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Personnel  

During t h e  p a s t  yea r  the fo lLowiny  p o s t d o c t u r a l ,  g r a d u a t e  

s t u d e n t s  have been s u p p ~ ~ t e d  and involved  i n  t h i s  m e t e o r i t e  and re- 

l a t e d  t e r r e s t r i z l  r e s e a r c h  program. 

D r .  W. V. Boynton, p o s t d o c t o r a l  s t u d e n t  
D r .  P a t r i c i a  S t a r z y k ,  p o s t d o c t o r a l  s t u d e n t  
D r .  D. B. C u r t i s ,  r e c e i v e d  h i s  Ph.D. i n  October ,  1973 
D.  A. Miller, r e c e i v e d  h i s  M.S. degree  i n  November, 1973 
D. W. H i l l ,  r e c e i v e d  h i s  M.S. deg ree  i n  September ,  1974 
C. A. Palmer ,  r e c e i v e d  h i s  M.S. degree  in October ,  1974 
R.  A. Conard, second yea r  g r a d u a t e  s t u d e n t  

D r .  Boynton completed t h r e e  y e a r s  of  p o s t d o c t o r a l  s t u d i e s  w i t h  

our  group and h a s  jo ined  P r o f e s s o r  John T. Wasson's l u n a r  r e s e a r c h  

group a t  the I n s t i t u t e  of  Geophysics and P l a n e t a r y  P h y s i c s ,  Univer- \ 

s i t y  o f  C a l i f o r n i a ,  Los Angeles .  D r .  S t a r z y k  jo ined  o u r  group  d u r i n g  

J u l y ,  1974. She completed h e r  Ph.D. a t  t h e  U n i v e r s i t y  c f  Chicago,  

under P r o f e s s o r  Nathan Sugarman's gu idance  and h a s  had subsequen t  

employment a t  t h e  Argonne N a t i o n a l  Labora tory .  

D r .  C u r t i s  h a s  jo ined  P ro f .  G .  J. ~ a s s e r b u r g ' s  group a t  t h e  

C a l i f o r n i a  I n s t i t u t e  o f  Technology a s  a p o s t d o c t o r a l  s t u d e n t .  M r .  

M i l l e r  is c o n t i n u i n g  h i s  e d u c a t i o n  i n  P o r t l a n d ,  Oregon. M r .  H i l l  

i s  now employed by Genera l  Atomic 2 0 . ,  San Diego. Mr. Palmer h a s  

jo ined  t h e  s t a f f  of  P ro f .  Roy F i l b y  a t  t h e  Nuclear  R a d i a t i o n  C e n t e r ,  

Washington S t a t e  U n i v e r s i t y ,  Pullman, and f i n a l l y ,  M i s s  Conard i s  

w e l l  a long  w i t h  h e r  meteoritic and t e r r e s t r i a l  r e s e a r c h  prograr.1. 
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Elemental composition of individual chondrules from carbonaceous 
chondrites, including Allende 

T. W. OSBORN,* R. G .   WARREN,^ R. H. SDIITH,S H. WUITA,$ 
D. L. ZELLXER/~ and R. A. SCHDIITT 

Department of Chemhtry and The Radirrtion Center, Oregon S t ~ t e  University, 
Condlis, Oregon 97331, U.S.A. 

(Received 23 February 1973; acceplcd in ret&cd fwn, 8 hfarch 1974) 

Abrt~act-Najor and trace element analysee of over 180 individual chondruler from 12 carbon- 
saeoua chondrites ere reported, including individual enslyem of 60 chondrulm from Pueblito do 
Allende. Siderophile element* in moat chondrulev are depleted, compared to the whole chondrite. 
Corralationa of Al-k and Ir-Sc among chondrules high in Ca end A1 wen, observed. A Cu-Xn 
correlation wes also found for choncLules from some rn~teorites. h'o correlation wss obeervd 
betwzen Au and other siderophile elements (Fe, Ni, Co and Ir). I t  is suggested that these 
elemental associations were present in the material from which the chondrula formed. Com- 
positionally, chondrules appear to be a multicomponent mixture of remelted dust. One compo- 
nent displayiag an A1-Ir correlation is identified as Allende-type white aggregates. The other 
componorrts are a material chemicaUy similar to  the present matrix and aulfidee-plus-metd 
materiel. Abundancos of the REE (rare eerth elements) were measured in ' o rh ruy '  Allende 
chondrules and were 60% higher than REE abundmces in Mokoia chondrules; REE abundmcer 
in Ca-A1 rich chondrulea were similar to  REE &bundances in Ca-rich white aggregates. 

Tms PAPER presents the results of Si, Fe, Al, Nn, So, Cr, BIn, Ir, Co, Ni, V, Ca, Ti, Cu, 
Au and REE (rare enrth elements) analyses of individual chonclrules from a suite of 
carbonaceous chonclrites, with special attention to  chondrules from Allende. The 
analytical method was non-destructive, instrumental neutron activation analysis 
(INAA) for most elements and radiochemical neutron activation analysis for REE 
measurements. The analysis of whole chondnrles yielda informat.ion concerning the 
chondrules 88 a total eubsystem of the whole chondrite. 

Initial compositional studies on individual whole chondrulee were made by 
S c m m  et al. (1966) using NaI(T1) gamma-ray dbtoators. OSBGRN et al. (1973) 
reported on the analysee of chondrules from the HI L and LL chondrites and es- 
tablished a systematio compositional variation among chonddes from different 
petrologic types which mere consistent with the classi6cation of V m  Scaams and 
WOOD (1967). 
OSBORN and S C ~ T  (1071), WARREN et al. (1971) and OSBORN el al. (1973) 

reported correlations in chondruleb Setween Al-Ir and Sc-Ir which these authors 
attributed to s high-temperature fitactionation procees. S c a m  el al. (1968) 

+ Prment address: The Procter & Gamble Company, Miami Valloy Laboratories, P.O. Box 
39176, Cincinnati, OH 46247, U.S.A. 

t Present addreas: U.S. Army, Edgemood Arsenal, Edgewood, MD 21010, U.S.A. 
S Deceased, April 1971. 
8 Present erlcirese: Department of Chemistry, University of Tokyo, Tokyo, Japan. 
1 Present address: Dopartment of Chemistry. Frcsno State Univorait.y, Fresno, CA 03710, 

U.S.A. 
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Chemical composition of Apollo IS, i6, and 17 samples 

Department of Chemistry and The Radiation Center, Oregon State University 
Corvallis. Oregon9733! 

Abstrucl-The nbunddnce\ of the b :~k  element\. TiO,. Al,O,. Fe0.-MpO. CnO. N 4 .  K:O. MnO. 
and Cr,O,. and the trace elements Sc. V. Co, Zr. HI, Th. U, Ba. Ta, and nine REE, La, Ce. Nd. Sm, Eu. 
Tb. Dy. Yb, and Lu, and the siderophile elemenls Xi, Ir, and Au elements h a ~ e  been i:termined by 
scqliential instrumental neutron activation analysis (INAA) in 53 lunar soils and rocks. Two hasalts 
15643 and 15388 show positive Eu anomalies; these probably represent mesostasis-poor Ap 15 mare 
basalts. REE patterns of Apollo IS basalts suggest six lava Rows at the Palus Putredinis site. Apollo I5 
soils contam 5 to 18% norite-KREEP contribution. Luna 20 metaigneous rocks are feldspathic and are 
similar to Apollo 16 metaigneous rocks. Luna 20 \oil is derived by =33% Luna 20 metaigneous rocks 
and =65% anorthositic gabbroic breccias like 1541R. Apollo I6 anortho4tes. all low K-group. show the 
same positive Eu enrichment similar to low K-group anorthosites from other sites. Anorthosite 60015 
(97% pl) is identical to 15415 anorthosite Likewise. anorthosite 60025 is identical to 69955. The Jark 
clast (glass) 60015.54 beems to be splashed molten breccia rock ejecta hy meteoritic impact onto a 
relatively pure anorthositic rock. Breccia 67031 is cornpositiondly identical to breccia 60017 and both 
probably represent North Ray Crater material which is more feldspafhic, lower in REE and other trice 
elements. including the siderophile elements compared to breccias ejected from the South Ray Crater 
Cobalt is a diagnostic indicator between the North and South Ray material! and is enriched in the 
latter. Breccia 68516 is similar to the recrystallized 68415 rock and both lack Eu anomalies. Apollo 16 
brcccias are not compacted coils. The Apnllo 16 highland soils are anorthositic gabbroic and are rather 
uniform in bulk and REE compositions. AU Apollo I6  soils show negative Eu anomalies (avg. SmlEu = 
5.1). About 5% nonte-KREEP component seems plaus~ble for the Apollo 16 soils. Four Apollo 17 ,oils 
from Stations 5 and 9 in thc valley and Station 8 on the Sculptured Hills are very similar and ncarly 
match the Apollo I I soil in bulk and trace elemental composition. including the siderophiles, and in 
heir  similar REE patterns. The absolute REE abundances in Apollo 17 soils are lower by a factor of - 2 rehtivt to the Apollo I I soil. Compositional data of the 72501 soil (Station 2 on the South Massif 
avalanche) indicate that the South Massif may be composed of predominantly anorthositic gabhroic 
material. Anorthosidc gabbro78155 is similar to 10085,11.146. The FeOlMnO correlation, observed 
previously for maria, is also found for highland samples; this correlation suggests a homogeneous 
accretion of the moon. 



Frac t iona ted  Rare Ear th  Abundances i n  an  Allende I n c l u s i o n :  

A Sample of a  F r a c t i o n a t e d  Nebular Gas 

William V. B.>ynton* 

Department o f  Chemistry and Radia t ion  Center  
Oregon S t a t e  Univers i ty  

C o r v a l l i s ,  OR 97331 

The condensat ion of Y and t h e  r a r e  e a r t h  e i ~ m e n t s  (REE) from 
t h e  s o l a r  nebula may be  c o n t r o l l e d  by thermodynamic e q u i l i b r i u m  
between gas and condensed s o l i d s .  Highly f r a c t i o n a t e d  REE p a t t e r n s  
may r e s u l t  i f  condensates  sre removed from t h e  uas b e f u r e  conden- 
s a t i o n  is  complete. I t  i s  found thi;;r. t h e  f r a c t i o n a t i o n  is  n o t  a  
smooth func t ion  of  REE i o n i c  r a d i u s  b u t  v a r i e s  i n  an extremely 
i r r e g u l a r  p a t t e r n .  Both Yb an3  Eu a r e  p r e d i c t e d  t o  be extremely 
dep le ted  i n  t h e  e a r l y  condensate wi thout  t h e  requirement  o f  con- --- 
densa t ion  i n  t h e  d i v a l e n t  s t a t e .  The model i s  d i scussed  wi th  
r e s p e c t  t o  a  h igh ly  f r a c t i o n a t e d  p a t t e r n  observed by Tanaka and 
Masuda (1973) i n  a  pink Ca-Al-rich incl .usion from t h e  Allende 
m e t e o r i t e  and can account  f o r  t h e  abundances of each REE d e t e r -  
mined. 

According t o  t h e  model, t h i s  i n c l u s i o n  may be a  condensate 
from a p rev ious ly  f r a c t i o n a t e d  gas  r a t h e r  than  from a gas of  
s o l a r  composition. Before t h e  condensat ion of t h e  Allende i n -  
c l u s i o n ,  an e a r l i e r  condensate may have formed and been i s o l a t e d  
from equ i l ib r ium with t h e  gas .  The REE abundances i n  t h e  i n c l u s i o n  
r e p r e s e n t  a  sample o f  t h e  f r a c t i o n a t e d  gas  ramaining a f t e r  t h e  
i s o l a t i o n  of  t h i s  i n i t i a l  condensate.  I t  should be noted t h a t  
t h e  f r a c t i o n a t e d  KEE  att tern prov ides  s t r o n g  evidence t h a t  t h i s  
i n c l u s i o n  d i d  n o t  condense from a plasma a s  suggested by Arrhenius  
and A l f v h  (1971) s i n c e  t h e  i o n i z a t i o n  p o t e n t i a l s  of  t h e  REE 
va ry  smoothly with atomic number and would n o t  y i e l d  an ir- 
r e g u l a r  p a t t e r n .  

Because +.he REE, w i th  s i m i l a r  geochemical behavior ,  have 
d i f f e r e n t  cosmochemical p r o p e r t i e s ,  t h e i r  abundance p a t t e r n s  
may become an impcr tant  t o o l  i n  unders tanding cheinical p rocesses  
i n  t h e  e a r l y  s o l a r  system. 

Arrheniuo, G. and ~ l f v h n ,  H.  (1971) Ear th  P lane t .  S c i .  L e t t .  
10:253-267. 

Tanaka, T. and Masuda, A. (1973) I c a r u s  19:523-530 - 
*Present  address :  I n s t i t u t e  o f  Geophysics and P l a n e ~ a r y  Physics  

Univers i ty  of  C a l i f o r n i a  
Los Angeles,  CA 90024 



Chemical Compositic)r, S t ~ J l r >  u f  u i e g o n  and Washington 

Coastal bzsal ts* 

Dale W. H i l l  

Basalts of both Eocene and Miocene age from several  groups 
along the Oregon and Washington coasts have been analyzed for  
some major, minor, and t race  dlements using instrumental 
neutron ac t iva t ion  analysis  (INAA). The ra re  ear th  element 
(REE) pat terns  observed i n  t i ~ e s e  samples a re  used f o r  com~arisons 
within the groups studied and f o r  comparisons with other  
types of basa l t s .  The three c~zoups of Miocene basa l t s  from 
the coast have been shown t o  be nearly iden t i ca l  chemically 
t o  three chemical types defined i n  the Columbia River Plateau 
basa l t s  a s  follows: Oepoe Bay Basalt  E Sower Yakima Basalt  
(high and low Mg types) ,  Cape Foulweather Basalt Z Frenchman 
Springs Basal t ,  and Pack Sack Lookout Basalt E Pomona Basalt .  
Possible models f o r  the or ig in  of these basa l t s  erupted from 
vents ovep 5G0 km apart  a re  a l so  discussed. The Eocene basa l t s  
from the Oregon coast  a re  found t o  be most s imi lar  t o  the 
basa l t s  from the Hawaiian Islands,  whereas the Metochosin Formation 
basa l t s  on southernVancouver Island are  found t o  be more 
s imilar  t o  ocean ridge t h o l e i i t e s .  The basa l t s  from the 
Crescent Formation on the Olympic Peninsula show a var ie ty  
of chemical compositions and REE pat terns  which do not allow 
a simple c l a s s i f i ca t ion  of t h i s  formation. 

* Abstracted from D. W.  H i l l  M.S. Thesis, September 3 ,  1974. 



Table 1. INAA Scheme. 

Counting Sets 

1. 15 min decay, 200 sec count Ge (Li) 
2. 3 hr decay, 800 sec count Ce (Li) 
3. 1 day decay, 400 sec count Ce ( L i )  
4. 3 day decay, 10K see count Ge (Li) 
5. 1 week decay, 4K-20K sec count Ge (Li) 
6. 2 week decay, 10K-20K sec count Ge (Li) 
7. 6 week decay, 20K-40K sec count Ge (Li) - 

Activation Isotope Half .ire* E Y( keV )* C a u ~ t i n g  Set 

25 kW for 2 
min, 

Rabbit Run" 
(7.5 x 1010 n/ 
cm*/rcc) 

1 MW for 3 
hr, 
"Long Lived" 
( 3  x 1012 n/ 
cm*/sec) 

5.79 rnin 
9.46 min 
3.75 rnin 
2.33 min 
8.80 min 
2.32 hr 
2.38 hr 
15.0 hr 
12.4 hr 
46.8 hr 
6.74 day 

101 hr 
12. 1 dry 
11. 1 day 
40.2 hr 

12.7 yr 
72.1 day 
27.0 dry 
27.8 day 
45.6 day 
83.9 day 
115 day 
5.26 yr 
32.5 day 
42.5 day 

2.05 yr 
65.5 day 

* 
Values obtained from: Gamma Ray Energy Tables for Neutron Activation Analysis. 1970. Compiled 

and edited by R. H. Filby, A. I. Davis, K. R. Shah, C. C. Wainscott, W. A. 
Haller, and W. A. Cassatt, Washington State University, Pullman. 



Table 4. Miocene Basaltic Stratigraphy. ( K o t  all plateau chcmical types have C a s t  Range 

equivalents. ) --- 
K-Ar Dates Coast Range Rasalts Yakinla Pdsalts K-Ar Dates 

UPPER YAKIMA 
(chemical types) 

--- Ice Harbor 

--- Elephant Mountain 

9.02 1.4 m. y. a 
b 

Basalt of Pack Sack 

1 2 . 9 ~ 2  m.y. Lookout Pomonr 

C 
hlIDDLE YAKIMA 1 3 . 4 ~ 0 . 4  m. y. 

b 
(chemical t) pes) 1 6 . 5 1  0.8 m.y.  

--- Roza 

Cape I:oulweat~~er 
Basalt I-renchman Springs 

d e 
1 6 2 3 . 6 5  m.y. 15, 3 +  0, 8 m. y. 

1 5 . 2 i 0 . 7  m . ) ,  
b 

1 4 . 5 ~ 1 . 0  m. y.e D F W E  BAY BASAI.1' LOWEI', YAlilMA 
h 

1 5 . 2 f 0 . 6  r n . ~ . ~  (chemical types) (chemical t) pes) lG .42  0 . 6  m. y.  
14 L 2 . 7  nl. y. 

High Mg High h4;: 

Low Mg Low Zlg 
-- 

0 R. F. Denison (written communrcation t o  S~!avely & aL , 1973). 

C 
Evernden and James ( 1954). 

d 
J .  Obradowch (wr i t t en  comrnuni~;;ion to Snavely pt &. , 1973). 

'Turner ( 1970). 
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Table 5. Low Mg Lower Yakima and Depoe Bay Basrlts. 

Lower Depot LOWER YAKlMA 
DEPOE BAY 

Yakima Bay Nathan C u of ox This This 
Ave. Ave. ~ruchter' WI. .' Work 

(Snavely)* ( Snavely)* Ave. Avt .  ve. 
, . -" .- 

* 
Snavely g g. ( 1973). 

+ 
Nathan and Fruchter ( 1974). 

X 
A v e n g e  of anrlysa obtained from Frachter (p.:vatt communication). 

++ 
Total Fe was calculated as FcO for all  data tables in this paper. 



Table 6 .  High Mg Lower Yakima r.,d Depoe 3d.f Basalts. 
, --. -- --- 

YA K"4J ---- - --- DEPOE BAY 

Nathan C U. o f  S? T h ~ s  This 
Fruchter Work Work 

Ave. + 
Ave. Ave. Ave. 

--- --- --- 

TiOZ (%) 1.78 1. 16 1.9 1.9 

*'2'3 14. ? 3  ~ 4 . 0 9  13.4 13.3 

FcO i1.42 11.46 11.0 11.9 
MgO 4.90 4.77 5. 8 4.6 
C a 0  8.72 8.43 L.. 3 7.9 
No20 2.84 3.0 2.9 3.0 

KzO 1. 17 1. i2 1. 2 0.8 

MnO 0.20 0. 188 0. 185 0. 196 

C@3 ( PPm) 3 6 55 66 37 

-- - 

t 
Nathan and Fruchter ( 1974). 

X 
A'vcragc of an8lyscs obtained from Fruchter (private communication). 
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Table 7. Frenchman Springs and Cape Foulweather Basaltr. 
- -- - 

FRENCHMAN SPRINGS . - CAPE FOULWEATHER 

Snavely* Nathan G+ U. of This bnavely* This 
Ave. Fruchtv Work Ave. Work 

Ave. Ave. Ave. 

+ 
Nothan and Fruchter ( 1974). 

X 
Average of a u l y s o  obtained from Fruchter (private communication). 



Table 8. Pomona and Pack Sack :ookou? Basalu. -- - 
-- FOMONA PACK LACK LOOKOUT 

Snavely * U. of 0.' This This snavely* This 
Ave. Ave. Work Work C Ave. Work + 

Ave. U. of 0 .  Ave. 
73-5 

Ti02 (%) 
A!2O3 
FcO 

MgO 
c a o  
Na20 
K?O 
Mno 
Cr203 ( P P ~ )  

sc  
v 
Co 
2r 
h 
La 
Ce 
Nd 
Sm 
Eu 
Tb 

Dv 
i'b 
Lu 
H f 
To 
Th 
Cs 

.- - -  - - * 
Snavely &&. ( 1973). 

X 
Average of analyses obtained from Fruch:er (private communication). 

+ 
Average of duplicate analyses of sample 73-5. 



Table 9. Chemical Composition Ranges in Metchosin and Crescent Fornation and Umpqua Volcanicr. 

Metchosin Crescent Umpqua* 

0.8 - 2.9 
13.0 - 17.4 
8.5 - 14.4 
3.5 - 8.6 
6.9 - 11.2 
2.2 - 4.6 

4.0. 1 - 0.3 
0. 147 - 0.219 
7 - 480 
31 - 47 
240 - 380 
31 - 49 
<a0 - 230 
(30 - 220 
2.5 - 20.6 
7 - 39 

(10 - 26 
1.8 - 7.6 
0.67 - 2.3 
0.39 - 1.5 
3 - 10 
1.6 - 7.5 
0.24 - 1. 14 
1.8 - 7.3 
0.17 - 1.45 
to. 3 - 1.5 --- 

- - - - - -- - - - - - * 
~ h c s c '  samples were analyzed by M. ] . Dudrs for all elemenu except A1 0 2 3' 



Table 10. Chemical Composition Ranges* ir. the Tillamook and Siletz River Volcanics and the Eocene 
Alkal ics. 

Eocene Siletz River 
T illamook Alkalic Older Unit Younger Unit 

A1203 ( % I  
F to 

MgO 

C a 0  

Na20 

K2° 

MnO 

Cr203 ( P P ~ )  

Sc 

Co 

Ba 

La 

C e 

Sm 

Eu 

Tb 

Y b 

Lu 

Hf 

T a 

Th 

Sr 
--- - * 

The samples in this table were analyzed by M. J. Dudas for all elements except A1 0 
2 3' 
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. ( H~gh Mg Oepoe Bay Basalt 

1 Pack SackLookoutElasalt r 

I 
- 

v 1 . . . .: . . . Low Ma Yakimo Basalt o 

I I - Frenchman Springs Basalt 

Pomona Basalt v 

F'ipure 3. Variat ion d i a g r a m  of F e  v e r s u s  Sc and C r 2 0 3 .  Solid s y m -  
bols a r e  f o r  the coas ta l  basa l t s ,  and open symbols  a r e  f o r  
the plateau basal ts .  Sample  representa t ions  a r e  as follows: 
o, , low Mg, 6 , +, high Mg Lower Yakima and Depoe Bay 
basa l t s ;  g , rn , F r e n c h m a n  Springs and Cape Foulweather  
b a s a l t s ; V ,  V ,  Pomona basa l t  and basa l t  of P a c k  Sack Look- 
out. The regions f o r  low Mg and high Mg Lower  Yakima 
and F r e n c h m a n  Spr ings  basa l t s  a r e  designated by dotted,  
dashed,  and solid l ines ,  respectively,  No region f o r  
Pomona basa l t  is designated due t o  lack of sufficient data. 



Figure 4. Variation diagram of Fe versus C o  and V. Symbols are 
same as in Figure 3. 



Figure 5. Variation diagram of Fe versus Ba and Zr.  Symbols are 
same as in Figure 3. 



7.0 8 .O 9.0 10.0 11.0 12.0 

Fe (%I 
Figure 6 .  Variation diagram of Fe versus La and Lu. Symbole are 

rame as in Figure 3. 



Figure 7. Variation diagram of Fe versus Cs, Ta and Hf. Symbols 
are same as i n  Figure 3. 



Figure 8 .  Variation diagram oi Fe versus Th. Symbols are same as  
in Figure 3. 



' DEPOE BAY vs. LOWER YAKIMA 

-i 
- 

- 

- 

Figure 9 .  

Ce Nd Sm Eu Tb Dy Yb Lu 

REE IONIC RADI I  

Abundance ranges of REE in low Mg Lower  Yakima and 
Depoe Bay basalts a r e  normalized to the average  abun- 
dances  i n  ordinary chondrites .  



DEPOE BAY VS. LOWER YAKIMA 4 
( High Mg Basalts ) -I 

Figure 10. Abundance ranges of REE in high M g  Lower Yakima and 
Depoe Bay basalts are normalized to chondrites. 



CAPE FOULWEATHER vs. 
FRENCHMAN SPRINGS 

f oulweuther 

springs 

1 I I I I I 
3 Ce Nd SmEu Tb Dy 

11_ 
Yb Lu 

RE€ IONIC RADII 

Figure 11. Abundance ranges of REE in Frenchman Springs and Cape 
Foulweather baealts  are normalized t o  chondrites.  



PACK SACK LOOKOUT vs. i 

I w 

La Ce Nd Sm Eu Tb Dy Yb Cu 

REE IONIC RADII 

Figure  12. Abundance ranges of REE in Pomons basalt  and basalt  of 
Pack Sack Lookout are  normalized to chondritee.  
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Figure 15. Abunrlances of several  representative elements in four 
Metchosin Formation samples are  normalized to the 
abundance8 of the fifth. 
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Figure 16.  Average abundances of several representative elements 
in the Tillamook (t), Umpqua (v), and Siletz River 
Volcanics (younger unit) ( 0 )  are normalized to the aver- 
age abundances of the Siletz River Volcanics (older unit). 
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Tahle 11. Depoe Bay Basal:. 
t- 

Low Ma - High ME 
D2 D5 D4 - D 1 D3 n61 n6 h n7 

Ti02 ( 9 ; )  2.0 1. 8 2.0 1.9 2.0 1. 8 1.9 1.8 

A1203 12.7 13.4 13.8 13. 1 13.5 13.8 13.2 14.0 
FeO 12.9 11.5 11.7 11.2 11.6 12.2 12.5 11. 1 

MgO 3.9 3.3 3.5 4.4 5.0 4.8 5.0 4.2 
C a 0  6.3 6.5 6. 1 7. 1 7.7 7.7 7.8 8. 3 
No20 3.2 3.2 3.2 3.2 3.2 3.0 3.0 3.0 

K20 1.3 1.5 1.8 - - 0.4 1.0 1 .0  0.8 

M nO 0.200 0. 171 0. :80 0. 170 0.206 0. 187 0.180 0.255 
Cg03(ppm)  14 20 2 1 2 1 54 33 32 31 
Sc 33 29 3 1 32 37 36 37 37 
V 340 300 320 300 320 330 320 320 
Co 36 34 36 36 38 38 40 38 
Zr 190 170 120 1 50 180 170 170 1 SO 
Ba 530 600 620 490 380 420 430 440 
La 24.6 24.3 23.9 21.3 18.2 19. 5 19.5 19.0 
C 52 48 48 45 40 43 42 39 
Nd 25 26 25 24 24 24 24 23 
Sm 6.6 6.2 6.4 5.6 5.7 6.0 6.0 5.9 
Eu 1.92 1.72 1. 74 1.65 1.68 1. 76 1.80 1. 72 

c T b  1.07 0.97 0.95 0. 87 (3.89 0.91 0.91 0.89 

DV 6 6 6 5 5 5 5 5 

Y t 3.4 3.4 3.2 2.9 3.0 3. 1 3. 1 3. 1 
LU 0.5i 0.49 0.49 0.44 0.46 0.45 0.47 0. 47 

Hf 5. 1 4.7 4.5 4.4 4.1 4. 2 4.3 4; 1 
Ta 0.79 0. 74 0. 73 0.66 0.67 0. 63 0.71 0.69 

Th 5.5 5.4 5. 1 4.6 2.9 3.2 3.6 3. 3 

C I 1.7 1.7 1.5 1.4 1. 1 0. 5 0.8 1.0 
- - -  

Sample # USGS Designation Sample # USCS Designation 



Table 12. Cape Foulweather Basalt. 

T i02  (Y )  

*'2'3 
F eO 

XIgO 

C a 0  

Na20 

K2° 
MnO 

Cr203 ( P P ~ )  

Sc 

v 
C 0 

Zr 

Eta 

La 

Cc 

Nd 

Sm 

Eu 

Tb 

e, 
Y b 

Lu 

Hf 

T a 

Th 

CI 1. 1 0.8 0 .8  0 . 9  1.2 0 . 8  1. 1 
Sample # USCS Designation 

CF 1 SR64-23 
CF2 SR61-123 
CF3 YC-129 
CF4 Mtil 68-37 
CFS SR59-328 
CF6.o SR66-120 
CF6 b SR66-128 



T ~ b l e  13. Basal; of Pack Sack hokout and Strnuard Basalts. 

P1 P2 P3 P4 BC R- 1 CRB 

Sample I USCS Designation Sample U USCS Designation 

P1 SR65- 130 BCR-1 llSCS standard rock 
P2 SR63-32 CRB Research group standard 
P3 CiM61-109 rock 

I 
I P4 SR59-6 



Table 14. Col~lrnbia River  Plateau Basalts. 

* 
TY4 TY6 TY15 TY18 TYZO CRI 73-5 t Error 

TiO;! (%) 

*'2'3 
FeO 

h.w 

C 8 0  

Na 0 
2 

K2° 
MnO 

cr203 ( ppm) 

sc 

Cr 2,O 1.4 0.7 0.5 0.7 0. 1 0 .2  0 . 4  

: T y ~ h  River (ntmbered from bottom up) 
CR: Columbia River (Yakima Type) 
73-5: 1973, US 

Cited e m n  are the estimated maximum e w r  in the ab~mdanccs in Tables 10 through IS and 21. 
See experimental section (11) for details on error detemlinrtion. 



Tab!e I f .  Karmutsco and Metchosln Formrtion Basrlts. 

Ti0 (9:) 
2 

A l  0 
2 3 

F eO 

MgO 

CaO 

Na,O 

*zO 
MnO 

c p 3  ( P P ~ )  

Sc 

v 
Co 

Zr 

BP 

La 

C e 

Nd 

Sm 

Eu 

Tb 

DY 
Y b 

Lu 

HI 

TI 

Th 

Cl 

Sample # 

K 1 

K2 

K3 

-- - -- - - - - 

USGS Dcrignation 

MV7 1-29 

MV71-13A 

MV71-14 

Sample C 

K4 

KS 

K6 

USGS Designation 

MV71-16 

MV71-17 

w 7 1 - 2 s  



Ti0 ( 4 5 )  
2 

A1203 
F eO 

MgO 

CnO 

1.9 

14. 1 

11.8 

8 .3  

8.4 

3 .8  

CO. 1 

0. 150 

3 10 

47 

3 70 

43 

150 

40 

10.7 

22 

17 

5.0 

1.58 

0.92 

6 

3.8 

0.56 

3.3 

0.84 

0.7 

- - 
Sample # USCS Designation Sample U USGS Dcsipyrtton 

C 1 HR-17 C6 SR6 1- 163 
CZ HR-25 C 7 MR71- 166 
C 3 HR-27 CB MR71- 187 
C4 HR-26 C9 MR71-191 
C 5 SR60-4 C 10 JlQ1-10,  



- -id 

Table 17. Tillamook Volcanics. * 

CaO 10.4 11.2 11.3 10.4 11.9 

K2° 
0. 16 0.27 0.19 0.15 0.28 

MnO 0.272 0.26 1 0.199 0.156 0.232 

Sc 38 42 4 1 33 32 

Co 44 5 1 46 64 47 

Ba 140 70 70 70 135 

1 
L 13 12 7.2 35 26 

Ce 33 32 22 84 60 
! 

1 
Sm 5.4 5.4 3.8 7.7 7.5 

Eu 1.6 1.6 1.3 2.2 2.2 

T b  1.0 1.0 0.68 0.69 1.2 

I 
I Y b 2.7 3.2 2.5 2.0 2.9 

I 
Lu 0.50 0.47 0.46 0.34 0.49 

H f 3.8 3.7 2.4 6.1 6.3 

Ta 0.51 0.54 0.40 2.5 1.4 

Th 1.2 1.5 0.67 6. (1 3.1 

Sr 230 190 160 140 330 

Sample Locations: 

#80 - SE 1/4 see. 8, T IS, RBW, Blaine, Ore. 

C 181 - NElC4 sec. 24, TIN, RBW, Enright, Ore. 

I US2 - SE 1/4 see, 26, T2N, RSW, Timber, Ore, 

#83 - SE L/4 zec. 28, TIN, R9W, Nehalem, Ore. 

R84 - SW 1/4 sec. 29, T2N, R9W, Nehalem, Ore. I * 

I 
These samples were amlyced by M .  J .  Dudas via INAA and atomic absorption analysis. A1203 was 
determined via INAA in this work. 



Table 18. Urnpqua Volca~ics. * 

A1203 ( % I  
Feo 

MI30 

c a o  

Na20 

K2° 
MnO 

Ct2O3 ( P P ~ )  

Sf 

Co 

Ba 

k 

Ce 

Sm 

Eu 

Tb 

Y b 

Lu 

Hf 

To 

Th 

Sr 

13.9 14.7 

12.5 12.3 

6. 1 5.9 

10.9 13. 1 

3.2 2.4 

0.10 0.07C 

0.225 0.241 

190 270 

45 46 

46 5C 

120 70 

8.0 8.4 

23 2 1 

4.2 3.9 

1.3 1.3 

0.76 0.76 

2.7 2.6 

0.50 0.47 

3.1 2.4 

0.44 0.20 

0.55 0.74 

270 300 

Sample Locations : 

#89 - SW 1/4 sec. 34, T22S, R4W, Anlauf, Ore. 

#90 - hZ 114 sec. 25, T27S1 R6W1 Roseburg, Ore. 

#91 - S\h' 114 sec. 24, T28S, RSW, Camas Valley, Ore. 

192 - NIV 114 sec. 26, T29S, RI2W, Coquille, Ore. 

R93 - IWV 114-NE 1/4 sec. 30, T28S, RlZW, Coquille, Ore. 

#%a- NE 114 sec. 3, T25S1 RlZW, Coos Bay, Ore. - * 
These samples were analyzed by M. J. Dudas via INAA and atomic absorption analysis. A1 0 was 
determined via INAA in  this work. 

2 3 



Table 19. S l e b  River Volcanics (Older Unit). * 

45 46 47 49 BCR-I 

FeO 

h,l g o  

c a o  

K2° 
- - 0. 10 - - 0.095 1.66 

MnO 0.190 0.170 0.186 0.198 0. 196 

Cr203 ( P P ~  ) 480 420 420 450 19 

Sc 42 40 38 41 32 

Co 50 46 48 50 37 

Ba 70 ( S O  <SO C SO 730 

Sample Locations: 

#45 - (SR59-28) SE 1/4 sec. 36, TlOS, RSW, Benton Co., Ore. 

#46 - (SRS9-28) Same as sample 45 (2CO y&. south). 

147 - (SR59-22) SW 1/4 sec. 27, TIIS, R6W, Benton Co., Ore. 

#49 - SW 114 sec. 7, T 1 IS, RSW, Benton Co., Ore. - * 
These sampler were analyzed by M. J. Dudas via INAA and atomic absorption analysis. A1 0 was 
determined via lNAA in thic work. 

2 3 



Table 20. Siletr River Volcanics (Younger Unit). * 

A l p 3  06) 

Feo 

MgO 

c a o  

Na 0 
2 

K20 

MnO 

Cr 0 (ppm 
2 3 

sc 

Co 

L 

La 

C e 

Sm 

Eu 

T b  

Yb 

Lu 

Hf 

Ta 

Th 

Sr 

Sample Locations : 

#39 - NE 1/4 rec. 28, TllS, R6W, Benton Co., Ore. 

140 - (SR52-2s) SW 114 see. 26, TlOS, R6W, Behton Co., Ore. 

#41 - NE 1/4 sec. 22, TlOS, R6W, Benton Co., Ore. 

R42 - (SH60-86) SW 1/4 SCC. 25, T7S, R6W, Polk Co., Ore. 

RJ3 - (SR65-81) SE 1/4 S ~ C .  4 T7S, R6W, Polk Co., Ore. 

R44 - ( SAB59-I) NW l / 4  ~ e c .  18, TlOS, RSW, Benton Co., Ore. 
- -- - -- 
L 

These samples were analyled by M. J. Dudas via INAA and atomlc absorption analysis. A1 0 was 
2 3 

&te.mined via INAA in m i r  work. 



- q b -  

Table 21. Eocene Alkalic Basalts.  * 

A l p j  (%) 18.2 15.0 

FeO 9.0 12.8 

MgO 1.8 6.5 

CaO 5.5 6.6 

NaZO 4.5 2.9 

K2° 
1.70 1. 30 

MnO 0.174 0.170 

C r Z 0 3  ( P P ~ )  15 140 

Sc 8 .7  18 

C o  15 42 

Ba 600 42 0 

La 9 8 4 6 

C e  216 10 1 

Sm 1 4  10 

Eu 3.9 2.6 

Tb 1.5 1 . 3  

Yb 4 . 3  2 .9  

Lu 0.54 0.41 

H f 9 .4  8 . 4  

T a  0.2 2.8 

T h  13  5. 3 

Sr 8 40 440 

Sample Locations: 

#86 - SE 1/4 sec. 36, TSS, R l l W ,  Hebo, Ore. 

#88 - S W  1/4  sec. 25, T6S, RlOW, Hebo, Ore .  

#SO - Neptune State Park, Ore.  Hwy. 101, 124' 7' X 44' 16'. 
Q These samples  w e r e  analyzed by  M. J, Dudas via INAA and atomic 
absorption analysis. A1 0 was determined via INAA in this  work. 

2 3 



- (.: - '  

Table 22. Cove Pal~sades Volcanic Ash. * 

CPL C PD C Pa CPb 

Ti02 (%) 

A1203 
FcO 

MgO 

CaO 

Na20 

K2° 
MnO 

cr203 (PB) 

Sc 

v 
Co 

Zr 

Ba 

La 

C e 

Nd 

Sm 

Eu 

Tb 

4r 
Y b 

Lu 

Hf 

Ta 

Th 

Cs - * 
Sample designation, are explained in text. 





Elemental Abundances Studies in Allende Inclusions 

Roberta L, Conard 

High temperature inclusions from the Allende meteorite 
were analyzed by INAA for major and trace elements. Five of 
the samples (B-28, B-30, A-2, B-32-1, B-32-2) were obtained 
from Professor G. J. Wasserburg (Cal. Tech.). These were 
reserve portions of the samples analyzed at Cal. Tech. and 
published by Gray et al. (1973). A separation of B-32 into 
dark matrix and whEeTriable material was made before 
analysis. Analyses were also made of the mineral melilite 
(separated by Nagasawa, University of Tokyo), a bulk Allende 
sample (NMNH #3496), Leedey and BCR (see Table 1). 

Leedey does not appear to be a particularly representative 
sample as evidenced by the high Fe and Co concentrations of 
30% and 1700 ppm compared to the expected 22% Fe and 550 ppm 
Co (Mason, 1971). This may be a result of the very small 
sample size (17 mg) which was rather coarsely powdered. Also 
the Fe-Ni ratio for Leedey is 10 instead of the expected 20 
usually found in chondrites. Using the same standards, the 
Ni-Co ratios for the Allende samples (excepting B-32-2) are 
around 20. The Ni-Co ratio of B-32-2 is also 10. 

Comparison of the Allende bulk sample with published values 
shows good agreement between this analysis and other work 
(Clark, 1970) . 

T h  Allende REE abundances range from 0.47 - 15 ppm for 
La and 0.03 - 0.69 ppm for iu. Most show a flat normalized 
REE pattern with a small positive Eu anomaly (see figure 1). 
Sample B-32-2 appears flat from La to Sm and then drops 
abruptly to a ratio of 1 for Yb and Lu. B-30 appears to have 
anomalous Eu and Yb abundances but the lack of data points 
between Eu and Yb prevents a definite answer. 

Future plans include RNAA for REE abundance determinations 
in order to define further these strange REE patterns. 

Clark, Jr., Roy S., E. Jarasewich, B. 
J. R. Hyde (1970). The Allende, 
Smithsonian Contrib. Earth Sci., 

Mason, J. Nelen, M. Goney, 
Mexico meteorite shower. 
c. 1970, No, 5. 

Gray, C. M., D. A. Papanastassiou, G. W. Wasserburg (1973). The 
Identification of Early Condensates from the Solar Nebula. 
Icarus 20, 213. 

Mason, B. ed. (1971). Handbook of Elemental Abundances in 
Meteorites. Gordon and Breach Science Publishers (New York). 
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