities are given in t he  section on referred material. 

The  teeth are  prisinatic and hypsodont. On the basis of t he  present mate-  
rial the  teeth of Dipoides t.exi.oarlensis s h o n  less variation than those of L). 
wilsoni or P~~occ~sioroides sweeti. The  hypostria,  mesostria, hypostriid, and  
mesostriicl are present on, and persist to  t h e  hase of, all adult  cheek teeth.  T h e  
parastria,  metastria,  parastri id,  and nletastriicl are present on unworn or little- 
worn teeth.  The parastriid is present for most of the height of P:. The  molars 
have an S-shaped pattern.  T h e  parastria,  n-hen present, is opposite the hypos- 
t r ia .  The hypostria or hypostriid is  never opposite t,he mesostria or mesostriid. 
The  melastria is shorter than the  parastria.  Fossettes and fossettids are pres- 
ent  in young individuals onlj-. There is no  indication of closure of the  pulp 
cavities in old individuals, ancl the  pat terns  of the  teeth are similar to  those of 
o ther  species of Dipoides illust rater1 11y Shot~vell  (1955). 

The features given above fit n-ell with the  diagnosis of t he  genus as  given 
11y Shot~vell (1955, 11. 1x2). I t s  large size is the  main reason for retaining the  



species rexroadensis as being distinct. The paraflexus is commonly directed, 
or passes anterior to the hypoflexus in the Rexroad form. The mesoflexus of 
I'i-kI2 curves more posteriorly in Dipoides rezroudensis than in D .  wilsoni, a 
condition which is most evident in P4. 

From the study of the material a t  hand i t  is evident that Dipoides rex- 
roadensis is not the same animal as D .  wilsoni  or any other species of the genus. 
I t  is prohable, however, that D .  rexroadensis is a descendant of D. wilsoni .  
l tore  definite ideas concerning the relationship of the Rexroad species to other 
species of Dipoides await the discovery of better fossil material. 

ORDER RODENTIA 

Pt~ocusto~oides sweeti Barbour and Schultz 

(Figs. 2Q-T, 3, and 4) 

Procastoroides sweeti Barbour and Schultz, 1937, Am. Mus. Novitates, 942: 
6, fig. 3. 

Eocasto~oides lunei Hibbard, 1938, Kans. Acad. Sci., Trans., 40 (1937): 244, fig. 
2. 

Procastoroides lanei (Hibbard), Hibbard, 1941, Kans. Acad. Sci., Trans., 44: 
279, pl. 11, fig. 1. 

P .  lanei (Hibbard) , Hibbard and Riggs, 1949, Geol. Soc. Amer., Bull., 60 : 836. 
P. sweeti Barbour and Schultz, Hibbard, 1956, PMASAL, 41 (1955) : 17-1. 

There seems to be a great amount of variation shown by the teeth of this 
beaver from the Meade Basin. Many of these specimens \?-ere formerly referred 
to Eocastoroides or Procasto~.oicles lanei ,  but I believe this mat,erial to be cor- 
rectly assigned to P .  sweeti. Characters found in E .  lanei ,  i.e., narrow posterior 
transverse diameter of Ma,  confluence of hypoflexus with labial side of P*, 
have been found to be variable, and are also seen in specimens designated as 
P .  sweeti from the Chicago Natural History Museum. 

ReferTed nzatericc1.-From the Sand Draw locality (Pleistocene), B r o m  
County, Nebraska: CNHM P14974, right jaw with I, Pa-M3 ; CKHM P15507, 
LP? ; CSHM Pl5508, RM'; CNHM P26165, right maxillary fragment, Pi-344. 

The following localities are in Xeade County, Kansas: 1, 2,22,3, and UJjI- 
K3-53. From locality 1 (Pleistocene) in t,he SWf,i Sec. 15, T .  33 S., R .  29 W: 
Iiui\4SH 3843, fragmentary left jaw with R l z  and Ma ; ICUhISH 4577, right 
maxillary fragment n-it,h PF3,Iz; ICUMNH 7301, RMa . 

Recovered from locality 2 (Upper Pliocene) in the NW>i Sec. 22, T. 33 S., 
R .  29 W :  ICUMNH 3938, RMg ; IiUM-UH 3939, IIMI; ICUhlNH 4273, right upper 
molar; I<Ui\/INH 5967, LMs . 

IiUA,IKH 6847, L&Ix n-as collected at locality 22 in the SWf.8 Sec. 36, T .  
34 S., R. 30 W. 

The specimens from locality 3, in the SW>i Sec. 22, T. 33 S., R. 29 W.,  a t  
the University of Iiansas Museum of Satural  History are: KUMKH 7403, right 
jaw with PT-blCIT ; I i U J I S H  5189, Rp4. The fol lo~~-ing specimens from locality 



FIG. 3 .  I'rocctsio,~oidex s ~ e c l i .  .&F, UIIAIP 41152; ..I, RI'i; B ,  1<1IL; C.', R1IZ; D ,  
RP;; E ;  I,1IL; F,  1,111; G.  CSH11 I"Gl(i5, right maxillary f rng~nent  with 
I'a-11'; H, CSH11Pl5508, R1Iz. -111 X-2. I ;  UlI1IP -1'2315, right jnn.. X - l 2 .  
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FIG. 1. P~~oc~s to~ .o i r je . s  w e e t i ,  lon-er molars,  d, CIILIP,  26383, LI'i-11a ; B ,  

L~lIMI' 31295. RI'z-1Ij ; C' ant1 D, U l I l I P  .31294, associateti lef t  (C') ant1 
right ( I ) )  denti t ions,  I'r-11% ; E', I i U l I S H  68.17, R l I 7  ; F ,  U l I 1 I P  41151, lef t  
lo\$-er inci.?or, cross-section; G'. U1I1IP 41152, IJIIr  ; H !  C S H l I  P1.3507, 
LPs ; I, I iUAISH 7301, R ~ I ;  ; . I ,  I < U l I S H  5967, Ll I : i  . All X-2.  
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3 are in the  collections of The Cniversity of Michigan 3Iuseum of I'aleontology: 
L-1nIP 26383, associated left lon-er series; P:-lI?; ; L-31311' 29153, RlIz?  ant1 
II1IT ; U3I3fP 29645, left jalr- with PT-31T ; C3IlLP 31293, right jaw \r-ith in- 
cisor and 313; S o .  31294, ausociatetl right and left jaws, I,  P ~ - 3 1 ~  ; U3L\IP 
38-119, left upper and lower incisor; LqL\LP 41152, two RPi 's ,  seven 31L's or 
112'5, left and right Pr , one l l i ? ,  right and left 31s . 

The remaining specimens were collected a t  locality C1I-K3-53 in the  
SW>/I, SW>< Set. 33, T. 33 S . ,  PL. 29 M': KLQISH 10293, PIP3 ; U1\J>IP 36070, 
right upper incisor, U T n I P  41290, RLIZ and L>Iz; U m I P  4.2314, LPz , R I I i ,  
a r ~ d  right upper incisor; TJ I3 IP  42331.5, right jan- with I and 1': . 

Ypper p~.ei?rola~. (Fig.  3-4, D, and G).-Onlj- 5 Pi 's  have heen recoveretl. 
The  Pi is the n-iclest tooth ,  and the most curved, of t he  upper series. T h e  curva- 
ture of the  teeth decreases progressively from Pi-318. The  hypostria and niesos- 
tr ia are present on and persist to the  hase of all tee th .  The  anterior loph is 
crescentic, conves anteriorly.  The median loph is either similar to  t h e  anterior 
loph or sinuous. The posterior loph is inflated lahiall!.. 

The  hypoflexus trends generally anterolabially to  about the  labial third 
of the  tooth ,  a t  n-hich point the  trend becomes posterolabial. In all teeth e s -  
amined, the  hypoflexus extends through the  labial side, the cement breaks 
through the termination,  and a str ia is formed. This separates t he  anterior 
loph from the  rest of t he  tooth. 

The mesoflexus trends posterolingually to  a flat termination which abuts 
tightly ant1 is associated with a pseudostria. 

Upper first and second I~ZOLQ~.-AIL and hIz are represented by 10 teeth,  6 of 
~r-hich are shown in Fig. 3B,  C, E ,  F ,  and G. The hypostria and mesostria are prcs- 
ent  in and persist to  t he  base of all teeth.  The pattern is S-shaped. and 3'12 
are subeclual in size, h.11 being the larger. The  anterior loph is commonly cres- 
centic, convex anteriorly,  and inflated lingually. I t  may  also he flat and unin- 
flated. The median loph is usually bent posteriorly in the  lingual par t  (Fig. 
3 E ) .  The  posterior loph is  inflated labially and directed slightly anterolabially. 

The  hypoflexus usuall>- passes anterolabially t o  a flat termination.  One 
specimen, ho~vever,  has a narron-ed termination. The  t,ermination of the  hypo- 
flesus abuts  t ightly against the  enamel of the labial wall in all bu t  4 teeth.  
Pseudostria occur on 4 other teeth.  

The  mesoflexus trends posterolingually to  a flat termination which abuts 
t ightly on the  posterolingual tuoth \\-all, and is associated with a pseudostria. 

Upper third ?~zolar.-There are 4 1fz1s, 3 of which are  sho~r-n (Fig. 2Q, T ,  
and 3 H ) .  The  hypostria,  mesostaria, and metastria are present, and persist to  
the  base of all of these teeth The lophs are crescentic or chevrons and inflated 
or uninflated. 

The  hypoflexus t rends ,  i n  various x a y s ,  more or less lal~iallg-. Its termina- 
tion is narro~t-ed 01. flat. I n  1 tooth the  cement of the  hypoflexus estends through 
the termination, and a str ia is formed. This separates the  anterior loph from 
the  rest of the  tooth.  Pseadostria are associated n-ith t he  ter~ninat ion  of the 
hppoflesus in 2 tee th .  

The mesoflesns passes, as  a crescent or chevron, posteroling~iall j~.  The  ter-  
mination of the  mesoflesus is flat on all teeth.  Pseudostria are found on 3 of the 
-1 uajs.  



The nietaflexus is generally crescentic, convex anteriorlj-, although in 1 
tooth (Fig. 3H) ,  i t  is crescentic, concave anteriorly. The  termination of the 
mesoflesus is narroned. S o t e  Fig. 3H,  where the first posterior loph is con-  
stricted in the  middle. .%t the l~ase  of this tooth 3 discrete circles of enamel 
!lave bee11 formed. 

Lozuer p i ~ e ~ ~ ~ o l a r  (Fig. 28,  1A-D, H )  -Thirteen PT's have been collected. 
The  parastriid, rnesostriid, and hypostriid are prcsent on and extend to  the 
base of all laxer premolars. The first anterior loph is usually lenticular or tear-  
shaped (Fig. 4 9 ) .  Where tha t  loph is  completely separat)ed from the  rest of 
the  tooth,  i t  is  ovate (Fig. 18). The second anterior loph is usually inflated 
linguallp, hut  i t  may  also be crescentic, concave anteriorly (Fig. 4C and D).  
The median lop11 may be smoothly crescentic, concave anteriorly (Fig. 4A),  
but i t  is more commonly directed anterolahially with a rather abrupt  bend in 
the labial third (Fig. 4C and D) .  The posterior loph is usually inflated labially. 

The  paraflexid extends anterolabially, and in 1 teeth  the  cement breaks 
through the 1:~bial enamel, forming a striid on t,hat sicle. Pseudostriids are 
associated n-ith the  termination of the  paraflesid in all but  3 teeth,  1 of vhich ,  
Ui11h11P 26383 (Fig. 4 8 ) ,  appears to  be tha t  of a young individual. I n  this tooth 
the termination abuts t ightly a t  the base of the  tooth,  and a pseuciostriid ap-  
pears only on the  lower one-fourth. In  all lower premolars the  termination of 
the  paraflexid x-ith the  labial wall of the  tooth is flat. 

The  ~nesoflexid t,rends anterolabially. In  4 teeth t he  celllent associated ~ v i t h  
i t  extends through the  labial enamel and forms a str i id on tha t  side (Fig. 4B-D, 
and H). The termination of the  mesoflexid with the labial tooth n-all is flat in 
all specimens and abuts t ightly against t ha t  11-all in all bu t  1 tooth (Fig. 4 4 ) .  
Lilie the  paraflexid, the  termination of t he  mesoflexid of this tooth  (Uhn4P  
26383) abuts  t ightly a t  t h e  Isase. Apseudostriid is formed here by the  a b u t ~ n e n t  
of the  ternlination of the  mesoflexid in only the  loner  one-fourth of t he  tooth.  
I n  all other tee th  the  pseudostriid is associated x i t h  t h e  ternlination of t he  
nlesoflesid for t h e  full height of the tooth.  

The hypoflexid trends posterolingually and may break through the  lingual 
tooth wall (Fig. 4 0 ) .  Other teeth have a definite t rac t  of dentine separating the 
termination of the  hypoflexid from the lingual wall of t h e  tooth .  The termina- 
tion is rounded in UMMP 26383 (Fig. 4.4) and flat in m I M P  S o .  31295 (Fig. 
413). In  t he  former, t he  ter~ninat ion  is flat and abuts t ightly against the  lingual 
tooth n-all a t  the  base. 

Lower jirst and seconcl ~raolur (Fig. 4.4-D and G).-There are  21 of these 
teeth.  Mi and Ma  are subeclual i n  size, Mi being the  larger. The  pattern is S- 
shaped since only the  ~nesostri id and hypostriid are present on and persist t o  
t he  base of all of t,hese molars. Pseudostriids are found on 8 teeth.  The anterior 
lop11 is ei ther inflated and crescentic, conves anteriorly (Fig. 4C, D, and G), 
inflated and straight (Fig. 4B) or uninflated and s t ra ight ,  i n  a n  anterolahial 
direction. The median loph trends ant,erolabially and is  usually bent anteriorly 
on the  labial side (Fig. lB-D).  I t  may be straight and slightly inflated (Fig. 
4G) or straight and uninflated (Fig. 411). The posterior loph is  ei ther crescentic, 
concave anteriorly and inflated lahially (Fig. 4 0 ,  his), or s t ra ight ,  in an  anlero- 
labial direction, and inflat,ed labially (Fig. 1C, 315). 
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The rnesoflesid trends anterolabially. The terminations are flat and abut-  
nents of the  terminations tight in all but 1 tooth.  This tooth has a definite 
cract of dentine between the rounded termination and the labial n-all enamel.  
Sl i .  of Fig. 4C has a nlesoflexitl in which the  cement breaks through the  labial 
enamel, completely separating the anterior loph from the  rest of t he  tooth.  

The hypoflexid trends posterolingually. The termination of t he  hypoflesid 
is flat in all but 3 tee th ,  2 of which are sh0n.n in Fig. 4B, l L T ,  and  4C, l,f-i . 
Pseudostriids are found on 11 tee th .  The termination of the  hypoflexid does 
not abut  tightly against the  lingual tooth wall in 2 specimens. 

Lower third molar.-Thirteen >Is's were available for study, 7 of which are  
shorn-n in Fig. 4-1-E, I ,  and J .  The  tee th  are short ,  n.ith a height of 10-20 mm. 
The tooth is generally straight.  The  mesostriid and hypostriid are  present on 
and persist to  the base of all teeth.  The occlusal pattern is S-shaped escept 
when the cement of the  hypoflexid extends through the labial and lingual 
enamel and separates the  posterior loph from the  rest of the tooth.  The anterior 
loph is inflated lingually and directed anterolabially (Fig. 4A),  o r  crescentic, 
convex anteriorly. The  median loph is crescentic, convex ant,eriorly (Fig. 4C 
and D),  or inflated and directed anterolabially (Fig. 4 J ) .  The posterior loph is 
often directed more anteriorly t han  the others and inflated labially (Fig. 4C, 
D and J). I t  may also parallel the  trend of the median loph (Fig. 4E).  

The  mesoflesid passes anterolabially t o  terminate on the  labial side of t he  
t,ooth. All terminations abut  t ightly escept in 3 teeth,  2 of which are shown in 
Fig. 4E  and J. In  these 3 specimens t h e  terminations are rounded and have no 
associated pseutlostriids. One of them (Fig. 4.1) has a rounded termination a t  
the occlusal surface, but  a flat one a t  the  base of t he  tooth and no pseudostriid. 
Pseudostriids are associated ~ i t h  t h e  abutments of the  terminations of 5 teeth.  

The hypoflesid passes posterolingually and terminates on the  lingual side 
of t he  tooth.  In  3 specimens the  cement extends completely across t h e  tooth 
from labial to lingual side. This isolates the  posterior loph in 2 tee th  (Fig. 4C 
and D).  The termination of the  hypoflexid is flat and abuts t ightly against the  
labial wall in all specimens, with t h e  exception of the 2 teeth.  I n  these 2,  t he  
termination is  rounded and ~ e p a r a t ~ e d  from the lingual wall of t h e  tooth by a 
t rac t  of dentine. In  Fig. 4E t he  termination is flattened and abuts  t ightly a t  
the base of the  tooth.  Pseudostriids are found on 3 teeth.  

Inciso~s.-The upper incisor is larger in n-idth (15.7-19.2 mm.) and depth 
(13.8-15.4 xnm.) t han  the  lower. None of the  upper incisors was clirectly asso- 
ciated with material t h a t  can definitely be assigned to  the genus Promatoroides. 
S o  other large upper incisors have been collected from these deposits, however, 
so t ha t  i t  seems reasonable to  assign these teeth t o  tha t  genus. A11 6 upper in- 
cisors exanlined have a groove on t h e  internal surface (Fig. 2R) which is  labial 
t o  t he  midline of t he  tooth and m a y  he either very faint or very pronounced. 
In 3 teeth there is also a groove on the  outer (enamel) surface a t ,  or labial to .  
the midline (Fig. 2R).  Like the  internal groove, the  outer one can be either 
shallow or deep. In 1 specimen, L~l I3fP  35070, the  groove is  double. This  tooth 
is the  widest and has t he  most pronounced outside groove of t he  6 incisors. 
I f  i t  is correctly assigned to  P,~ocu.storoides it may represent a different species, 
hut the  incisor is not direct,ly associated with any other definitive material .  



TABLE I1 
ME.~SCREMENTS* OF TEETH O F  Procastoroides sweeli 

Mean Mean Range of No. 
Range of of Speci- 

Length Width Length Width mens 

P i  11.3 10.7 10.5-12.6 9.5-11.8 5 
MI 9.3 8 .7  8.0-10.5 8.0-9.3 2 
M2 8.8  8 .3  7.5-10.0 7.5-9.0 2 
Ma 9 . 3  6.9 8.0-11.1 6.0-7.5 1 
Pa 12.3 9.0 9.2-14.2 8.3-11.3 13 
i\lIi 11.4 9 .3  10.2-13.0 7 .  (5-10.2 7 
MT 11.1 8.9 9.5-12.5 7.8-10.0 9 
Ma 9 .8  8 .2  9.0-11.0 6.6-9.2 5 

* I n  millimeters. See Fig. 2 P  for illustration of method. 

There is nolv no valid basis for  proposing a new species name for this ~pecirnen, 
but i t s  differences are interesting and may prove t o  be significant when more 
material is collected. 

The lower incisor is triangular in cross section (Fig. 4F).  bears no grooves 
on the outer or inner surfaces, and has no crinkling of t h e  enamel. I t s  form and 
configuration seem to  be stable. The lolver incisor is nearly as !vide as deep 
(Tab. I I I ) ,  is  twisted labially in t he  posterior pa r t ,  and passes directly be- 
neath P i  , and lingual to  Mi and Ma . In  ICUMNH 3813 the  base of MJ rests 
 holly on the  incisor, R-hereas in 3 other jaws the  incisor covers only the  lingual 
par t  of the  base of ivIs . This is sinlilar to  t h e  condition in Castoroicles (UMbIP 
3109). 

Lower jaw.-None of the  9 j a m  or jaw fragments is complete, and only 4 
have P r M s  . T h a t  of CNHN Pll-974 is in poor condition, bu t  the j a ~ ~  is interest- 
ing for i ts  small size. The  length of the  occlusal surface (Tall. 111) is  much less 
than t h a t  of the  other 3, but t he  tooth pat tern  is completely coml~atible with 
tha t  of other rami. This mandible is quite probably t h a t  of a yoling adul t .  
Some of the teeth of U34MP 31294, associated right and left j a m  x i t h  complete 
dentitions, represent the most advanced stages of development with respect to 
completc separation of t,he lophs by tracts of cement (Fig. 4C' and D).  &.lost of 
the  mandibles are  rugose and have a R-ell-developed masseteric ridge x~-hich is ,  
in general, proportionatelj- more developed than  in Castoroides (UhIh4P 3109). 
The capsular process on Ul/IMP I'L315 is slightly more pronounced than t h a t  of 
Ca.sioroicles. The art,iculating surface of the  posterior condyle of UA4LII' 31294 
and 12315 is less broad laterally t han  t h a t  of Castoroides. K U M S H  3813 is 
fragmentary and contains only Mp and Ma (Hibhard,  1938, fig. 2).  No measure- 
ments could be taken on this specimen. CNHM P26165, with P4-3)12, was avail- 
able for study, hut i t  n-as not sufficient1~- complete. S o  measurements could be 
taken on i t .  Measurements involving the t i p  of the incisor were not used Ile- 
cause of the  possibilitj- of slippage of the  incisor in t h e  alveolus. Such mensure- 
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TABLE 111 
~ IE .&~~RE>IESTS*  0s J.4X-s OF Pr0~us101.0ide~ ~ujeeli 

Length, Depth of Length' 
Pz- l la ,  

Jan 
Posterior 

Specimen S o .  Kidth of Depth of at Anterior ?$ Incisor Incisor Occlusal Edge, Pz Surface of P-j; 

LElIlIP 31294 (right) 51 
UlL l IP  31294 (left) 50 
L ~ I L I P  31295 50 
UMMP -12315 
U l I l I P  31293 
U l I l I P  29645 
ICUlISH 7403 
C S H l I  PI4971 11 

* In ~ n ~ l l ~ m e t e r s  

nients as could he taken are presented in Table 111. T h e  figures obtained seem 
to  correspond n-ell to  those published by Barbour and Schultz (1937, p .  7) .  

Diuglnosi.s.-The cheek teeth are strongly hyposodont and prismatic, with 
complete hj-postria, ~nesostria,  hypostriicl, and mesostriid. Pi. has a conlplete 
parastriid, A18 a complete metastria.  There is  no tendency for the  base of the  
teeth to  close with age. Pseudostria and pseudostriid are  often \Tell developed 
in association n-ith the  t ight abutment of te r~ninat ions .  There is a tendency 
for t he  lophs t o  hecome isolated from each other by t rac ts  of cement. This is  
most well developed in the  P7 , but occurs to  varying degrees in all other tee th .  
Upper and love r  311 and ;\a most commonly display the  S pat tern .  KO fossettes 
or fossetticls tvere found on the  tjeeth esamined. The  dorsal surface of the  lon-er 
incisor is ttvisted 1abiall)- posteriorly, passes be lot^ Pi , lingual to 317 and 11s , 
ancl usually covers only the lingual part  of the  base of Ma . The  depth of the 
lo\ver incisor is  proportionately less than tha t  of Caslo,.oirZes. The upper incisor 
is larger than the  lower, possesses grooves on the  internal, and variably, on the  
outer,  enamel surface. There is no crenulation of enamel on eit,her upper or 
lover  incisor. The  niasseteric ridge is proportionate1,~- more developed, the  
capsr11;ir process relatively more pronounced than in C'us/oroides. Dental fora- 
men usr~,zll)- better  developed than the mental. 

Discussion.-This is a large beaver, larger than Dipoirles or the  modern 
beaver, hut about t\\-o thirds t he  size of Custoroides. There is, in Procustoroides, 
a tremendous amount of variation indicated by the  t,eeth, ~r- i th  a tendency to-  
~ ~ a r c l  separation of the lophs h y  t rac ts  of cement. There is no observable trend 
toward an increase in size through time. The  Pleistocene forms studied are 
about the  same size as, or smaller than,  t he  Pliocene forms. 111 the  nlaterial a t  
hand,  there a r e  no characters by \I-hich one age group can be separated from 
the  other.  As far  as  call Ile seen, there is no valid reason for  not retaining the  



same species name for the forms of both ages. The group is apparently an  end 
line; i t  exhibits characters which are too specialized t o  be transitional t o  the 
modern beaver. Procastoroides probably developed independently t he  tendency 
toward the cornplete separation of lophs by t r a c k  of cement. It is interesting 
to note,  in contrast with the  variation in the cheek teeth and t h e  variable pres- 
ence and position of grooves in t he  outer surface of t he  upper incisor, t h e  ap- 
parent ~ t ~ a b i l i t y  of the  form and configuration of the lo~ver  incisor. If Procus- 
toroides were the  ancestor of Castoroides, whose earliest fossil record is  Kansan, 
xvhy is there no observed trend toward crerlulation of the incisor enamel also? 

Although the  parastriid i s  long, and variably occurs for the  complete height 
of the tooth in Dipoides, there is no species of t h a t  genus in which a persistent 
parastriid is a consistent feature.  I do not believe tha t  Procasto~oides arose 
directly from Dipoides, but probably from some stock near t he  Eztcaslor-Dip- 
oides transition in t he  lomer or early middle Pliocene. 

ORDER PROBOSCIDEA 

Steyovtastodon rexroadensis M700dburne sp.  nov 

Stegonlustodon successor (Cope), Hibbard and Riggs, 1949, Geol. Soc. Amer. ,  
Bull., 60 : 838. 

Ho1otype.-ULmlP 41207, associated right and left upper and lover  M2 
and &I3 collected from locality 3. 

Paratypes.-Additional remains collected a t  locality 3 a r e :  I IUMKH 4637, 
fragmentary right jan- with Mi and  Mi ; KUMKH 4638, right and left h P ;  
ICUMNH 4640, right and left upper and lower M3; UMMP 29996, RM? , a t  
locality UM-IC3-53; UMMP 28125, RMa ; UMMP 33366, right and left jaw with 
i\l~ ; UMivIP 35099, RM3; and UMMP 40245, RMa. 

Horizon.-All specimens were taken from beds of the upper Pliocene Res-  
road formation. Locality 3 is  in t h e  W>$, SW?i  Sec. 22, T .  33 S., R. 28 W., 
Rexroad Ranch, and locality ULI-K3-53 is  in the  SW>i,  SW>g Sec. 33, T. 33 
S., R .  29 W. ,  Wendell Fox Pas ture ,  Meade County,  Kansas. 

Diagnosis.-A short-jawed mastodont whose t,eeth show a simple, primitive 
trefoiling. Enamel is not present on adult  tusks.  K O  dol~hle  trefoils a re  de- 
veloped on the  lower teeth.  Trefoil spurs are simple. It is possible t h a t  double 
trefoils \vould form as wear progressed on the  proto- and metaloph of Ma. The  
teeth and jans  are smaller t han  is usual for Steyon~uslodon i~zi~ijiczts (Leidy) or 
Hoplo7~~astodon waringi (Holland). Upper and 1013-er N 3  of S .  rexroaden.sis are 
the  same size as those teeth of S .  priniitivz~s Osborn, but t he  j a n  of S .  1 . e~ -  
rocldensis is sn~al ler .  The intermediate molars of S .  rexroadensis are  less ptycho- 
dont than those of S. iniri$cus and S .  pl.i17titivus, and probably H. warinyi. 
The third molars of the  Rexroad species have 5+ lophs. The ptychodonty of 
31s of S. rezroarlensis equals t h a t  of hla . 
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There are no doul~le  trefoils present a t  this stage of wear, ant1 no accessory 
coilules or conulids are apparent.  

Like MZ, bIa has 2 anterior roots; the lophs a r e  centroverted. The lophids of 
&In sholv ini.ernal proversion, and there is only 1 anterior root. The occlusal 
surface of his has begun to  wear concave dorsally, a-hile the outline of tha t  of 
; \ I  is concave ventrally. The  third nlolars are  n-ell formed, 5+ lophs are pres- 
ent  on the 312, and an eyual iiu~llber of lophicls are  found on 313 . The pro- 
protoloph and pro-protolophid are absent. The  dental  pa t tern  is best ,  hut not 
fully, developed on the  protoloph and protolophid. The pattern of upper and 
lower At3 sho11-s primitive, incipient, double trefoils. 

I n  M' the  configuration of the lophs is such tha t  the development of double 
trefoils is possihle on the  proto- and ~netaloph. With wear, entotrefoils n-oultl 
develop on the  tritiloph, and perhaps on the  tetratoloph as well. The  tritiloph 
would also hear either the  anterior or posterior spur of an  ectotrefoil, but not 
110th. S o  trefoils n-ould form on t,he penta- and  hexaloph. Accessory ectocon- 
ules are present anterior and posterior to  t,he tr i t i loph. 

No complete double trefoils will form on Ma . Ectotrefoils ~vil l  develop on 
the  proto-, meta-,  tr i t i- ,  and possibly the  tetartolophid. The  protolophid has 
t he  posterior spur of an  entotrefoil. The nleta-,  tr i t i- ,  and tetartolophid each 
have a n  anterior spur of an entotrefoil. No trefoils will form on the pentalophid 
or hexalophid. An accessory entoconulid is present b e t w e n  the proto- and 
metalophid. Anterior and posterior spurs of trefoils in bot,h upper and lo~ver  
teeth are simple. Keither t he  hexaloph of Ma no r  hexalophid of Ma is well de- 
veloped, and i t  is not possible to determine mith certainty t he  number of ele- 
ments of which they are composed. In all cases the  enamel pattern is  simple 

Segments of tusk material, totaling a t  least 18 inches in length,  were found 
associated with t he  teeth of the holotype. None of these segrnents mas col- 
lected because the  plates of the tusk  fell apar t  quite readily There was, h o w  
ever, no evidence of enamel found, either u-ith t he  segnlents or as loose plates 
in t he  surrounding matrix. On the  basis of t he  above features, the  number of 
lophs and lophids, the  nature of t he  trefoils, and  the  absence of tusk enamel in 
t he  adult ,  t he  holotype is placed in the genus SlegonzustotLon. It is noted fur-  
ther  t ha t  t he  animal represented by this niaterial seems to  be  a primitive one, 
in the stegomastoclont line, and may  be closely related to HapLon~a.stodon as 
n-ell. These ideas will be discussed in more detail below. 

Description o,f paratypes.-The ptychodonty of upper and lo\\-er 1/1/13 is 
neither more nor less complex than tha t  of upper and lo~ver  A111 or iC2. The  
enamel of all teeth is simple, not plicated. Trefoil spurs are simple. ,411 stages 
of wear from young adult  t o  old age are represented by the thirtl molars. The  
dental  variation of this species is slight, and most teeth a r e  conlparable to  those 
of t he  holotype. Measurenlents taken from the  tee th  are compiled in Table IV. 

First  lower ~nolar.-Only 1 first molar is available for s tudy.  I t  is an  bli 
and is associated with A l z  in the  fragmentary jau-, KKUMXH 4637 (Pl.  IV, Fig.  
2) .  I t  i s  shorter than 3lr of Haplo~naslodon waringi (Holland) (see Simpson and 
de Paula Couto,  1957, tab .  G ) ,  but its ~v id th  closely approximates t,he mean 
~ v i d t h  of t ha t  tooth in H .  waringi. The enamel of Mi of H. waringi (Simpson 
and de Paula Couto, 1957, pis. 1, 7, 8) is nlore plicated than  tha t  of Stegonzcls- 
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lodon re~roudensis .  The enanlel of 1 1 7  of S .  nzirificus (Leidy) (see Savage, 1966; 
p l .  2) is also more plicated than tha t  of S .  ,.ezr.oadensis. There is no  evidence 
of accessory conulids on AIi in the  Rexroad species. 

Second uppet. and lower naolai..s.-The lophs of the ripper and lon-er 112's of 
all specimens except KU14XH 4637 and LII1II' 29996 (PI. IT') are ~vorn  near]>- 
t o  the cingulum. When the enanlel of 11'2 is  nearly Kern a n a y ,  i ts  anterior end 
beconles abraded and shortened, giving a false inlpression of the length. This 
is  the case n-ith 312's of the  holotype. The  configuration of these teeth has been 
mentioned above. I t  can be seen from Table IS' t ha t  11' is shorter and wider 
t han  11% . The relatively nnworn Mz's of specimen KGLISH 4637 and G1Jll13 
29996 have no accessory conulids, and ectotrefoils are present. The  protolophid 
IT-ould also form a posterior spur of an  entotrefoil. The  meta- ant1 tritilophid 
n.or11d each develop an  anterior spur of an  entotrefoil. Wear is not yet extensive 
on either the  anterior or the  posterior end of these teeth,  so i t  is believed t h a t  
t h e  measurements obtained here represent bet,ter lengths of 311. The widths 
of t he  upper and lower M2's of the Rexroad species fall within the  range of t he  
TI-iclths of >I2 of Haplonza.slodon waringi  given by Simpson and de Paula Couto 
(1957, Tab.  6 ) .  Only the length of R I z  lCUA4SH 4637 is compatible n.it,h t he  
figure for H. wa~. iny i .  All other M2's of Stego,izastodon rexroadensis are shorter. 
\/Ips of the  Rexroad sample are as  n-ide as ,  bu t  shorter than,  those of S .  liiit .i$c~s 
from Cita Canyon, Texas (Savage, 1955, Tab .  4 ) ,  N l ' s  of S. ~izirific?is from t h a t  
.ocality are wider and longer than those of t h e  Rexroad species. Savage (1965, 
11. 59) notes t ha t  "MI is  more ptychodont t han  Ma in the Cita Canyon niate- 
rials." This is not the  case in the  Rexroad species, hut rather ptychodonty is  
t he  same for %I$ as  for Mi- . h42's of S. mirificus (Savage, 1955, pl .  2) are more 
ptychodont than those of S. rer7.oaden.si.s. 

Th ird  upper and lower rzolars (Pls. I1 and III).-The enamel pattern of 
these teeth is directly comparable t o  t h a t  of t he  holotype. UhilhIP 28125 and 
UEVIMP 40245 are in an  early stage of wear and show well the  configuration of 
t he  unworn lophs and lophids. Even a t  th is  stage of wear the  pro-protoloph 
and pro-protolophid are  not well defined and  were probably worn a n a y  earlier 
b y  M2. In only 2 teeth,  U M h P  33366, is  t he  enamel morn nearly an-ay. 

UA/IMP 35099 is large, but  i t  is split and  fractured in many places. These 
openings are filled with matrix, so t h a t  the  apparent large size may be mislead- 
ing .  On the  basis of centroversion of it,s lophs, this tooth is a R W .  I t  is in a 
late mature stage of n-ear and is  significant in t h a t  no double trefoils a re  evi- 
dent .  Double trefoils n-ould probably not  develop a t  any stage of w a r  in this 
tooth .  The right and left R4aJs, K U J I N H  4638, are in a mature  stage of n-ear; 
t h e  pro-protoloph is  absent. Ectot,refoils nvill not  form on any of the  lophs. The  
protoloph has the posterior spur of a n  ectotrefoil, but not  the  anterior;  t he  
nletaloph has the anterior spur ,  bu t  not  t he  posterior. The other lophs are so 
constructed t h a t  none would have even the beginning of an  ectotrefoil pa t tern .  
>I..IaJs of ICUMNH 464C are in a late mature  stage of wear, and i t  is not possible 
t o  determine the complete pa t tern  clearly. Ectotrefoils are developed on the  
proto-,  meta-,  and possibly the  tr i t i loph. A double trefoil is present on t h e  
protoloph of LNa. On other lophs of these tee th ,  incipient double trefoi!s a r e  
variably present, but none is well formed. Accessor>- conules are variable in 



their occurrence on 1 1 3 ,  but ecloconules are co~nmonly  found anterior and pos- 
terior to  the metaloph. 

hIsls of I i U M S H  4640 are in a mature stage of Tear  and show no double 
trefoil development. Ectotrefoils are well fo rn~ed  on the  first 3 lol~hids.  On 
the  tetart ,olol~hid,  an  ectotrefoil of sorts is present, but i t  is s l ie l~ed.  3-0 trefoils 
\voulcl develop on the  pentalophid. Entoconulids are most con~monly situated 
anterior to the  n~etalophid.  While M5's of UMMP 33368 are so TI-orn tha t  there 
is almost no enamel remaining, the i r  size fits n-ell with t ha t  of M3's of the  holo- 
type.  The significance of these worn tee th  lies in the  fact t ha t  they si t  in asso- 
ciated right and left jaws. The remaining Ms's in the Rexroad sample have been 
mentioned above. 

The size of upper and lower M3 in Slegonzastodon rexroadensis falls into t he  
lower size lilnit of those of S. l n i ~ . i j c z ~ s  from Cita Canyon (Savage, 1955, t ab .  
2 anci 3),  and fairly close to the average upper and 1on.e~ M3 of Haplo,naslodon 
war ing i ,  as conllliled by Simpson and de  Paula Couto (1957, t ab .  6) .  The  meas- 
urements for upper and l o ~ e r  A13 of S .  p ~ i ~ n i l i v u s  (Osborn, 1936, p .  7'27) are  
contairied within those given for these teeth of S .   exr road ens is in Table IV. 
From Fig.  675 of Osborn (1936, p .  7'26) i t  seems t h a t  double trefoils n-ould de- 
velop on the first 2 lophs of A t 3  i n  S .  p ~ i n r i l i v z ~ s ,  but  t ha t  none ~vould  form on 
Ma . hf3 of S .  pt. imitivz~s appears rnore complex, in the  composition of the lophs, 
than t h a t  of the  Resroad species, but  h'ls of S .  pri1nitivz~s is quite similar t o  
t ha t  of S .  ~ ~ e x ~ o a c l e n s i s .  One of t h e  main diflerences between S .  p~ in l i t i v z t s  and 
S .  rexroaclensis lies in t he  more complicated character of the  enamel in upper 
and 10~1-er iLIZ of S. prinzitivus. This  form also has a very large jaw in compari- 
son n i t h  its tooth size (Savage, 1955, 11. 66). 

Lower jaw.-UMMP 33366 represents t he  only measurable set of jaws in 
t he  Resroad collection. The jaws contain right and left Ma's whose sizes are  
close to  those of the  holotgpe. This  right and left mandible was compared with 
associated right and left jan-s of Stego,~zastodo~z nzirijicus, Dl,TMP 26363 and 
24314, from the  Pleistocene of Kansas.  The symphyseal length of the  Rexroad 
specimen is 115 nun.,  while those of t he  Pleistocene forms are 115 mm. and 107 
mm.,  respectively. In  the  Resroad species, t he  distance from the  t ip  of t he  
j a ~ v  t o  the  anterior border of the  posterior mental  foramen is 180 mm. The same 
measurement for S. mirificzcs is 150-175 mm. (Savage, 1955, Tab .  7) .  The aver- 
age length of h'ls of S .  rexroadensis can be sholr-n to  he 85 per cent of t he  aver- 
age length of A13 in specimens of S. n z i r i j c ~ a s .  I t  can also l ~ e  demonstrated t h a t  
the  length of the  pretooth par t  of t he  jaw of S. rexroudensis is  t,he same as ,  or 
slightly larger than,  t ha t  part  of t he  jaw of S .  na i~ i j i cus .  Thus,  t,he pretoot,h pa r t  
of t he  jaw of S. ~ez i~oaden . s i s  is longer than t h a t  which would be expected from 
the  size of it,s t,eeth. Hen-ever, the  shape of t h a t  part  of t he  jaw of the Rexroad 
species is  nearly identical to t h a t  of S .  in ir i j icus .  The  pretooth par t  of the  jaw 
of Hap10,naslodon war ing i  is more rhgnchorostrine than t h a t  of either S. ?nir iJ-  
czts or S. ~~exroaclensis .  

Disciissiotz.-Hibbard and Riggs (1949, p .  838) assigned ICUMNH 4640 t o  
S lego~nus todon  s~tccessot.  (Cope), bu t  Savage (1955, p .  64) is of t he  opinion t h a t  
the  features of the  type  of this species are coiltained within the  Cita Canyon 
material of S. n2,irijict~s. I believe t h a t  the  Resroad material is different from 
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TABLE TT 
MEAS ISDICES OF MOLARS" 

Tooth H ,  waringi S. primitkus S.  mirijczrs 5. resroadensis 

" Compiled from Simpson and de Paula Couto (1957), Osborn 11936), 
Savage (1955), and Table IV  of this report .  

the  other species of Stegon~astodon and have accordingly given i t  a n e x  species 
name. 

Since a larger molar index indicates t h a t  a tooth is  wide relative to i ts  
length, a general comparison of tooth proportions may be  made between vari- 
ous forms. It can be seen from Table V t h a t  upper and l o ~ e r  M2's of Sfegomc~s- 
todon ~ex~~oaclensis are relatively wider t han  those of S .  nzi~.ific?is or Haplotiaas- 
todon w a ~ i n g i .  Ms of the  Rexroad species is  intermediate in relative ~ ~ i d t h  
between those teeth of H. warinyi ancl S. nai~ificus, but  has nearly t he  pro- 
portions of &Is of S. p~.imitiuus. On the  other hand,  Ma's of H .  waringi and S .  
mirificus are relatively narrower than those of S .   exr road ens is and S .  pri~~a- 
itivzcs. 

When these points are considered with the  close correspondence in pa t tern  
of upper and lower M3 of Sleyonaastodon p~imitivzrs and  S .   exr road ens is, i t  
appears t h a t  these 2 are more closely related than the  Rexroad form is t o  either 
S .  nzirijic~cs or  Haplomastodon wa~ing i .  

In considering the  features of Stegomastodon primitivzcs, Savage (1955, p. 66) 
noted t h a t  al though the teeth of this form are small, 1 of the  j a m  referred t o  
th is  species is  nearly 100 mm. longer than any  of t he  jaws of S. mirificzis from 
Ci ta  Canyon. Savage also mentiones t ha t  M2 and M3 of S .  prinaitio~cs are a s  
ptgchodont as  most of those teeth of t he  Ci ta  Canyon a n d  Blanco specimens. 
From this,  i t  seems as  though S .  primitivzcs also possesses features which are  
typical of S. mirijcus. 

Savage (1955, p .  67) studied K U I I N H  4637 and -1040; UL'lkIP 28125 and 
29996, and s ta ted  t h a t  "if all these specimens belong to  one population, such a 
population i s  distinct from other brevirostrine gomphotheres and merit,s a new 
species name." From a study of the  above and additional specinlens I believe 
t h a t  Savage's statement is correct. The  main feature which distinguishes 
Stegonlastodon ~exroudensi.s from other species of t h e  genus is the  simple con- 
figuration of the  enamel in t he  first and second molars. The  lack of plicntion 
in these tee th  has been referred to  by  Savage (1955, p .  68) as a "simple gonl- 
phothere t ype  of enanlel folding." Savage compared t,he Resroacl materials 
mentioned above with specimens from ?,,liiiaca and San ta  Ana de Babicara 
localities in 3Iexico. H e  believes t ha t  t he  specimens from the  l les ican sites 
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closely resemble the Resroad materials,  and tha t ,  compared to  these, t he  tre- 
foils of the  Cita-Blanco specimens are  much more complex. 

The teeth of Haplomastodon waringi are also less ptychodont t han  those of 
Stegomaslodon ?iairiJiczcs. The  Brazilian form apparently tends t o  develop, in 
some specimens, double trefoils on the  proto- and metalophid of Ma , as  well as 
on the  protoloph and metaloph of Ma. The enamel of Ma of H .  waringi ,  while 
less ptychodont than t h a t  of S .  n~ir i f i cus ,  is more so than Ma of S .  rezroadensis 
(see Simpson and de Paula  Couto, 195'7, pls. 10 and 11). The trefoil spurs of 
these teet,h of H. zoaringi also appear t o  be more conlplex than in similar speci- 
mens of S. rezroadensis. None of M3's of the Resroad species is composed of less 
than 5+ lophs, whereas many M3's of H. waringi consist of only 5 lophs. 

According to Sinlpson and de  Paula  Couto (1957, p .  163), t h e  age of the  
deposits from m-hich Haplomastodon waringi has been collected is  fairly la te  
Pleistocene or,  in some cases, early Rexent,  and "it is  questionable, depending 
on decision as to  the  Pliocene-Pleistocene boundary, whether t h e  mastodonts 
had yet reached South America i n  the  earliest Pleistocene." On t h e  other hand,  
Savage (1955, 11. 69) proposes t h e  idea tha t  "the early haplomastodont stego- 
mastodonts reached the  South American continent a t  about the time of exist- 
ence of the  Rexroad, Midaca,  and Benson faunas, or slightly earlier." This vien- 
would put t he  mastodonts in South America by the  Upper Pliocene. T o  m y  
knowledge no record of mastodonts existing in South America a t  t h a t  t ime has 
been reported. 

Tha t  the  Rexroad species is related to  Haplo~izastodon warinyi  is shown by 
the  simple trefoiling in the  enamel pa t tern  of t he  intermediate molars, and the  
absence of enamel on the  tusks i n  the  adult  stage. This relationship is noted hy  
Savage, who states t ha t  "in animals of this character there appear t o  lie the  
structural  annectants hetween earlier, rhynchorostrine gomphotheres and 
later,  brevirostrine ptychodont stegomastodonts" (Savage, 1955, p .  68). 

Concerning this,  I believe t h a t  t he  pretooth par t  of t he  jaw i s  more rhyn- 
chorostrine in Haploinastoclon warinyi  than in Stego?nastodon rezroadensis, and 
tha t  of the  two, H. w a ~ i n g i  is  possibly closertotherhynchorostrinecomples(see 
Savage, 1955, fig. 8). T h e  pretooth pa r t  of t he  j av  of S. rezroudensis is  similar 
t,o tha t  of S. iizirificz~s. 

In the  area of t he  Rexroad fossil localities the fossiliferous deposits are 
overlain by about 50 feet of sediments. These contain massive caliches and ,  in 
one locality, the  s t ra ta  of the  Bender local fauna. The Rexroad si l ts  a re  over- 
lain by the  discontinuous sand and gravel of the  basal Pleistocene. T h e  dis- 
c~nt~inuoi is  nature of this sand and gravel suggests t h a t  erosional forces, acting 
over a long interval, shaped deep valleys or gullies in the Resroad deposits. 
These lolv areas mere receptacles for the  sand and gravel, but were so deep 
tha t  the  sediment-carrying sirearns did not completely fill them \n-it)h the  coarse 
material. Filling of the  low areas occurred la ter ,  >?-hen the  streams \\ere carry- 
ing finer sediment. Prior t o  the nes t  glacial stage, when l i t t le or no sediment 
was being deposited, agents of erosion again hegan t o  carve the  topography. 
Tha t  the  sand and gravel of the  next glacial stage is nidespread and continu- 
ous it-oulcl tend to  indicate t h a t  t h e  erosional interval hetn-een the  first 2 glacial 
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stages \\-as not so great a s  that  hetiveen the entl of Resroad time ant1 the  first 
stage of the Pleistocene. 

The evidence suggests tha t  there \\-as a considera\~le anlourlt of t ime avail- 
able f r~ r  dental alteration hetiveen the days of Siego~izaslodon ~~e:c~~ouc/e~~.~i.s and 
the  appearance of S .  ~~airif icus or S .  pri~irifivz~s in the earl)- Pleistocene. Savage 
( 1 9 5 3 , ~ .  09) suggests tha t  the  Resroad species "is phyletically ],rin~iti\.e in t he  
Stego~~luslodon line and is a n  early representative of this line in Sort11 America." 
If this is so, it n-oultl appear,  from $9. p~. i~i l i [ i l~ l~s ,  tha t  ptychoclonty I~egan 
t o  d e v e l o ~  first in t he  upper n~olars .  Tha t  113 of S. pl.ilt~ili~'1is is nearly itlenti- 
cal to  those teeth of S. ~~eziocldensis, even after the tinle lapse f ro~i l  the  deposi- 
tion of the Resroad material to  the  early Pleistocene, seems to  he a fairly rea- 
sonable indication of the  affinity l1eti~-een the  2 forms. This,  along with t he  
nature of the  prctooth part  of the  j a~v ,  the presence of more than  5 lop l~s  on 
on 1I, the greater tendencj- toward the  development of c1oul)le trefoils i r ~  1 1 4  
rather than in 113, and i t s  closer geologic and geographic proximity t o  other 
species of Slego~nu.sloclon than to  Haploi~tustorlon, n o t ~ l d  indicate t ha t  S. rez- 
roadensis is, in fact ,  a primitive meml~er  of the s tegomastot lo~~t  line, and is 
more closely relatetl to Stegoi~~c~stoclon than to  Hap2oi~~c~.slodmt. 

According to Hil~hard (19-llb, p. 101), the IZesroad fauna indicates 
a more moderate climate than that found at the preseiit ill south- 
\resten1 Iiansas. -1s origiilnlljr described, the Resroad fauna col~tained 
sonle Pleistoceile fossils from AfIeade County locality 1. They n-ere 
Pliolem?nzcs antiqzcus Hibl~ard and Pliopotanzys m e u d e l ~ s i s  Hibbard, 
and carried norther11 coniiotations. I t  Ivas poi~ited out by Hihbard 
(1941b, p. 101) that these fornis probably beloilged to a later fauna. 
Evidence n-as presented hy  Hibhard (195fi, pp. 174-176) that Pliolem-  
mzLs ni~d  Pliopotam!js TI-ere members of the early Pleistoceile faunas. 
I t  has heell noted by Hibhard (194ll1, p. 101) that if the genera men- 
tioned aho~.e n-ere excluded from the Rexroad faui~a,  the fauna would 
have sout,heril and south~restern affinities, rather than no~thern .  
From the preceding discussion it seems as though the I?exroad fauna 
does, indeed, carry a southern con12otation. 

Of the forms discussed in this report, the bea17ei-s n-ill 11e con- 
sidered first. There is no direct evidence us to the hahitat require- 
ments of Dipoicles and Procastoroicles. The 17nodern heal-er occurs in 
continental Sor th  Xmei~ica, south to the Itio Gra~lde (Hall aiicl Iiel- 
,son, 19.59, map 321). I t  is foulld in acluatic situ:~tio~ls, usuallj7 along 
streams, and feeds on \\illon-, alder, birch, aspen, anc1 other trees 
(Hall and I<eleon, 1959, p. 542). TTThile it c a ~ ~ n o t  he assumed that, 



11ipoidr.s and Procastoroides had reyuirenie~lts identical t,o those of 
the moderii b e a ~ e r ,  there is a definite implication of permanent water. 

The teeth of Steyo~nastodon indicate hron-sing food habits which 
~rould require n-ooded areas, perhaps along the streams (Hibl~ard, 
194111, p. 99). 

I2urther e~rideiice of the ecologic situations meiit~ioned above is 
given by the avian fauna. I11 his study of the birds of the Itexroad 
fauna, \T?ctmore (1944, p. 91) states that "Of the identified specinle~ls 
nlore than one-half belong to acluatic species that lire in and arou~id 
marshes, etrearns and ponds. Remailis of turkeys represent birds of 
n-ooded areas, n-hile parrots, pigeons and quail are species of forests, 
or regions where thickets and groves grow amid plains, prairies or 
savannas. The passerifor111 birds may have lived in prairie land, in 
thick& or in forests." 

Thus, it see~ns as though the Upper Pliocelle cliniat'e of the Meade 
Basin, as shown by the Rexroad fossils, was considerably moister 
than that of the present. indication of the  Upper Pliocelie teni- 
perat,ures is given by the large terrestrial tortoises which occurred a t  
that time. Hibhard (19ii0, p.16) has noted that "The remains of these 
large t,ortoises [Geochelone ~ezroadensis (Oelrich), 19521 have been 
found in stream, artesian spring, and flood plain deposits of the 
Upper Pliocene, 111 Meade County, Kansas (elevation 2500-2600 feet). 
I t  is assumed that they lived in the region a t  a t,inle when freezing 
coilditio~ls did not exist." From t,his it is evident that the alinual 
te~nperature extremes n-ere not as great when the Rexroad fauna ex- 
isted as they are non-. 
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PLATS I 

FIG. I .  Contact (arron-s) betneen Rexroad and Rallard formatio~is in the 
S E l i ,  S W l i  Sec. 22, T.  33 S. ,  R .  29 W. ,  A/Iea.de County,  Kansas. Consoli- 
dated -4ngell sands in contact with Rexroad on right,  Missler silts in con- 
tac t  with Resroad on left. 

FIG. 2. Contact, (arrows) between Rexroad formation and Missler silt of Bal- 
lard formation in YE?$,  SEX Sec. 32, T. 33 S., R .  29 mT., Lleade County,  
I iansas.  


















