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Tesr-r I. Spncrunls or DnNrlr. Metrmer

Locality
Type of Enclosing

Sediment

liquu.s Recent

Genus

Paroltippus

Age

Snake Creek Beds, Sioux

County, Nebraska

Specimen from stream

channel sandstone

L. Pliocene

Merychippus
ison esu,s

Mesoreod.on
megal'od,on

Meryco'i.doilon
culberlsoni'

Sheep Creek Beds, Sheep

Creek, Nebraska

Sandstone
silt filler

M. Miocene

Sandstone with abun-

dant filler

L. Miocene

Impervious silts Oligocene

Upper Harrison Beds, Van

Tassel, Wyoming

White River Beds, Big Bad

Lands, South Dakota

The study of fossil material, virtually devoid of organic materials by

natural dispersal, may provide information of value to an understanding

of the structure, composition and behavior of the inorganic phase of bone.

Investigation is being continued under a grant (D-1636) from the

National Institute of Health.

RBcnvsrar-uzATroN oF Fossrl Tenur

Materials stud'ied.

Wood, to whom the writers express their appreciation.

Thin sections of all specimens were prepared to insure that no material

other than the apatite-Iike component of the enamel was present. Chips

of enamel and dentin were selected for r-ray and chemical analysis.

M icr osco pic er.amination
'fhin sections of various dental specimens all reveal a marked differ-

ence between the dentin and enamel portions. In general it can be stated

that the enamel portion consists of well-defined radiating fibers of low

birefringent (0.001) material with the fibers essentially perpendicular
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'l'egr,n 
II. X-Rev Drrln,lcrrot Dlra lon DnNrrN eNl ENerrnr, rnou
P A RA E I p p a s, M ESo REoDoN M EG A Lo DoN, AND .E2Lru.t

Pa-ahippus
Enamelh k l Equus

Dentin

Parahippus
Dentin

8 2 6

d 0

2.822

2 . 7 2 2
2 636
2 531
2 . 4 1 8
2 . 2 7  1
2  .149
2.066
2 . O 3 3
1.9 .19
1 . 8 S 5
1 . 8 7 7
1 .808
1 782

r . 7 2 2
1 . 6 4 3
1  . 6 1 5
1 . 5 8 4
1  . 5 5 4
1  5 1 8
1 476
1 .454
t . 4 3 4
1  4 1 0
r . 3 4 9
1 321
1 308
1 281
1 253
1 239
1 . 2 2 3
1 . 1 7 9
1 167
1 146
1 . 1 1 8
1 .  1 0 6

1 0 0
1 0 . 1
1 1  . 0
20.0
1 1 . i
00.2
1 0  - 2
12.0
1 2 .  1 \
1 1 . 2 1
3 0 . 0
20.2
3 0 .  1
2 2 0
1 3 . 0
1 3 .  1
1 1  . 3
20.2
2 2 . 2
t a  t

23.O
i ?  |

1 4 . 0
3 0 3
0 0 . 4
5 0 . 0
1 t . 4
2 0 4
4 2 . O
4 2 . 1
5 1  0
3 2 . 3
33.2
41 J
4 3 . 1
40.4
2 0 5
4 2 3
20.5
. 5 1 . 3
5 2  - 2

+ 3 4
0 0 . 6
11.6
2 0 6

d(-&)

8 2 8
5.294
4 . 7 3 4
4 082
3 909
3 . 4 s 1
3 162
3 092

8 2 4
5  3 1 2
4 . 7 6 0
4 092
3 . 8 8 0
3 4.51
3 173
3 090

2.809

2  7 1 0
2 631
Z  .  J . ' J

8  i 3 5

2 . 2 5 6
2 . 1 6 3
2 061
1 .99S
1 .936
1 886
1 837
1 . 7 9 5

1 . 4 5 2
|  .419
| , 3 9 6
L .341

3 923
3 461

3 .  1 0 8

2 803

2 65s

1 0

6
4
0 . 5

4
1
I
1
.5
2

0 1

1
L

3
1
0 1
0 1

0 . 5
0 5
0 5
1
0 . 5

1 0

9
4
1
0 . 5

3 . 8 7 2
3 468
3 .  1 5 1
i .o82

2 809
2  7 1 2
2 . 6 2 9
2 526

1 . 7 5 8
t 723
r . 652
1 608

I . J J /

1 .504

1 302
1 . 2 7 7
1 .258
1 233
1 216
t . 1 7 3
L  l J 5

1 . 1 4 4
I  1 1 5
1  . 1 0 3

l 0

6
1 0

5
1

6

4  0 5 1
3 _ 8 5 5
3 . 4 4 4
3 162
3 059

2 . 7 9 7

2 . 6 9 1
2 . 6 1 6
2 517

2
8

3

1 0

3

3 . 4 5 1

3 124

2.809

2 060

3

1 0

1

0 1

2

f

I

2 265
2 .149
2 066
2.002
1.947
1 .8S.5
1 844
1  . 8 0 7

|  .461
1 .430

0 . 5
6

0 . 5
1
1
2
0 . 5
0 . 5
1
1
1
1

2 261

2 . 0 6 1
| 996
1 .943
1 .888
7 824
1 .804
1 . 7 7 3

1 . 7 2 1
1 645
1 .616
1 .580

1 505
1 . 4 7 5
1 456
1 436
1.407

1 .308
1.283
1 2s , r
1 . 2 4 0
1 . 2 2 8
1 .179
1 158
1 . 1 4 6
| 117
I 104

2  2 7 2
2 . 1 6 1
2 080
1 993
1 948

6
3
2
1
3
3
3
+
4
1
0 . 5
2
2
2
t
3
3
1
2
2
3
3

0 . 1
0 . 5

0 5
0 . 5

2
I

1
0 . 5
0 . 5
1

0 . 5
0 . 5
u . )
1
1

0 5
o _ 5

I 839

| 728
I  . 6 3 7

I . 50.3

1 .469

L  . 3 2 6

r . 523
1 .495

Camera diameter, 114 59 mm ; radiation, Cu/Ni, CuKa:1 .541g A.

to the enamel surface. The boundary between enamer and dentin is well
defined. The dentin portion appears almost structureress under ordinary
light. under crossed nicols it has a lower birefringence, often appearing
as isotropic material, and a poorly developed radial structure can be
seen.

X-ray anal,ys'is

Diffraction patterns of all specimens listed in Table r were obtained
using cu radiation and a powder camera of 114.59 mm diameter. The
diffraction data for Parahippus, Mesoreod,on megalod.on, and. Equus
enamels and dentins (Table rr) and for enamels from Merychippus
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MERYC H/PPUS

MESOREODAN

MFRYCO/D/DAN

L  P L I O C E N E

M MIOCENE

L MIOCENE

OL I GOCE NE

, \
-  RECENT

35 34 33  32  31  30

DEGREES 2  O

Frc. 1. partial diffraction patterns of various dental enamels for the region 30 to 35

degrees 2d. All patterns obtainld with filtered Cu radiation with a traverse speed of to 20

pei minute, using a geiger counter equipped Norelco diffraction goniometer'

isonesus and. Merycho,i.dod.on culbertsoni can be assigned in all cases to

for the range 30o to 35" 20 (Fig' 1).

Composition of fossil enarnel
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'l'qnr,n 
III. Cseurcer, ANarysrs or p,qn,4atppus AND MAsroDoN

Eneurls ConpenBo wttn V,q.nrous Aparrtlns

1 178

1. Hydroxylapatite. Georgia, U.S.S.R. Mitchell et oI
u. r.).

(1943). Rem. is MnO 0.07, insol.

2. Francolite. Wheal Franco, Devonshire. Sandell el al.. (1939) Rem. is FezO: 0.34,
inso l .1 .83 .

3' Dahllite. Mouillac, France, Mcconneil (193g). Rem. is soa 0.05, sior 040, Arro3
0.44, Feroa 0.34.
Mastodon Enamel. Blufiton, Ohio. McConnell (1960). Rem. is SOs tr., AlrO3 0.07,
FerOa 0.03, insol 0.04.
Parahippus Enamel. Sioux Co., Nebraska. G. H. Wheeler, analyst. Rem. not deter_
mined.

These data i l lustrate the importance of the permissiveness of the
enclosing sediment to the proceis of recrystallizatjon of fossil material
(see also Paine, 1937). The Lower pliocene parahippus material has been
recrystallized to a coarser carbonate hydroxyapatite (dahllite) than
older fossil teeth. The coarser and more permeable the enclosing sediment
the better defined are the diffraction maxima of the fossil enamel.
Assuming that Equus and all other animals of the same genus would
produce an enamel of like composition (and there is no basis to assume
the contrary) inspection of the positions and intensities of the diffraction
maxima (Fig. 1) suggests that minor chemical changes accompanied the
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'l'lnr,r IV. Clr-cur,arroNs orq AN.lt-vsls ol Drllral ENaunr

txou P ar ohi P Pzrs'foottt

tt79

Weight
per cent

Oxide
ratios

Relative
charges of

cations

1  . 9 1 5
.005

006

Cation
charges
> : 5 3

19 13
05

.06

2 7  . 2 2
2 . 7 5

3 . 7 9

.53 00

Cations
per unit

Structural locations

NarO

CI

R e m . l

5 3 . 7 1
0 1 0

0 . 2 0

3 8 . 7 1
3  . 0 1

3 . 4 2

0 .  1 0

0 6 1

.9577
0025

.oo32

0052

o172

2 . 7 2 8
275

380

9 . 5 6
.02

06

5 4 4
. 6 6

3 . 7 9

Ca, Mg, Na 9.64

Hr .36

Caposi t ions 10.00

P  5 . 4 4
c  0 . 6 6

P posit ion 6.00

c l , F  0 2 2
o H  1 . 7 8

Ii positions 2 OO

H:O excess 0 . 0 6

I Oomposition of insoluble residue not determined'

recrystall ization which produced the larger crystall i te size and reduced

the l ine broadening effect.

CoNcrusroNs

Fossil dental enamels studied show varying degrees of recrystallization

which can be related to the permeabil it ies of the enclosing sediments

from whence they were recovered. The recrystall ization produces an

increase in crystall i te size and a change in relative intensities of diffrac-

tion maxima. The pattern providing the best defined diffraction maxima

(parahippus) is most simiLr to dahllite, but some minor chemical dif-

f...n." piobably exists between the specific material used for comparison

and the Equus enamel.

RnlnnnNcos

Cenrsrnc]u, D. (1955), X-ray crystallographic studies on apatites and calcified structures'

Acta Raili 'ol'., SUPPI. l2l.

G n u N r n , J . W . , D . N [ c C o N N n r , r - , l N n W D ' A n u s r r o N c ( 1 9 3 9 ) , T h e r e l a t i o n s h i p b e -
trveen crystal structure and chemical composition of enamel and dentin. Jour. BioI'

Chem. 12r,771-781'



1180 G. P, BROPHY AND T. M, HATCH

McColrunrr-, D. (1938), The problem of the carbonate apatites; a carbonate oxyapatite
(dahllite). Am. J our. Sci. 236, 296_303.

--- (1952a), The problem of the carbonate apatites. IV. Structural substitutions in-
volving COa and OIH.. Bull. Soc. franE. Min. Crist. ZS, 429445.

--- (1952b), The crystal chemistry of carbonate apatites and their relationships to
the composition of calcified tissues. ,Ioerr. Dental Res.3l, 53-63.

--- (1955)' The application of mineralogical theories to the 'rmineral,' phase of teeth
and bones. Biochim. bio p hy sic. A cta, 17, 450-45 1.

Pnrrn, G. (1937), Fossilization of bone. Am. Jour. \ci.234, l4g_li1.
Rocnns, A.F. (1924), Mineralogy and petrography of fossil bone. Bul,l,. Geol. Soc. Am.

35, 535-556.
SlNnrrr, E. B., M. H. Hnv ^No D. McCoNNnr,r, (1939), The composition of francolite.

Mineral Mag. 25, 395-40I.

Manuscript receioed., Apfit 7, 1962.




