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The constraint that the Earth retains the refractory elements in their 
cosmic or chondritic proportions is formalized into an inversion procedure 
which utilizes geochemical measurements on a variety of terrestrial samples 
as input. The basic building blocks are 1.) the continental crust which is 
a major reservoir of the incompatible elements, 2.) midocean ridge basalts 
(MORB) which are depleted in most of these elements, 3.) ultramafic rocks 
which are complementary to MORB and the continental crust in the major rock 
forming oxides, 4.) an orthopyroxene-rich component which is required to 
match chondritic ratios of the major elements, 5.) an optional enriched 
component such as kimberlite or ocean-island basalts. Approximately 400 
models were calculated using three to five of the above components. 

Two or three 2 priori compositions of the above components were 
compiled from the literature and 20 to 24 refractory lithophile elements 
were used in various combinations in the inversions. The target ratios 
were computed from recent estimates of cosmic and chrondritic abundances and 
cosmochemical estimates of terrestrial chemistry. 

The successful models are composed of 47 to 60% ultramafic rock, 
36-42% orthopyroxenite, up to 14% MORB (the garnet-clinopyroxene rich 
component) and up to 0.1% kimberlite or 0.8% Hawaiian tholeiite (the en- 
riched mantle components). When no allowance is made for a separate enrich- 
ed component in the mantle, the trace elements can be matched with 0.7% con- 
tinental crust, a value 25% higher than the amount of crust at the surface. 

Important volatile-refractory ratios all in the following ranges: z Rb/Sr 0.027 - 0.042, K/U 0.48 - 1.22 (x 10 ), Pb/U 6.7 - 12.2. Independent 
estimates of errestrial Pb/U from Pb-isotope studies give 8.1. Using 
atmospheric 45Ar to constrain the amount of K, and other volatiles, the 
above ranges are reduced to Rb/Sr 0.029 - 0.042, K/U 0.6 - 1.2 (x 10 ),  and 
Pb/U 8.8 - 12.2. 

Abundances of moderately volatile elements relative to carbonaceous 
chondrites, are found to be Li (0.75), Mn (0.37), Na and K (0.2), Rb (0.16) 
and Cs (0.06). Other volatiles, relative to C1 chondrites, are Zn (0. I), 
In (0.1), F (0.1), Pb (0.08), Bi (0.05), T1 (0.03), Cd (0.03) and C1 (0.02). 
The magnitude of the depletion generally correlates with volatility as 
defined on the basis of theoretical considerations and depletion of the 
various meteorite classes relative to C1. The compositions of the compo- 
nents and four derived primitive mantle models are given in the table. Two 
crustal compositions, two MORB compositions, two enriched mantle components, 
(kimberlite, KIMB, and a Hawaiian basalt, W998), three ultramafic rock 
compositions (IJMR, BOYD and LHZD) and two orthopyroxenites are tabulated. 
These are compiled from references too numerous to list in this space. 
Mantle Matrix gives the percentages of each component for each of the form 
tabulated models. Cosmic abundances are from Anders, E. and Ebihara, M. 
(Geochim et Cosmochim. Acta, - 46, 2363-2380, 1982). 
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CRUST MORE. 
1 2. 1 2 KlHB We98 LHR BOYD LHZD OPX4 OFx2 

p c t  2.:1 1.69 5 . 8 9  5.92 16  5.76 23.1 26.5 25.48 19.1 21.1 
p c t  9.5 S.53 8.4e 9.2 1.89 6.92 2.1 0.83 1.04 1.08 8.4 
p c t  27.1 29.5 23.2 23.35 14.7 23.9 21.2 20.6 20.62 26 26.9 
p c t  3.36 3.34 8.46 9.16 7.04 6.16 2.5 0.99 1.48 0.87 0.4 
pprn 38 6.5 3'.3 39 15 23.8 14 14  15 22 4 
p:t 8.4E e .36  0.55 0.47 1.18 1,.16 0.1 0.08 0.842 0.02 0.02 
p c m  486 503 118 52 740 450 13 0.5 8 . 9  8.5 4.5 
ppm 22 14 23 26 22 24 2 1.4 4.6 0.02 0.02 
ppn l e e  218 78 35 250 146 2 .2  2.2 11 11 11 
pym 11 13 2 1 118 8 .4  8.4 8.4 8.9 1.4 1.4 
p p m 3 5 8  787 5 4 1000 196 7 2.3 2.3 2 2 
ppm 19 28 1.38 0.9 150 13.8 8.57 8.18 0.84 0.04 
ppm 38 5 7  5 .2  3 . 5  200 34.7 1.71 8.69 8 .1  0.1 
ppm 16 23 5.61 5 .3  8 5  21.3 1.31 8.56 8 .84  0.84 
ppm 3.7 4.1 2.88 1.48 13  5.5 8.43 8.27 8.01 8.81 
ppm 1.1 1.09 0.81 8 .63  3 1.98 0.19 8 .1  8 0 
p p ~  0.64 8.93 8.52 0.46 1 0.86 0.14 8.075 8 8 
PDT, 2 .2  1.53 2.11 1.67 1.2 1.93 0.46 8.37 0.02 0.82 
ppm 0.3 0.23 0.34 8.35 0.16 0.27 0.08 0.056 0.01 8.81 
ppm 3 4.7 1.4 1.16 7 3.3 0.34 0.04 8.15 0.17 8.17 
ypm 2 2 0 . 1  0.07 9 8.53 0.03 0.01 0.83 
ppm 4.8 5.1 0.03 0.828 11.4 0.6 0.09 8.825 
ppm 1.25 1.3 0.022 0.02 3.1 0.22 8.83 8.089 

pprn 625 625 211 106 1900 300 21 
p p m 1 0 7 4 1 8 7 4  23 17 308 190 1 
ppm 1058 817 398 39e 3880 16ee 61 
pprn 260 24 600 600 2008 1375 8 
ppm 10 10 9 12 25 12.8 1.5 1.5 1.5 
p c t  2 .6  3.11 1.59 8.44 0.2 0.18 0.22 8.84 8.13 8.88 
p c t  1.25 1.75 8.066 0.832 1.76 0.46 8.01 8.042 8 
pprn 42  61  0.34 8.17 6 5 8 . 3 2  8 . 4 8 . 8 5  8 . 8 5 8 . 6 4  
pprn 1.7 1.7 0.885 8.802 2.3 8.7 8.01 8 6E-84 8 8 

pprn 175 175 218 198 128 202 7 7  77 7 7  60 68 
pprn 5 5  56  441 980 1180 498 2508 2580 2580 2500 3288 
pprn l i e 0  l i e 0  1880 i e e e  1168 l i e 0  1840 i e i e  i s l e  i e i e  853 
p c t  5.83 3.81 6.52 6.37 7.16 7.89 6.88 6.46 5.1 6 . W  3.55 
pprn 25 2 5  53  58 7 7  68 105 185 105 1e5 58 
ppm 28 35 152 32F lRSB 0 1 6 2 1 1 0 2 1 1 8  2 1 1 8 2 1 1 8  788 
pprn 68 68 77  138 88 65 15 15 15 30 5 
pprn 52  52  74 74 80 109 60 68 60 28 20 
ppm 18  18  18 14  18 19 4 4 4 3 3 
ppm 1.5 1.5 1.5 1.5 8.5 1.28 1.1 1 1 1.1 1.1 
pprn 0.05 0.05 0.181 0.181 8.15 8.88 0.82 8.82 8.82 0.81 8.81 

ppm 0 .07  8.87 0.019 8.819 8.82 8.04 8 8 8.683 8 0 
ppm 8.2 8.2 8.129 8.129 8.07 8.87 0.83 8.83 a.83 8.81 0.81 
pprn 8.1 0.02 8.072 0.072 8.1 8.89 8 8 8.082 8 8 
pprn 2 2 1.36 1.36 15 1 5 8 . 5 2 8 . 5 2  8 . 5 2 8 . 5 2 8 . 5 2  
pprn 1.5 1.5 0.805 0.002 1 0.2 0.81 8 8.889 
ppb 1 1 1.1 1.1 1 8.8 8.81 0.1 e . l  8.88 0.1 
ppb 5 5 8.04 8.84 3.5 8.1 5 5 5 3.1 3.1 
ppb 1 1 8.801 e.84 7 8.3 5 5 5 3.2 3.2 
ppb 4 0.6 0.34 1 4 1 8.8 8.8 8.8 8.49 8.49 
ppb 8.25 8.25 8.81 0.807 0.22 8.82 8.81 
pprn 7 15 0.88 8.88 18 4 e .2  8.2 8 . 2  
ppb 0.2 8.2 0.807 8.087 8.83 0.85 8.81 8.81 0.885 

CRUST 
C3VST2 
MORB 
MORE2 
K I M 5  
W998 
UMR 
OPX4 
OPX2 
BOYD 
LHZD 

MODEL M T R I X  
1 2 3  

0.55 0.69 1 

9.28 1.63 13.4 
0.19 

8.81 
59.7 

3 8  38  
37.6 

47 
52.2 

A W S I  
4 MG/Sl 

W A L  
8.55 MG/&L 

2.5 W L U  
CEMB 
ND/SH 
T W U  

59.1 W S  
37.8 W U  

R W S R  
U/PB 

W q T L E  MODELS 
1 2 3 4  

21.1 2 ; . 2 2 1 . 3  21 
1.86 1.8F 1.93 1.91 
2 2 . 9  23.1 23.4 23 .1  
1.99 2.81 1.95 2.04 

20 17.6 13.8 17.5 
0.08 0.08 0.12 8.08 
13.3 11.6 16.6 13.4 
4.42 1.68 3.77 1.84 
14.2 6.76 12.1 8.36 
1.36 0.86 1.03 0.89 
6.17 7.43 7.47 8.91 
8.59 8.5 8.44 8.54 
1.31 1.38 1.17 1.49 
1.85 0.99 1.06 1.86 
0.33 0.31 0.28 8.33 
8.12 8.13 0 . 1 1  8.14 
0.09 0.1 0.08 8.1 
8.37 8.32 8.27 0.34 
0.07 0.06 0.05 0.06 
8.28 0.31 0.3 8.33 
0.85 0.03 0.04 0.03 
8.86 0.09 0.06 0.88 
8.02 0.02 0.02 0.02 
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