il gall Lol (ubial

&) Cubiaally saN) sas

Holy_bible_1

o Al lallad wslip Undl) ASlua® Abjray olgen (S l0dY) (ubial) Uad S5 Aath L IS
Jal) Ak Uiy e Cgsma sbdl (o Ay o) GAI Aale Gunlias 455)Ea ¢lgu
Oty - Ogal agalisd) Jia Al pand o ledy) (ubidal) Uad (he LGaslig (peulial) (and
S0 Y ASY Wt O da adaion ¥ Ly o Aaiad o) g agug Ny aslsall agiaap
ST jatie” SISy a gl e oY) Gl A jmk A 3 4 B0

A lle 4 5aad Jatl) Jira Gasks g paball)



abinl) LaaSy L) (8 ol o) AsaS g i o qoliions Al ity 431 Ainliall o0y

L) (B Jatl) Jaag 45N
Uranium Halos §aaial) daadl) GLEAY) 3 aguilysal) cilelid o dalia) oda
SR Sy sHSa lhmb.a e1977 A ‘",ﬁ REIS) Y 1

Chemistry Division, Oak Ridge National Lab. Oak Ridge, Tennessee

37830
Research Communications NETWORK
—— e
BREAKTHROUGH REPORT
ails
Abstract

The discovery of embryonic halos around uranium-rich sites that
exhibit very high (238) U/ (206) Pb ratios suggests that uranium
introduction may have occurred far more recently than previously

supposed.
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238U
(4.19 MeV)
(4.77 MeV)
210p°
(5.30 MeV)
218p°
(6.00 MeV)
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230Th
(4.68 MeV)
ZZGRa
(4.78 MeV)
222Rpp
(5.49 MeV)
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(7.69 MeV)



The Uranium-238 Decay Chain
Atomic Number
82 83 84 85 86 87 88 89 90 91 92
Only main decays are shown

Gamma emitters are not indicated Th-234 | 0 |U-238
241d 45%x10%a
B TPa-234
117 m B
Pb-214 o |Po-218 O | Rp-2z22| O Ra-226 ¢t | Th-230 o [u-234
26.8m |[€——|305m| €| 382d [* | 16002 | € |7 710%a € 2.4x10°a
B 1Bi-214
19.9 m ’ ;
B Element Names Half-life units
D210 ] - U - uranium a- years
. . Th - thorium d - days
223a [4— T Ra - radium h - hours
L4xi0 s - .
Pa - protactinium m - minutes
ﬁ Bi-210 Rn - radon s - seconds
50d B Po - polonium
\a Bi - bismuth
Fb-206 Po-210 Pb - lead
Stable 4_0: 138.4 d
a ) &Lhﬂ\ UA aldla dae u.kas MHadl) Ja)sa
2i8 238
Po Halo J Haleo
1A 3
2 PO _ o Nuclide £45[Mev)
Lo 2aA - -
m“ﬂ U 4.9
Po-. 3%, 477
""_3:”' 4.68
- Ra 4.78
222 5. 49
218 '
- 6.20
214 7. €9
210 ’
I ( Po 530




o) s ) aua Glai) oY S ABlal) ag peal) yuad 4 Aoy el 1A assigladls

4l

&) alual ciliddail 8 Jiad cildla olail) 03¢

4 4,500,000,000 & pivg ) pasidall 238 agail) sall
4w 240,000 G i 43 Gayidall 234 sl

s 77,000 43 Layizal) 230 ag sl

5 1600 43 Gagial) 226 asl

ag 3.8 (uldall 222 g3l

61 3 (ulia 218 agaigleal

4l 107 1.6 Laliall 214 asuigisall

233 138.4 (ulial) 210 asiglosd

Ceonaly Bl gb assigleall guped) Julail (Y agaislen Jalia (IS 4l gl gl J5a0

Sybay



PbMa

UMa SiKa

Fig. 2. Curve a,
EMXRF spectrum of
b Sela PbLa a U-rich radiocenter.
Curve b, EMXRF

Po hal ’
o nae. G"r" POLA ~ spectrum of the radio-
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FETG CuKal
4

ULEE ;LB, Ly

N Ay < Aol g Jaky Laie

SOQOI:(;W Polonlqmjalos




bl () (B Aoy g 489 i Al Clihal) Cuw s Ale Jaal (s Guddl) 1

Bigall 2 LS 38 (e Ju haguaa (a8 AlS Culaad

Compression Event

iy el il B
(Eocene| 1 - {

retaceous l l l

Jurassic m———S——

1 L3

Triassic

daly (i g0 G Alga £ lad) zdag adi JGY el sl oSl

M andll Lol Jaaly cusal) (ghal) Qudal) ¢ andl Joali o) S8 culaia) L) s 1ag

Cadly Jy dadaly



Ao lid of as 13ag and ) Jeatiy ooty of I Aepun coal uddl) i Ldes 13

2o calaaial) cuilS La Jugh by B ol LY Jaa Jagh cy (B Gl 48 ST agail) gl

Lol a¥) Gl 138 gup gy s 0 Al AT (e Jladl) ) gy 138 L caddl)

N Masg palic ) ol Jaras agile ) G Jlay T adl) ) agail sl Jas Latie

AL palie



Tertiary
|Eoccens)

Uranium .
Solution ©'¢'®°00u* —_—

Jurassic

Infiltration

\elly dalidal) Adaj¥) clie G nsgl) jualially gabial) 4uaSy pgail) gl AsaS (ud
Lagesall cgll (39,89 Ensa iy (o laa 1933 aglS o (6 SaGaN Gadi agd aglS agdl Al

Bagasa



Time of Uranium Infiltration
ot >

Tortiary
|Eocene)
The Same, Very

Uranium R Low Load/Uranium
1e u
Solution } Ravtio Tells
That All Logs
reesic Were Buned
Infiltration Togother Quite
Roeocontly
Triassic

Gl Adlidal) clidal) (e @daT) Al clisl) O ageulies 138 ) cadad) A A<l
Jady cubaal) dihl) oda o)) prdag Jo Clihal) 038 e G (38 g Y AN g I dag
iy aalalls 135 cliabal) (38 a8 (e (pady Cpied) CBY) dacay dia anify o) Lgub
.O\dghal)

Osala 150 Ay chdysag Ogla 250 s dib (a (b Wgda) A1) ciliall oda
Cmmug) Aalgd A Ogale 250 abiil) Dby ¢ @A ¢ 6l Ogale 35 Ll Camagl
L 0 521a 200 (sf Shal Giaay ol AL Ga) 5 Sl 3asa0a s L O gla 34

3539 W Gad gl Alayg clihal) b dageiall



Blaas S Ly 3 A 5000 o JB) i GLER) dad o dadl) Gl o) AL s

Olghall a5 (a1 L 5000 (e JBI o0 A LS Aalial) gl GlLEAS 1Y) . Ly

the Chattanooga shale L glili a5 $A) ddhaia b g |54l L 4ail) 30

2 ki calas g

eﬂ\z\lugéel976:\.iu).a‘93§lse,ébj')auﬁﬁ\u\@"m&y”Jﬂd gAY

SCIENCE

————————————




SCIENCE

asilisal) Jgad a US Of 2S5 alua) — psaiisdll Gubial adgiall Allaal) ilisl) of
43y Abjas (Slg ol Gubially b (iaad) (e i) Ancay (i Gadidl) aadly

LS Jarag ARtal) b

e LS Lol (puuilially Liagigal) clidag andil] ¢ha (S of guiagh &lay) oda
Aida Badle pidly e pdn Gaid) (o i) daas A (el agil) sl daliyg

Auagd Ah Gl ABly Cigra gigaly (ullay ) Siag

G sal Gl oda Jad 4,

dasla ¢ Raphael G. Kazmann. (ajlS ) ;5383 e Gulga Cupgy 45883 aliad

a1977 7 gA Ll



o 1hays Bagn paitsniiyseanning
s Latery” 3gaiton eidatanes
2 pubieaiton by yon
your gollsnanss ofyoue

on rasitonates,

CSlg agihgal) il ldd (o ogiadas) Lal dlidlajg il &y djwejhl\ﬂyQQUSMJé
S Ak 08l Gnatigall uan o SBLEIS) L Joad Caa Ao ey 40 atie) Glhal) Craal)

Laglsaall Jlee¥ il dgay i LI (Al Lagigal) ale



NP NBINCOT DL
" N hnpagt on satangs of

smsr.mwmymm

Ol 4.5 af) Juill da Jiluiii of gl gla Glgins saihe OLajlS ) giSa alii Ladayg

i
1978 i b Geotimes aliga dlaa A a0 jaijall (Ssinag
O pgdS padla (i€ slale Julat Lgdy

) 145 s Cretaceous aadll paell (e (A (Al aad g€ Al i) ey did’
Ll A O 52ke 200 N 250 (0 il Ggada 145 N 200 danysally O 52 66

poailgal) clelidy . agin (b O ALy ALB Cyaind 206 gala N 238 asilsl)



oubiiall) ilaY (¥ -4 64000 A 2200 o L ahsas o iag pabay
Gl (aidal) yaald 1Y) Laglpal) cilids jae waail duulad 510 US aadind (& lady)
4000 ops 53 () 10,000 0,8 Jalzs LAdal janll (0 a5 o) Laglsaad)
Gliay aly RITL Galdl o) g slee¥) o cilic) Vaag (40,000,000 ops zaas
-"C)-UM‘

Geotimes September 1978
A Jua Ol ga dadly ALy s Cludd Gab SEY) ubial) AldaY 8 1)
g oy galed gy gmad ciy B cigS Gl clih o) culy . ga Gy Gl
e Ao aligally clbldll jee pad Cudyg Cadlall cliag cadla

LIy G 0y @ gualinally anb g Al cliudally Laglgal) clid jleef of a1
Cuiedd) YL g ol ubidal) Laady cpiad) Gl GuliS (A Lagigaad) clisda ¢S

Oy Cadlall Clia g



Collapse of Geologic Time

N SRR e |
(Eooem T ——— ><
4

e

Cretacoous 1

e I 1 &

T — ek

d] gagi alg aal) 18 die ) Cig o8l ST guant T aagin Al oda o (aiial)

Ll 13 (3l o) claalad) b Gl alud) cludy o Sl Bl s GAT Ll

Lalad

e Y) cuty Caa ) 13 oo Eladl) al (e 43B L A) ) 1978 Lu g
Algs LA E odie Auds AL il b (rawedia i e duaddl) cNglaal)
Uas 19y St e IS atey 1985S55 oY) Aa pa¥) 138 Ao 95 of audid &1 2013
oubidall sled) Uadg Laadll () clid jee elod) Uadg andl) (2 jas cloul

b i) (pe ) Ancay gl a8 Cudlally Cadhalls jlas) agbany (531 o lady)



Challl jae Cluajp gy duale Lkl dna Lilalad o o ladd) Qubiall off IS )3y
oafl) pe pdd Jo Juds Aidall 3 ga gajiall jsiiall e Luad o Al

pslsl el (ha Jalay clijpally (aY) liday

slalall $Y30 (gariiad ) gabal



1.
2.

References and Notes
J. Jedwab, Coal Science (American Chemical
Society, Washington, D.C., 1966).
I. A. Breger, in Formation of Uranium Ore
Depaosits, Proceedings of a Symposium, Athens,
6-10 May 1974 (International Atomic Energy
Agency, Vienna, 1974), pp. 99-124.

. 1. A. Breger donated Colorado Plateau coalified

wood specimens from the following mines: (i)
Jurassic—Peanut and Virgin No. 3, Colorado;
Corvusite, Utah; and Poison Canyon, New Mex-
ico; (ii) Triassic—Lucky Strike No. 2, Dirty Devil
No. 2, Adams, and North Mesa No. 9, all in
Utah: and (iii) Eocene—Docamour, Colorado.
J. S. Levinthal provided 16 other specimens.
However, only those from the Rajah 49 mine
[Salt Wash member of the Mormson Formation
(Jurassic)] were sufficiently well preserved to
exhibit halos. The Chattanooga shale coalified
wood (Devonian), which came from near Nash-
ville, Tennessee, was donated by I. A. Breger
and V. E. Swanson. Breger's analysis of this
coalified wood yielded 0.001 to 16 percent U, 54
to 84 percent C, 3 to 7.5 percent H, 0.3 to 1.8
percent N, 6 to 38 percent O, and 0.6 to 14.5
percent S. Except where stated, all experimen-
tal results refer to work on Colorado Plateau
coalified wood (Triassic and Jurassic forma-
tions). A thin section of a coalified wood speci-
men (earlier obtained from [. A. Breger) was
provided by J. Jedwab and was used along with
Breger's other specimens. Although personal
communications with Breger and Jedwab
proved of great value, this in no way implies that
either Jedwab or Breger necessarily concurs
with the results presented here.

R. V. Gentry, Annu. Rev. Nucl. Sci. 23, 347
(1973). The halo in Fig. 1a would extend another
20 pm if fully developed.

. C. A. Andersen and J. R. Hinthorne, Science

175, 853 (1972).
R. V. Gentry, ibid. 184, 62 (1974).

If the appropriate formulas [G. Friedlander, J.
W. Kennedy, J. M. Miller, Nuclear and Radio-
chemistry (Wiley, New York, ed. 2, 1964), pp.
95-98] are used for computing a-ranges in vari-
ous solids, the ranges of a 5.3-Mev a-particle in
coalified wood [see (3)] of density 1.3 and 1.6
cm® would be 31 and 25 pm, respectively. Un-
form shrinkage of the matrix could also reduce
the radius.

G. H. Henderson, Proc. R. Soc. London Ser. A
173, 250 (1930).

- P T



10.
11.
12.
13.

14.

15.

R N

R. V. Gentry, Science 160, 1228 (1968).

. Nature (London) 252, 564 (1974); ibid.
258, 269 (1975).

This occurrence of Po halos refers to the Colora-
do Plateau coalified wood.

L. R. Stieff, T. W. Stern, R. G. Milkey, U.S.
Geol. Surv. Circ. 271 (1953).

Dual halos have thus far been found in speci-
mens from the North Mesa No. 9 mine in Utah
and the Virgin No. 3 and Rajah 49 mines [see (3)].
The coloration pattern of the dual halo provides
the key to understanding its rarity. If U with its
daughters were concurrently flushed out of
some Precambrian ore deposit, even with a rela-
tively short transit time from the ore deposit to
the wood, equilibrium conditions still require
that more than 50 times as much *'Pb as *'"Po be
available for accumulation. If the wood exhib-
ited constant sensitivity to a-induced coloration,
then the outer circular halo resulting from *'°Pb
accumulation would be expected to be much
darker than the elliptical halo resulting from
21109pg accumulation. The fact that just the oppo-
site is true is in good agreement with the evi-
dence found by Jedwab [(/) and private commu-
nication) indicating that during the U infiltration
the gel-like wood exhibited much higher sensitiv-
ity to a-induced coloration as compared to the
later stages of coalification. Possibly then, a
relatively dark halo could have formed rather
quickly from as few as 10* to 10° *'"Po atoms,
whereas some 20 to 50 years later the change in
the coloration sensitivity of the matrix might
require an a-dose 50 to several hundred times
higher from the *'°Pb decay sequence to produce
even a light halo. Thus possibly only in rare cases
would the Pb-Se inclusions accumulate large
enough gquantities of *'°Pb to subsequently gen-
erate the outer circular halo.

The variation in the **U/%Pb ratios may be
attributed primarily to the ‘‘old’’ radiogenic Pb
component and secondanly to ***Ra and *Pb,
which, in varying amounts, were also incorporat-
ed into the U-nch radiocenters. Evidence for
this ‘‘old’’ radiogenic Pb was also found in
larger, millimeter-size U-rich regions which also
contained varying amounts of Na, Al, K, Ca, Ti,
V, Fe, Y, Zr, Ba, and the rare earths. Such
regions exhibit variable (but not very high) U/Pb
ratios and very little common Pb.

317



16. D. H. Smith, W. H. Christie, H. S. McKown, R.
L. Walker, G. R, Hertel, Int. J. Mass Spectrom.
Ion Phys. 10, 343 (1972-1973).

17. R. P. Fischer, in Proceedings of the Inter-
national Conference on the Peaceful Uses of
Atomic Energy, Geneva, August 1955 (United
Nations, New York, 1956), vol. 6, p. 605; Econ.
Geol. 65, 778 (1970).

18. S. C. Lind and C. F. Whittemore, U.S. Bur.
Mines Tech. Pap. 88 (1915), p. I, T. W. Stem
and L. R, Stieff, U.S. Geol. Surv. Prof. Pap. 320
(1959), p. 151; J. N. Rosholt, in Proceedings of
the Second U.N. International Conference on
the Peaceful Uses of Atomic Energy, Geneva,
September 1958 (United Nations, New York,
1958), vol. 2, p. 231.

19. Nondestructive y-ray spectrometry was utilized
to check on U disequilibrium in gram-size speci-
mens of the Colorado Plateau coalified wood.
We found significant differences in the y-spectra
that could reasonably be attributed to U dis-
equilibrium. By removing microportions of U-
rich areas and physically smearing the material
onto steel planchets for a-counting, we ob-
served one a-spectra that unambiguously in-
dicated U disequilibrium between **U and
20Th, or ®*Th and ***Ra, or both. Excess a-
activity in the ~ 4.7-Mev region was not attrib-
uted to excess U because mass spectrometry
measurements on a separate specimen showed
an equilibrium 2*U/U value.

20. Less than 2.5 percent of the halos with U radio-



21.
22.

centers have any trace of an outer ring. It is
difficult to associate these with sequential a-
decay from ®*U because such weak rnings do not
correlate with the U content. These weak rings
may have resulted from diffusion of a-radio-
activity out of the radiocenter prior to induration
of the halo region by the a-radioactivity. Alter-
natively, these weak rings may have resulted
from the accumulation of small amounts of ***Rn,
*4Ph. or **%Ra. In fact, the size of the dark halo
region around the U-rich sites admits of the
gossibility that the inner halos may have formed
rom the accumulation of minute amounts of
22%Ra or *'%Pb, or both. Their more diffuse radio-
centers, however, would prevent the formation
of well-defined boundaries as in the case of the
Pb-Se inclusions.
This would be true even if coalified wood is only
1/10 as sensitive to a-coloration as biotite.
I. A. Bregerand J. M. Schopf, Geochim. Cosmo-
chim. Acta 7, 387 (1955); V. E. Swanson, U.S.
Geol. Surv. Prof. Pap. 300 (1956), p. 451. J.
Jedwab informed me of halos in this matenal.

. I thank 1. A. Breger, J. 5. Levinthal, V. E.

Swanson, and J. Jedwab for supplying coalified
wood specimens. Research sponsored by the
Energy Research and Development Administra-
tion under contract with Union Carbide Corpora-
tion, and by Columbia Union College under
NSF research grant DES 74-23451.

15 September 1975, revised 30 June 1976

Ladla &) daallg



