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Table 1 Comparison of chondrite values and OREE values for same samples
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu |2REE
(1973) | 0.378 | 0.976 | 0.138 [ 0.716 | 0.23 |0.087 |0.311 |0.057 | 0.39 | 0.087 [ 0.255 | 0.04 |0.249 | 0.039 | 3.952
(1971 | 0.32 | 0.94 [ 0.12 | 0.6 [0.192/0.073 | 0.31 | 0.05 | 0.31 [0.073 | 0.21 |0.033 | 0.19 |0.031 |3.452
(1984) | 0.31 [0.808 [0.122| 0.6 [0.195]0.074 [0.259 [0.047 [0.322 [ 0.072 | 0.21 [0.032 [0.209 |0.033 |3.293
1977 | 0.315 [ 0.813 [0.116 [ 0.597 [ 0.192 [0.072 [0.259 [ 0.049 [ 0.325 [ 0.073 [ 0.213 | 0.03 [0.208 [0.032 | 3.295
G7C > [ 226 [ 826 | 1.05]2.44 [ 0.72 [ 0.08 [0.44 [ 0.16 [ 0.44 [ 0.16 | 0.36 | 0.08 [ 0.86 [ 0.21 [17.52
( )
(1973) | 9.565 [24.70 [ 3.492 [ 18.12 [ 5.820 [ 2. 191 [7.870 [ 1.437 [ 9. 869 [ 2. 196 | 6.453 | 1. 010 [ 6. 301 | 0. 979
(1971 | 9.270 [ 27.23 [3.476 | 17.38 | 5.562 | 2. 115 | 8.980 | 1. 448 | 8.980 | 2. 115 | 6. 083 | 0.956 | 5.504 | 0. 898
(1984) |9.413 [24.53 [3.704 | 18.22 | 5.921 |2.232 | 7.864 | 1.439 [ 9.777 [ 2.180 | 6.377 | 0.984 | 6. 346 | 1. 008
(1977 | 9.561 | 24.68 | 3.521 | 18.12 | 5.828 [2.192 | 7.862 | 1.487 | 9.865 | 2.216 | 6.465 | 0.911 | 6.314 | 0.980
c7 [12.90 [47.15[5.993 [ 13.93 | 4. 110 [0.457 [2.511 [0.913 [ 2.511 [ 0.913 | 2.055 [ 0.457 [ 4.909 | 1. 199 |
REE
(1973) | 34.86 | 90.89 | 71.62 [—23.1|—29.4|—79.2|—68.1|—36.5|—74.6|—58.4|—68.2|—54.8|—22.1| 22.4
(1971 [39.15 | 73.14 | 72.4 |—19.9|—261|—78.4| —72 |—36.9| —72 |—56.8|—66.2|—52.2|— 10. 8] 33. 47
(1984) [37.04 [92.16 [ 61.78 |[—23.6|—30.6|—79.5|—68.1|—36.5[—74.3|—58. 1|—67. 8] —53.6|—22. 7] 18.9
1977 | 34.91 [91.05 [ 70.21 [—23.1|—29.5|—79.2|—68. 1|—38.6|—74. 5[—58. 8| —68. 2| —49. 9[—22.3[ 22. 26
(1973) | 1.617 | 0.664 [—5.73|—0.55|— 1.71 |~ 1. 81| 0.068 |—0. 14| 0.936 | 0.747 | 1. 195 | 2. 628 |[—0.71|—2.86
(1971 |—1.52{10.99 [—6.16| —4.6 |—6.07|—5.25( 14.19 [ 0.636 |[—8.15| —3 |—4.6 |—2.83|—13.3|—10.9
1977 | 1.576 [ 0.582 [—4.95(—0.54|—1.57 | — 1.8 |[—0.04(3.338 [ 0.895 | 1.634 | 1.392 |[—7.44|—0.51|—2.75
0 0 0 0 0 0 0 0 0 0 0 0 0
1 PRI | ——— 1t
1 —em—— i (] ¢ LRI o I okt T
3 O L T a0 § e W ¢ 98
o }— - — =] R R X
4 e A W1Y77, ot r S e L 9T
41]1
A [E3]
= ) _ e ) g 1
= S e — A e i —
B
-dyoF
S
=60 F
80 |
100
-l 5 . ,
lu te " Nl N La Gl b Dy ' lm Yh fu oA ™ N R luooud ih I He T T % h I
1 . 2 . .
1. (1973);2. (1971); 3. 4. 497D 1. (1973);2. (1971); 3. (1984); 4. 1; 5.
Fig.1 Incomplete isomorphous REE fractionation model for 977D

chondrite-normalized values from Boynton,

from Masuda, 1973, Herrman,

1= Masuda,
Talos 1977

1973; 2= Herrman,

1984 versus those
1971 and Talor, 1977

1971; 3= series 1; 4—

ples

1= Masuda, 1973;
1984; 4= series 1; 5= Talon

Fig. 2 Incomplete isomorphous REE fractionation model for

chondiitenormalized values from Masuda 1973, Herrman,

1971 and Talor,

1977 and Boynton 1977 for the same sam-

1971;

2 = Herrman,

1977

3= Boynton,
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Incomplete isomorphous REE fractionation model for

the Earth and its partial levells
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Fig. 6 Incomplete isomorphous REE fractionation model for

various spheres of the surface

1= sedimentary sphere;

2= volcanic-sedimentary sphere;

3= basalt sphere; 4= oceanic sphere; 5= continental sedi-

mentary sphere; 6=chondrite
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Fig.7 Incomplete isomorphous REE fractionation model for Fig. 9 Incomplete isomorphous REE fractionation model for
basic and ultrabasic rocks Euramerican shales and continental sediments

1= gabbro; 2= basalt; 3= pendotite; 4= spinel lherzolitg 5= 1= North American shale (1); 2= North Amencan shale
kimberlite; 6= kimberlite (Russian); 7= chondrite (2); 3= Europic Palaeozoic shale association; 4= continental
sedimentary association (1); 5= continental sedimentary as-

sociation (2); 6= chondrite
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Fig. 8 Incomplete isomorphous REE fractionation model for sedimentary carbonate rocks (a) and igneous carbonatite (h)
a; 1= biogenic limestone (Ordovician); 2= limestone (Silurician); 3= biogenic micritic limestone (Triassic); 4=sandy limestone
(Devonian); 5= chondrite. b: 1= carbonatite; 2= calcite carbonatite; 3= calcite carbonatite; 4= calcite carbonatite; 5= chon-

drite
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Fig. 10~ Chondrite normalized REE distribution patterns for
the granite masses in the central part of the Nujiang Lan-
cangjiang-Jinshajiang area, western Sichuan ( after Zhang
Nengde, Zhang Huaiju et al., 1990)

a. Cojiaoma granite mass (I-type): 1= fine-grained moyitg
2=172; 3=3; 4=fine to medium-grained biotite granodiorite
5= medium- to coarse-grained amphibole biotite adamellitg 6=
coarse-grained biotite granite; 7= porphyroid biotite adamellite
b. Beila granite mass (I-type): 1= 41— amphibolite; 2= 42—
medium-grained amphibole quartz monzonitg 3= 43 — por-
phyritic amphibole quartz monzonite; 4= 44— porphyritic am-
phibole quartz syenite; 5= 45— porphyritic amphibole syenite
6= 46— porphyritic pyroxene-bearing amphibole adamellitg
7= 47— porphyritic amphibole syenite; ¢ Riyong granite mass
(Ftype): 1= 15— monzonitic granite; 2= 16 3= 17; 4= 1§
5=19;d. Caotong granite mass ( Ftype): 1= 49— altered bi-
otite adamellite; 2= 50— slightly fractured biotite adamellite

3= 51 — fractured biotite adamellite; 4= 52 — medium- to
coarse-grained amphibole moyite; 5= 48— sillimanite-bearing
biotite quartz schist; e. Comolong, Hailongna and Copu granite
masses (S-type): 1= 25— moyite; 2=26 3= 27; 4=28—
granite porphyry; 5= 29— moyite; 6= 20— fine to medium-
grained moyite; f. Chola and Dongzhongda granite masses (S-
type): 11= 30— medium-grained monzonitic granitg 2= 31—
porphyroid monzonitic granite; 3= 32— pegmatite granite; 4=
33— porphyritic granite; g. Gaogong granite mass (S type):
1= 34— moyite; 2=35; 3= 36; 4=37; 5=138; 6= 39; 7=
40; h. Hagela granite mass (S-type): 1= 21 — porphyroid
moyite; 2= 22; 3= 23; 4= 24— alaskite; i. Dongeo granite
mass (S— type): 1= 8 fine-grained moyite; 2= 9— porphy-
roid biotite granite; 3= 10— mediunr grained silicified quartz
dionite; 4=11—silicified quartz diorite; 5= 12— quartz dioritic
porphyrite; 6= 13— biotite granitg 7= 14— fine- to medium-

grained biotite moyite
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Fig. 11 Incomplete isomorphous REE fractionation model for
the granite masses in the central part of the Nujiang Lan-
cangjiang-Jinshajiang area, western Sichuan ( after Zhang
Nengde, Zhang Huaiju et al., 1990)

a. Cojiaoma granite mass ( Ftype): 1= 1 — fine-grained
moyitg 2= 2; 3=3; 4= 4— fine to medium-grained biotite
granodiorite; 5= 5— mediunr to coarse-grained amphibole bi-
otite adamellite; 6= 6— coarse-grained biotite granite; 7= 7—
porphymwid biotite adamellite; 8= mean chondrite-normalized
values from Boynton, 1984; b. Beila granite mass (I-type):
1= 41 — amphibolite; 2= 42 — medium-grained amphibole
adamellite 3= 43— porphyritic amphibole adamellite; 4= 44—
porphyritic amphibole quartz syenitg 5= 45— porphyritic am-
phibole syenite; 6= 46— porphyritic pyroxene-bearing amphi-
bole adamellite; 7= 47— porphyntic amphibole syenite; 8=
mean chondrite normalized values from Boynton 1984 c. Riy-
ong granite mass (Ftype): 1= 15— monzonitic granitg 2= 16
—monzonitic granite; 3= 17— monzonitic granite; 4= 18—
monzonitic granite; 5= 19— monzonitic granite; 6= 20 (Genie
mass)-fine to medium-grained moyite; 7= mean chondrite-
normalized values from Boynton 1984; d. Caotong granite
mass (Ftype): 1= 48 — sillimanite-bearing biotite quartz
schist; 2= 49— altered biotite adamellite; 3= 50— slightly frac-

tured biotite adamellite; 4= 51— fractured biotite adamellite;
5= 52—medium- to coarse grained amphibole moyite; 6= mean
chondrite-normalized values from Boynton 1984; e. Comolong
granite mass (S-type): 1= 25— moyite; 2= 26— moyite; 3—
27— moyite; 4= 28 (Hailongna mass)-granite porphyry; 5=
29 (Copu mass >moyite; 6= mean chondrite-normalized values
from Boynton, 1984; 7= 20 (Genie mass)-fine to medium-
grained moyite; f. Chola granite mass (S-type): 1=30— medi-
um-grained monzonitic granite; 2= 31— porphyroid monzonitic
granitg 3= 32— pegmatite granitg 4= 33— porphyritic gran-
ite; 5= mean chondrite-normalized values from Boynton, 1984;
g. Gaogong granite mass (S-type): 1= 34— moyite; 2= 35—
moyite; 3= 36— moyitg 4= 37— moyite; 5= 38— moyite;
6= 39— moyite; 7= 40— moyite; 8= mean chondite values
from Boynton 1984; h. Hagela granite mass (S-type): 1= 21
— porphyroid moyite; 2= 22— porphyroid moyite; 3= 23—
porphyroid moyite; 4= 24— alaskite; 5= mean chondrite-nor-
malized values fom Boynton, 1984 i Dongco granite mass
(S-type): 1= 8— fine-grained moyite; 2= 9— porphywid bi-
otite granite; 3= 10— medium-grained silicified quartz diorite;
4= 11— siliafied quartz diorite; 5= 12— quartz dioritic por-
phyrite; 6= 13— biotite granite; 7= 14 (Marxionggor) — fine-
to medium-grained biotite moyite; 8= mean chondrite-normal-

ized values from Boynton 1984
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The incomplete isomorphous REE fractionation models and their implica-
tions for the origin and evolution of magmatic rocks

LI Sheng, XU Yong-sheng
(Chengd u Institute of Gelogy and Mineral Resources, Chengdu 610082, Sichuan, China)

Abstract: The incomplete isomorphism is a special ty pe of isomorphous replacement for REE. An incomplete i-
somorphous REE fractionation models are presented herein. In these models, fourteen elements of REE are pos-
tulated to be considered as one element, whereas the others as isotopes. These elements can be fractionated in
geological processes. According to these models, the fractionation values of each REE can be calculated with re-
spect to chondrite-normalized values. The formula for caleulation is OREE = [ (REE/ ZREE ) qmpe/ ( REE/
SREE) chondrite-1] X 100. The modal diagrams then may be constructed by using the calculated values as y-coo rdi-
nate and atomic numbers as x-coordinate. The modal diagrams are well referred to as the incomplete isomor-
phous REE fractionation models cited above, and will improve our knowledge of petrogenesis, especially of the
origin and evolution of magmatic rocks.

Key words: REE; incomplete isomorphism; fractionation model; analogy/multiplication; percentage deviation



