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7extura1-petr09raph1c feature5, maj0r and trace e1ement5 and m1nera1 chem15try are rep0rted f0r 5p1ne1-per1d0t1te 
xen011th5 fr0m n0rthea5tern 8ra211 (NE-5u1te) and Para9uay (PY-5u1te). 
Var1at10n trend5 def1ned 6y 6u1k r0ck and m1nera1 chem15try are c0n515tent w1th the effect5 0f var1a61e de9ree 0f 
h19h-pre55ure me1t1n9 f0r 60th 5u1te5. 
7he PY-5u1te 5tr0n91y d1ffer5 fr0m the NE-5u1te 6y 1t5 very h19h c0ntent5 0f 1nc0mpat161e e1ement5. 7h15 d1fferent 
wh01e-r0ck chem15try 15 re1ated t0 the pre5ence 0f 91a55y-m1cr0cry5ta111ne 61e65 wh1ch are 1nterpreted a5 rema1n5 0f 
pre-ex15t1n9 hydr0u5 pha5e5 0f meta50mat1c 0r191n. 7he d1fference 6etween the tw0 5u1te5 15 a150 rec0rded 1n the 
chem15try 0f pyr0xene5 and 5p1ne15, wh1ch deve10p a10n9 d1fferent var1at10n pattern5. 
A1th0u9h the 5u1te5 part1a11y 0ver1ap 1n the1r ran9e5 0f m90p x (M9/(Fe2++ Fe 3+) rat10 1n 0rth0pyr0xene5), the 
PY-5u1te 15, 0n the avera9e, m 0 r e  m 9 0 p  x r1Ch (re51dUa1) than the NE-5U1te. W1th1n the PY-5u1te a r0u9h p051t1Ve 
c0rre1at10n eX15t5 6etWeen de9ree 0f re51dua11ty and de9ree 0f meta50mat1C effect5. 
7he 5harp d1fference5 6etWeen the NE-5U1te and the PY-5U1te 1mp1y mant1e heter09ene1ty 0n re910na1 5Ca1e, wherea5 the 
var1a6111ty W1th1n each 5u1te 15 e55ent1a11y re1ated t0 d1fferent de9ree5 0f me1t1n9 and/0r meta50mat15m and 1mp1y mant1e 
heter09ene1ty 0n 10Ca1 5Ca1e. 

1. 1ntr0duct10n 

Per1d0t1te n0du1e5 enc105ed 1n a1ka11 6a5a1t5 have 
6een prev10u51y n0ted  1n 50me 10ca11t1e5 0f n0r th-  
ea5tern 8ra211 and Para9uay  [1]. 

A pre11m1nary 5amp11n9 ha5 6een carr1ed 0ut 
f r0m 50me xen011th-r1ch 0ccurrence5 1n the R10 
6 r a n d e  d0 N0r te  5tate  0f 8ra211 (P1c0 Ca6u91, PC; 
5erra  A9uda ,  5A; Cerr0  C0rh, CC) and  1n 
Para9uay,  near  A5unc16n (Nem6y ,  Lam6ar~,  
Nueva  7e61ada,  7acum6h) .  

Xen011th5 f r0m n0r thea5tern  8ra211, hereaf ter  
ca11ed the NE-5u1te, are f0und 1n fre5h 1ava5 0ccur-  
r1n9 1n 5ma11 p1u95. 7 h e  1ava5 are 6a5an1te5 (PC 
and  5A) 0r nephe11ne-n0rmat1ve 011v1ne-r1ch 6a5a1t5 
(CC), wh1ch ran9e 1n a9e f r0m 18 t0 42 m.y. [2]. 
7 h e  n0du1e5 ran9e f r0m 5ma11 d15mem6ered p1ece5 
(1e55 than 1 cm) up t0 25 cm 1n d1ameter, w1th the 
h19he5t 512e f re4uency a r0und  3 - 5  cm. 1nf0rma- 
t10n a60ut  the 9e01091ca1 5ett1n9 and  pe t r09raphy  
0f the n0r thea5tern  8ra211 7ert1ary 6a5a1t1c pr0v-  
1nce 15 91ven 1n [3,4]. 

Xen011th5 f r0m Para9uay,  hereaf ter  ca11ed the 

PY-5u1te, are f0und 1n E0-01190cene nephe11n1te5 
and  are part1cu1ar1y a6undan t  at the ]•7,7em6y 10ca1- 
1ty. 7he  512e var1e5 f r0m a few cent1meter5 up t0 40 
cm, w1th the h19he5t 512e f re4uency a r0und  5 - 7  
cm. Fur the r  da ta  can 6e f0und 1n [5,6]. 

A11 the xen011th5 0f th15 5tudy are 5p1ne1-per1- 
d0t1te5 w1th the typ1ca1 f0ur-pha5e a55em61a9e: 
011v1ne (01), 0 r th0pyr0xene  (0px), c11n0pyr0xene 
(cpx) and 5p1ne1 (5p) 1n 0rder  0f decrea51n9 am0unt .  

6a66r01c  n0du1e5 and  011v1ne and c11n0pyr0x- 
ene me9acry5t5 have a150 6een c011ected, 6ut  are 
n0t  c0n51dered 1n th15 5tudy. 

7 h e  xen011th 5u1te5 rep0r ted  1n th15 pape r  pr0-  
v1de 1nf0rmat10n c0ncern1n9 the mant1e c0mp051- 
t10n 6e10w n0rthea5tern 8ra211 and Para9uay,  0n 
wh1ch at pre5ent there are n0 data.  

2. Petr09raphy 

2.1. 6enera1  teXtUra1 f ea ture5  

7he  teXtUra1 feature5 here 0Ut11ned are C0mm0n 
t0 a11 n0dU1e5, a1th0U9h they are d1fferent1y deVe1- 
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7A8LE 1 

Repre5entat1ve m1cr0pr06e ana1y5e5 0f 0rth0pyr0xene5 and c11n0pyr0xene5. Cat10n5 0n the 6a515 0f 6 0xy9en5. Fe 3+ ha5 6een 
ca1cu1ated 0n the char9e 6a1ance, tak1n9 1nt0 acc0unt the num6er 0f cat10n5 06ta1ned 0n the 6a515 0f 6 0xy9en5 

0rth0pyr0xene5 C11n0pyr0xene5 

5pec1men N0. :  1 2 5 7 . 8 9 1 2 5 7 8 9 

5amp1e PY3091 PY3092 PY3101 5A23 CC29 CC37 PY3091 PY3092 PY3101 5A23 CC29 CC37 

5102 57.25 55.03 55.51 55.14 54.99 53.73 52.95 52.80 53.39 52.09 52.42 51.25 
7102 0.08 0.01 0.02 0.12 0.05 0.12 0.24 0.03 0.22 0.43 0.14 0.63 
A1203 1.95 2.39 2.76 3.98 3.15 4.33 2.90 2.83 1.32 5.97 4.23 7.02 
Fe0  t 5.62 5.41 5.75 5.78 5.58 6.20 2.40 2.13 2.17 2.47 2.17 2.68 
M n 0  0.15 0.14 0.14 0.14 0.14 0.18 0.00 0.09 0.08 0.08 0.07 0.10 
M90 35.06 35.44 33.93 33.90 34.64 33.16 17.14 17.32 17.64 15.53 16.52 15.19 
Ca0  0.46 0.39 0.69 0.56 0.54 0.57 19.61 22.66 22.65 20.35 21.97 20.26 
Na20  0.18 0.02 0.11 0.05 0.04 0.09 1.06 0.58 0.42 1.34 0.92 1.63 
Cr203 0.40 0.36 0.40 0.39 0.46 0.26 2.10 0.73 0.94 1.06 1.09 0.75 

5UM 101.15 99.19 99.31 100.07 99.53 98.64 98.42 99.17 98.83 99.32 99.53 99.51 

51 1.9488 1.9130 1.9284 1.9007 1.9053 1.8849 1.9436 1.9316 1.9606 1.8942 1.9094 1.8639 
71 0.0020 0.0100 0.0005 0.0031 0.0013 0.0032 0.0066 0.0008 0.0061 0.0117 0.0038 0.0172 
A1 0.0782 0.0979 0.1130 0.1617 0.1286 0.1790 0.1254 0.1220 0.0571 0.2558 0.1816 0.3008 
A17M 0.0512 0.0870 0.0716 0.0993 0.0947 0.1151 0.0564 0.0684 0.0394 0.1058 0.0906 0.1361 
A1 v1 0.0270 0.0109 0.0413 0.0624 0.0339 0.0639 0.0690 0.0536 0.0178 0.1500 0.0909 0.1647 
Fe 3• 0.0315 0.1012 0.0383 0.0356 0.0725 0.0655 0.0000 0.0495 0.0180 0.0000 0.0389 0.0446 
Fe 2• 0.1284 0.0560 0.1287 0.1310 0.0893 0.1163 0.0736 0.0156 0.0486 0.0751 0.0272 0.0365 
Mn 0.0043 0.0041 0.0041 0.0041 0.0041 0.0053 0.0000 0.0028 0.0025 0.0025 0.0022 0.0031 
M9 1.7778 1.8352 1.7558 1.7407 1.7878 1.7328 0.9372 0.9439 0.9649 0.8412 0.8963 0.8229 
Ca 0.0168 0.0145 0.0257 0.0207 0.0200 0.0214 0.7710 0.8880 0.8910 0.7927 0.8572 0.7893 
Na 0.0119 0.0013 0.0074 0.0033 0.0027 0.0061 0.0754 0.0411 0.0299 0.0944 0.0649 0.1149 
Cr 0.0108 0.0099 0.0110 0.0106 0.0126 0.0072 0.0609 0.0211 0.0273 0.0305 0.0314 0.0216 

a 5pec1men num6er5 a5 91ven 1n 7a61e 3. 

0ped fr0m 5amp1e t0 5amp1e: 
(1) 5p0n9y 60rder5 are 5tr0n91y deve10ped 1n 

cpx and weak1y deve10ped 1n 0px, 6ut a65ent 1n 01. 
(2) Cr-5p1ne1 15 m05t1y 1nter5t1t1a1 am0n9 pyr0x- 

ene5, w1th a character15t1c ••h011y-1eaf•• 0ut11ne. 
5p1ne15 f0und 0n the 60rder 0f the xen011th5, 1n 
c0ntact w1th the h05t 1ava, 5h0w a 61ack 0x1dat10n 
r1m. 

(3) 5u1f1de5 (pyrrh0t1te and pent1and1te) 0ccur 
1n a1m05t a11 the xen011th5 1n var1a61e, 6ut 5ma11, 
am0unt5.7hey are f0und a5 tw0 textura1 type5: (a) 
a5 5ma11 dr0p5 re5u1t1n9 fr0m 114u1d-ex501ut10n, 
a10n9 the 5p0n9y r1m5 0f pyr0xene5 0r 1n 91a55y 
patche5; (6) a550c1ated w1th f1u1d 1nc1u510n5 a10n9 
5ea1ed cry5ta1 fracture5. 

1n add1t10n t0 the5e feature5, 1n 9enera1 xen0- 
11th5 fr0m the PY-5u1te d15p1ay 91a55y-m1cr0cry5ta1- 

11ne 61e65 a n d / 0 r  1nter5t1t1a1 91a55. 7he 61e65 (F19. 
1a) c0nf0rm t0 the de5cr1pt10n 0f Maa10e and 
Pr1n21au [7]. 7hey are deve10ped ar0und 5p1ne15 
wh1ch d15p1ay a 5tr0n91y 106ate 5hape. When the 
61e65 are pre5ent, 5p1ne15 are 0n1y f0und enc105ed 
w1th1n them, except f0r a few, wh1ch are enc105ed 
1n 011v1ne. 7he 61e65 c0n515t 0f 01, cpx and euhedra1 
Cr-5p m1cr011te5 1n a 91a55y-fe1d5path1c matr1x. 

7w0 k1nd5 0f 91a55e5 are pre5ent: a pa1e 6r0wn 
91a55 and a c010r1e55 0ne. 7hey are fre4uent1y 
acc0mpan1ed 6y dev1tr1f1cat10n pr0duct5. 80th 
61e65 and 1nter5t1t1a1 91a55e5 are 9enera11y r0unded 
and 5eparated fr0m each 0ther, and are n0t a119ned 
a10n9 fracture5. 7hey are part1cu1ar1y a6undant 1n 
50me 1ar9er-512ed xen011th5 (e.9. 5amp1e5 PY3091, 
PY3095: d1am. 12 cm). 

F19. 1. (a). 61a55y-m1cr0cry5ta111ne 61e6 enc1051n9 re11ct 5p1ne15 (p1a1n 119ht). (6) C0ar5e-9ra1ned texture. 5p1ne1, u5ua11y a5 1nter5t1t1a1 
pha5e, d15p1ay5 a h011y-1eaf 5hape (cr055ed n1c015). (c) 7a6u1ar texture w1th undef0rmed e10n9ated 011v1ne cry5ta15 (cr055ed n1c015). (d) 
P0rphyr0c1a5t1c-m05a1c texture 5h0w1n9 p0rphyr0c1a5t5 0f pyr0xene5 1n a f1ne-9ra1ned m05a1c 0f recry5ta1112ed 011v1ne (cr055ed n1c015). 
(W1dth f0r a11 p1cture5 2.7 mm.) 
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2.2. 7exture5 

7hree ma1n type5 0f texture5, apparent1y re1ated 
t0 d1fferent de9ree5 0f 5tra1n and recry5ta1112at10n, 
have 6een 1dent1f1ed (n0menc1ature acc0rd1n9 t0 
80u111er and N1c01a5 [8]): 

(a) C0ar5e-9ra1ned texture w1th 0ne 9enerat10n 
0f cry5ta15 w1th curved 60rder5. 7h15 15 the d0m1- 
nant textura1 type and the 0n1y 0ne f0und 1n the 
PY-5u1te (F19, 16). 

(6) Weak1y ta6u1ar texture w1th 0ne 9enerat10n 
0f cry5ta15. 0n1y tw0 xen011th5 d15p1ay th15 texture 
c1ear1y (F19. 1c). 

(c) P0rphyr0c1a5t1c-m05a1c texture, wh1ch 15 
character12ed 6y 5hear and recry5ta1112at10n fea- 
ture5, w1th tw0 9enerat10n5 0f cry5ta15. 0n1y f0ur 
xen011th5 d15p1ay th15 texture (F19. 1d). 

50me n0du1e5 exh161t texture5 1ntermed1ate 6e- 
tween the 0ne5 ment10ned a60ve. 

0 n  the 6a515 0f textura1 feature5, the n0du1e5 
fr0m n0rthea5tern 8ra211 have 6een d1v1ded 1nt0 
tw0 5u1te5: 

(1) A NE ma1n-5u1te, w1th (a) and (6) textura1 
type5. 

(2) A NE 5heared-5u1te, w1th (c) and 1nter- 
med1ate textura1 type5. 

3. Chem15try 

3.1. M1nera1 chem15trv 

M1cr0pr06e ana1y5e5 have 6een carr1ed 0ut 6y 
mean5 0f an ARL-5EMQ 1n5trument 0perat1n9 at 

15 kV and 20 nA. Repre5entat1ve ana1y5e5 f0r 
pyr0xene5 and 5p1ne15 are 91ven 1n 7a61e5 1 and 2. 

011v1ne5 are chem1ca11y h0m09ene0u5 w1th1n 
each 5amp1e. W1th1n the n0du1e p0pu1at10n, the 
c0mp051t10na1 ran9e 1n F0 c0ntent 15 rather nar- 
r0w: fr0m 89.2 t0 92.4. 

0rth0pyr0xene5 are un20ned, rare1y 5h0w1n9 ex- 
treme1y f1ne ex501ut10n 1ame11ae n0t re501va61e w1th 
the m1cr05c0pe. 7he M9/ (Fe2++  Fe 3+) rat10 1n 
0rth0pyr0xene5 (rn90p x) c0rre1ate5 p051t1ve1y w1th 
the F0 c0ntent 1n 011v1ne5 (r~.,,rr = 0.91 f0r a p0pu- 
1at10n 0f 35 5amp1e5). 80th parameter5 are 9ener- 
a11y 6e11eved t0 6e 1nd1cat1ve 0f the re51dua1 char- 
acter 0f the wh01e per1d0t1t1c a55em61a9e. 8ecau5e 
0f the 5ma11 var1at10n ran9e 1n the F0 c0ntent 0f 
the 011v1ne5, the m90p × ha5 6een taken a5 a var1a- 
t10n (dep1et10n) 1ndex 1n the f0110w1n9 d1a9ram5. 
7he c0mp051t10na1 var1at10n 0f the 0rth0pyr0xene5 
V5. m90p x 15 5h0wn 1n F19. 2. 

C11n0pyr0Xene5 have h0m09ene0U5 C0re c0m- 
p051t10n5 w1th1n each 5amp1e. Cr-5p ex501ut10n 0c- 
ca510na11y 0ccur5 wh11e 0px ex501ut10n 15 rarer. 
7w0 5amp1e5 (PY3098 and PY3095) carry an ap- 
prec1a61e am0unt 0f Cr-5p 1ame11ae. 7hey have 
6een e5t1mated 6y p01nt-c0unter under ref1ected 
119ht t0 6e 6e10w 1.5%. 0 n  the 6a515 0f th15 e5t1- 
mate, the pre-ex501ved c0mp051t10n 0f cpx ha5 
6een ca1cu1ated (cf. F19. 3). 7he c0mp051t10na1 
var1at10n 0f c11n0pyr0xene5 15 5h0wn 1n F19. 3. 

5p1ne15 are 9enera11y un20ned and w1th0ut ap- 
prec1a61e c0mp051t10na1 d1fference5 am0n9 9ra1n5 
w1th1n each 5amp1e. 7he C r / ( C r  + A1) rat10 5h0w5 

7 A 8 L E  2 

5pec1men N0.: 1 2 5 7 8 9 
5amp1e: PY3091 PY3092 PY3101 5A23 CC29 CC37 

710~ 0.13 0.03 0.08 0.11 0.11 0,15 
A120a 16.26 40.61 35.10 53.56 47.01 58,59 
Fe0  t 15.85 13.49 13.83 11.40 10.59 10,74 
M n 0  0.35 0.15 0.16 0.12 0.13 0,11 

M90  14,15 17.90 16.67 19.98 19.64 20,84 
Cr20 ) 52.32 27.54 34.32 15.26 23.35 9.82 

5UM 99.06 99.72 100.16 100.07 100.87 100.35 

71 0.0031 0.0006 0.0017 0.0022 0.0022 0.0029 
A1 0.6094 1.3429 1.1871 1.6607 1.4852 1.7736 
Fe ~" 0.0881 0.0608 0.0400 0.0237 0.0223 0.0240 
Fe 2 + 0.3334 0.2557 0.2917 0,2192 0.2151 0.2067 
Mn 0.0094 0.0036 0.0039 0,0027 0.0030 0.0024 
M9 0.6704 0.7483 0.7127 0,7831 0.7844 0.7975 
Cr 1.3150 0.6107 0.7783 0,3173 0.4947 0.1993 

Repre5entat1ve m1cr0pr06e ana1y5e5 0f 5p1ne15. Cat10n5 0n the 6a515 0f 4 0xy9en5. Fe 3 ~ ca1cu1ated a5 1n 7a61e 1 
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1~19. 2. C0mp051t10na1 var1at10n 0f the 0rth0pyr0xene (Cat10n5 0n the 6a515 0f 6 0Xy9en5) v5. the m90p x (M9/(Fe 2+ + Fe 3+ ) rat10 1n 
0rth0pyr0Xene. 0pen  C1rC1e5 = PY-5u1te; 61aCk d0t5 = Ne ma1n-5U1te (5amp1e5 w1th c0ar5e-9ra1ned and ta6U1ar texture5); 61aCk 54uare5 
and tr1an91e5 = NE 5heared-5U1te (5amp1e5 w1th p0rphyr0C1a5t1C m05a1C and 1ntermed1ate texture5, re5pect1ve1y). Num6er5 C0rre5p0nd 
t0 5peC1men num6er5 1n 7a61e 3. 

a 1ar9e var1at10n ran9e (0.10-0.77) and c0rre1ate5 
ne9at1ve1y w1th the M9/(M9 + Fe 2 +) rat10, wh1ch, 
h0wever, 5h0w5 1e55 var1at10n (0.58-0.80). 7he 
Cr/(Cr + A1) rat10 0f the 5p1ne15 1ncrea5e5 w1th 
m 9 0 p  x (F19. 4) 6ut the n0du1e5 r1che5t 1n 61e65 

(PY3091, PY3093, PY3101) and th05e 6e10n91n9 
t0 the NE 5heared-5u1te, 60th character12ed 6y 
Cr-r1ch 5p1ne15, dev1ate 519n1f1cant1y fr0m the ma1n 
p051t1ve pattern. 
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F19. 3. C0mp051t10na1 var1at10n 0f the c11n0pyr0xene (cat10n5 0n the 6a515 0f 6 0xy9en5) v5. the m90p x. 
c11n0pyr0xene c0mp051t10n5 after the add1t10n 0f 1.5% ex501ved 5p1ne1. 0ther 5ym6015 a5 1n F19. 2. 

3.2. 8u1k  chem15try 

N1ne wh01e-r0ck ana1y5e5 0f 5e1ected 5amp1e5 
w1th a d1ameter 1ar9er than 7 cm and n0 1ava 
1nf11trat10n have 6een carr1ed 0ut  6y X R F  meth- 

0d5. F0r  the 1ar9e5t-d1ameter xen011th5 (PY3091, 
PY3095, CC37: d1am. 12 cm), up t0 4 a114u0t5 
fr0m d1fferent p0rt10n5 0f each 5amp1e have 6een 
taken f0r rep11cate ana1y5e5 1n 0rder  t0 te5t the 
c0mp051t10na1 h0m09ene1ty. 7he  61e6 fr0m 5amp1e 
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Cr1Cr +A1 (5P) 
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F19.4. Cr/ (Cr  + A1) rat10 0f 5p1ne15 v5. the m9,,p~ fr0m PY-5u1te 
(5ma11 0pen c1rc1e5), NE ma1n-5u1te (5ma11 61ack d0t5) and NE 
5heared-5u1te (61ack 54uare5 and tr1an91e5). Num6er5 a5 1n F19. 
2.5p1ne15 fr0m 50me hydr0u5 pha5e 0r 61e6-6ear1n9 (1ar9e 0pen 
c1rc1e5) and anhydr0u5 0r 61e6-free (1ar9e 61ack d0t5) mant1e 
per1d0t1te5 are p10tted f0r c0mpar150n (5ee d15cu5510n). F 
a1p1ne per1d0t1te fr0m F1ner0 (unpu6115hed data): 8 a1p1ne 
per1d0t1te fr0m 8a1mucc1a [23] and 8a1d155er0 [24]: A = 
1nc1u510n5 fr0m 8u11enmerr1 [25]: D = 1nc1u510n5 fr0m Dre15er 
We1her [7]. 

PY3091 wa5 hand p1cked. 7he mean va1ue5 f0r 
maj0r and trace e1ement5 are 91ven 1n 7a61e 3 .7he  
5tandard dev1at10n 15 rep0rted where c0n51dered 
mean1n9fu1. Data 06ta1ned fr0m 50me 1nterna- 
t10na1 5tandard5 are a150 rep0rted f0r c0mpar150n. 

0 n  the 6a515 0f M9/51 and A1/51 rat105, the 
5e1ected n0du1e5 f1t the 9e0chem1ca1 fract10nat10n 
11ne drawn after Ja90ut2 et a1. [9] (F19. 5) and 
0ut11ne a dep1et10n 5e4uence ran91n9 fr0m rather 
pr1m1t1ve (CC37) t0 5tr0n91y dep1eted (PY3092) 

M9/51 
1.5 

2 • 1 0 7  

8 4 6 

Pyr011te  

, 
A1/51 

.01 .05 .10 
1 1 J 1 1 1 J 1 1 1 L 1 1 

F19. 5. M9/51 rat10 v5. A1/51 rat10 0f the 5e1ected n0du1e5 
(0pen c1rc1e5 = PY-5u1te; 61ack d 0 t 5 -  NE ma1n-5u1te; num6er5 
a5 1n F19. 2). 7he fract10nat10n 11ne and pyr011te c0mp051t10n 
are rep0rted fr0m Ja90ut2 et a1. [9]. 

mant1e mater1a1 re1at1ve t0 the pyr011te c0mp051- 
t10n. 

A5 apparent fr0m 7a61e 3, a11 ana1y5ed n0du1e5 
are K 20-enr1ched re1at1ve t0 e5t1mate5 0f pr1m1t1ve 
mant1e c0mp051t10n5 (K 20 = 0.017 1n 5amp1e 5C1 
fr0m [9]; 0.028 [10]; 0.030 [11]). M0re0ver, the PY 
5amp1e5 (except PY3092, wh1ch 15 the 0n1y 5amp1e 
0f the PY-5u1te free 0f 61e65 0r 1nter5t1t1a1 91a55y 
patche5) are an0ma10u51y enr1ched 1n K20 and 
P205 (perhap5 a150 1n Na20  ) even re1at1ve t0 50me 
6e11eved meta50mat1c mant1e per1d0t1te5 (e.9. 
N a 2 0  = 0.23, K 2 0  = 0.10, P205 = 0 . 0 4  1n 5amp1e 
PA10 fr0m 5. Car105 [12]; K20  = 0.128 1n 5amp1e 
10051 fr0m Nun1vak [13]). H19h K20 a6undance5, 
51m11ar t0 th05e f0und 1n PY 5amp1e5, are 0n1y 
rep0rted 1n 50me 9arnet-per1d0t1te xen011th5 (e.9. 
K 2 0  = 0.55 [14]). 

N0ta61y, the PY 5amp1e5 (except PY3092) are 
d15t1nct1ve f0r the1r very h19h a6undance5 0f 1n- 
c0mpat161e e1ement5, wh1ch 5tr0n91y c0rre1ate w1th 
the1r re5pect1ve c0ntent5 0f K20 (cf. 7a61e 3). 

4. D15cu5510n 

4.1 Me1t1n9 e[fect5 0n the xen011th p0pu1at10n 

7he c0mp051t10na1 var1at10n5 1n 6u1k chem15try 
are acc0mpan1ed 6y c0n515tent var1at10n5 1n 
m1nera1 chem15try. W1th re5pect t0 m90p x 1ncrea5e, 
6u1k c0ncentrat10n5 0f 7102, A1203, Ca0, F e0  t 
decrea5e and the wh01e r0ck c0mp051t10n5 6ec0me 
r1cher 1n M90 and N1 (cf. 7a61e 3). C0rre5p0nd- 
1n91y, the pyr0xene5 5h0w a dep1et10n pattern 1n 
71, A1 t, Fet, Na and an enr1chment 1n Ca (0n1y f0r 
c11n0pyr0xene5), M9 and 51 (cf. F195. 2, 3). C0n- 
515tent1y, the c0ex15t1n9 011v1ne5 and 5p1ne15 5h0w 
m0re M9- and Cr-r1ch c0mp051t10n5 re5pect1ve1y 
(cf. F19. 4). 

7he a60ve c0rre1at10n5 065erved w1th1n the NE 
ma1n-5u1te and the PY-5u1te appear t0 6e c0mpat1- 
61e w1th effect5 cau5ed 6y pr09re551ve part1a1 me1t- 
1n9 pr0ce55 1n the 5p1ne1 per1d0t1te fac1e5. 

"4.2. E~1dence 0f meta50mat1c event5 and 0r191n 0f 
the 61e65 

A11 61e6-6ear1n9 xen011th5 are an0ma10u51y r1ch 
1n K and 1nc0mpat161e e1ement5 and 6e10n9 t0 the 
PY-5u1te. 

1n 7a61e 4 the K / 8 a ,  K / R 6  and 8a /5r  rat105 



0f xen011th5, the ana1y5ed 61e6 and the h05t 1ava5 
are 115ted. 7he rat105 1n xen011th5 and the 61e6 are 
n0ta61y d1fferent fr0m th05e 1n the re5pect1ve h05t 
1ava5. 1n add1t10n t0 petr09raph1c 065ervat10n5, 
th15 fact exc1ude5 the p05516111ty that the h19h 
a6undance5 0f 1nc0mpat161e e1ement5 re5u1t fr0m 
h05t 1ava c0ntam1nat10n. 1n the 5ame ta61e, rat105 
re1at1ve t0 mant1e-der1ved hydr0u5 pha5e5 [15] are 
a150 rep0rted f0r c0mpar150n. 7he c105e 51m11ar1ty 
0f the5e rat105 t0 th05e 0f PY 5amp1e5 5u99e5t5 
that amph1601e and ph1090p1te were pre5ent 1n the 
PY 1nc1u510n5 at 50me t1me. A ma55-6a1ance ca1cu- 
1at10n ha5 6een made 1n 0rder t0 06ta1n the m1ner- 
a1091ca1 c0mp051t10n 0f the 61e6 (cf. 5tep 1 1n 
capt10n 0f 7a61e 5). 7he 06ta1ned amph1601e/ 
ph1090p1te rat10 var1e5 fr0m 0.8 t0 1.1 depend1n9 
0n the c0mp051t10n 0f the hydr0u5 pha5e5 u5ed 
([16,17], re5pect1ve1y). 0 n  th15 6a515, the pre5ence 
0f 0n1y 0ne hydr0u5 pha5e 15 1ncapa61e 0f acc0unt- 
1n9 f0r the 61e6 c0mp051t10n. 7h15 fact 15 apparent 
fr0m the h19h c0ntent5 0f 60th Na20  and K 2 0  1n 
7a61e 3. 7he pre5ent a65ence 0f hydr0u5 pha5e5 
d0e5 n0t 1nva11date the a60ve c0nc1u510n: 1f the 
xen011th5 were 5amp1ed at a re1at1ve1y h19h temper- 
ature, the 1ar9e decrea5e 1n P10ad re1at1n9 t0 the 
rap1d ma9ma r15e, c0u1d have pr0duced c0mp1ete 
me1t1n9 0f any hydr0u5 pha5e5 pre5ent. 

1nc0mpat161e e1ement a6undance5 1n the 
5e1ected xen011th5 and the 61e6, n0rma112ed t0 
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1nc0mpat161e e1ement a6undance5 1n pr1m1t1ve 
mant1e [11], are 5h0wn 1n F19. 6. F0r c0mpar150n, 
tw0 ph1090p1te and amph1601e-6ear1n9 xen011th5 
fr0m Nun1vak [13] are a150 rep0rted. Qu1te d1ffer- 
ent a6undance pattern5 are exh161ted 6y the PY 
and NE ( + PY3092) 5amp1e5. 

7he PY 5amp1e5 have K c0ntent5 10-20 t1me5 
9reater than pr1m1t1ve mant1e and are 5tr0n91y 
enr1ched 1n 1nc0mpat161e e1ement5 re1at1ve t0 
Nun1vak 1nc1u510n5.7hey are a150 character12ed 6y 
10w 8 a / K  rat105 and h19h 5r c0ntent5 re1at1ve t0 
the NE n0du1e5, a fact wh1ch m19ht ref1ect a 1ar9er 
m0da1 a6undance 0f amph1601e c0mpared w1th 
ph1090p1te. A5 f0r the h19h Ce and P205 (5ee 7a61e 
3) c0ntent5 1n 5amp1e5 PY3091 and PY3093, they 
5h0u1d 6e attr16uted t0 the 0ccurrence 0f pre-ex15t- 
1n9 apat1te. 

0 n  the 6a515 0f the a60ve data and c0mpar1- 
50n5, the PY n0du1e5 are c0n51dered t0 6e re51dua1 
mant1e mater1a1 wh1ch ha5 5uffered a meta50mat1c 
event 1n very 1ar9e, 6ut var1a61e, de9ree5. 1t 15 
rea50na61e t0 5upp05e that the meta50mat1c event 
0ccurred after the ma1n me1t1n9 and dep1et10n 
pr0ce55 (e.9., c0mp0nent 8 after Frey and 6reen  
[16]); h0wever, the p05516111ty that meta50mat15m 
wa5 a150 act1ve 6ef0re and dur1n9 the me1t1n9 5ta9e 
cann0t 6e exc1uded. 7he meta50mat1c event 15 
6e11eved t0 have pr0duced the hydr0u5 per1d0t1t1c 
a55em61a9e thr0u9h the 9r0wth 0f amph1601e and 

7 A 8 L E  4 

K / 8 a ,  K / R 6  and 8 a / 5 r  rat105 1n 
rep0rted f0r c0mpar150n 

xen011th5, 61e6 and h05t 1ava5. Rat105 f0r mant1e-der1ved amph1601e and ph1090p1te [15] are 

5pec1men 5amp1e 
N0. 

K / 8 a  K / R 6  8 a / 5 r  

n0du1e 1ava n0du1e 1ava n0du1e 1ava 

1 PY3091 75 
2 PY3092 16 

3 PY3093 77 
4 PY3095 74 
5 PY3101 94 

6 PY3103 85 
7 5A23 24 
8 CC29 28 

9 CC37 18 
10 61e6 53 

Amph1601e 67 
Ph1090p1te 51 

14 

13 

20 

22 

408 0.37 
415 1.73 

215 
346 0.50 

1107 0.88 
297 0.83 

245 
405 1.36 
581 218 1.85 
221 0.65 

220 
830 1.67 
496 0.56 

1558 0.73 
286 78 

0.98 

0.94 

0.90 

0.99 
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R6 8a K La Ce 5r 
F19. 6. 7race e1ement a6undance5 1n the xen011th5 (5ym6015 a5 
1n F19. 5, num6er5 a5 1n F19. 2) and 61e6 (0pen tr1an91e) 
n0rma112ed t0 trace dement  a6undance5 1n pr1m1t1ve mant1e 
pr0p05ed 6y W00d et a1. [11]. F0r c0mpar150n, a150 5h0wn are 
the pattern5 0f amph1601e and ph1090p1te-6ear1n9 1nc1u510n5 
(5amp1e5 10051, 10075; 0pen 54uare5) fr0m Nun1vak [13]. 

ph1090p1te cry5ta15. 0w1n9 t0 the 1nc0rp0rat10n 0f 
xen011th5 1n a rap1d1y a5cend1n9 ma9ma, the5e 
hydr0u5 pha5e5 5h0u1d repre5ent 1mp0rtant 10c1 0f 
10ca1 1nc0n9ruent me1t1n9 dur1n9 dec0mpre5510n, 
re5u1t1n9 1n the deve10pment 0f 61e65. 

C0ncern1n9 the PY-5u1te, the hyp0the515 that 
the 61e65 are der1ved fr0m the me1t1n9 0f hydr0u5 
pha5e5 15 further 5upp0rted 6y the1r textura1 p051- 
t10n5. 1n PY n0du1e5 the 61e65 a1way5 enc105e 
ame601da1 re11ct 5p1ne15 (F19. 1a). 1n many hy- 
dr0u5 pha5e-6ear1n9 per1d0t1t1c 1nc1u510n5, amph1- 
601e and/0r ph1090p1te 9enera11y enve10pe 5tr0n91y 
106ate re11ct 5p1ne15 [17]. 1n the ph1090p1te-6ear1n9 
mant1e per1d0t1te 0f F1ner0 (1vrea-Ver6an0 8a51c 
C0mp1ex), wh1ch 15 c0n51dered t0 6e a meta50ma- 
t12ed mant1e 511ce [18,19], amph1601e 9enera11y em- 
6ay5 a Cr-r1ch 5p1ne1. 5uch a textura1 re1at10n5h1p 
can "6e exp1a1ned 6y the f0110w1n9 f1u1d act1v1ty 
c0ntr011ed react10n (a5 pr0p05ed 6y Franc15 [17]): 

0px + cpx + 5p + f1u1d = Cr-amph + Cr-5p (1) 

7he NE (+PY3092) n0du1e5 5h0w K a6un- 
dance5 1.5-3 t1me5 9reater than pr1m1t1ve mant1e, 
and h19her 8 a / K  rat105 than the PY 0ne5. 0n the 
wh01e, the c0ncentrat10n pattern5 0f the tw0 
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meta50mat12ed 1nc1u510n5 fr0m Nun1vak are 1nter- 
med1ate 6etween th05e 0f the NE- and  the PY- 

5u1te5. C0mpar1n9 the5e va1ue5 t0 the K and 8a  
am0unt5 rep0rted 1n many  xen011th5 6e11eved t0 6e 
repre5entat1ve 0f 60th undep1eted and unmeta-  

50mat12ed mant1e [9,13], the a6undance5 0f the5e 
e1ement5 1n the N E  ma1n-5u1te (and 5amp1e 
PY3092) are re1at1ve1y h19h. 7heref0re,  th15 5u1te 
m19ht a150 have 5uffered a meta50mat1c event, 6ut  
1f 50 1t mu5t have 6een much 1e55 1nten5e than that 
affect1n9 the PY-5u1te. 7he  p055161e meta50mat15m 
a150 appear5 t0 have 6een 1e55 1nten5e than that 
5uffered 6y the amph1601e and ph1090p1te-6ear1n9 
1nc1u510n5 fr0m Nun1vak, and apparent1y d1d n0t  
1nv01ve the deve10pment 0f hydr0u5 pha5e5. 51nce 
n0 61e65 0ccur 1n th15 5u1te, 1t can 6e 1nferred that 
1f meta50mat1c event d1d take p1ace 1t re5u1ted 1n 
an 1nter9ranu1ar 0r pe111cu1ar c0mp0nen t  [20,21]. 

A fre4uent1y 065erved feature, 60th 1n 9arnet  
and  5p1ne1 per1d0t1te fac1e5, 15 that the m05t de- 
p1eted 1nc1u510n5 have the h19he5t K and 1nc0m- 
pat161e e1ement a6undance5.  Frey [22] p01nt5 0ut 
that a dec0up11n9 0f 1nc0mpat161e e1ement5 (K, P, 
7h,  U, LREE) and 6u1k Ca0-A1203 a6undance5 15 
f0und  1n a11 per1d0t1te 1nc1u510n5 5tud1ed ]n deta11. 
1n F19. 7, Ce, K 2 0  and P205 a6undance5 are 
p10tted v5. C a 0  and  A1203 6u1k c0ntent5. 7he  N E  
( +  PY3092) 5amp1e5 are character12ed 6y a near1y 
5teady (0r at 1ea5t 5119ht1y 1ncrea51n9) trend. 7he  
PY 5amp1e5 5h0w an apprec1a61e ne9at1ve c0rre1a- 
t10n w1th 1ncrea51n9 C a 0  and a 9enera112ed trend 
w1th 1ncrea51n9 A120 3. W1th1n the PY-5u1te, the 
m05t meta50mat12ed 5amp1e5 (PY3091, PY3093) 
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carry the 10we5t c11n0pyr0xene a6undance5 (7a61e 

5). 

4.3. D1fference 1n pyr0xene and 5p1ne1 chem15try 
6etween the NE rna1n-5u1te and the P Y-5u1te 

7he  PY-5u1te 15 C1ear1y d15t1n9u15ha61e fr0m the 
N E  ma1n-5u1te 6y 1t5 m1nera1 Chem15try. F1r5t, 
60th the 0rth0pyr0xene5 and c11n0pyr0xene5 0f 
the PY-5u1te are CharaCter12ed 6y h19her C0ntent5 
0f 51 and 10wer A1 t (re5u1t1n9 fr0m 10wer c0ntent5 
0f 60th A1 7M and A1 v1) and 71.5ec0nd1y, apprec1a- 
61e 6ut 1e55 marked d1fference5 6etween the5e tw0 
5u1te5 can a150 6e 5een 1n the Ca, M9 (and Na) 
c0ntent5 0f c11n0pyr0xene5 (cf. F195.2, 3). Re1at1ve 
t0 m90p x, 5p1ne15 fr0m the PY-5u1te are r1cher 1n 
Cr than th05e fr0m the NE ma1n-5u1te (cf. F19. 4), 

and  the PY-n0du1e5 9enera11y 5pan a h19her m90p x 

ran9e than the NE n0du1e5. 
1n 0rder t0 exp1a1n the d1fference5 1n m1nera1 

chem15try 6etween the PY- and NE ma1n-5u1te5, 1t 
15 5u99e5ted that tw0 d15t1nct cau5e5 are 1nv01ved: 

(1) Re1at1ve t0 the NE ma1n-5u1te, the PY-5u1te 
0n avera9e repre5ent5 m0re dep1eted mant1e 
mater1a1. 7h15 1nterpretat10n 15 1n a9reement w1th 

the 6r0ad1y h19her m90p X va1ue5 0 f t h e  PY-5u1te 
and  w1th the var1at10n pattern5 1n the m1nera1 
chem15try 0f the tw0 5u1te5 a5 a wh01e. H0wever, 
th15 d0e5 n0t  exp1a1n why the PY-5u1te pyr0xene5 
are r1cher 1n 51 and  p00rer 1n A1 t and 71 than the 
N E  ma1n-5u1te pyr0xene5, and why the 5p1ne15 are 
r1cher 1n Cr than th05e 0f the NE ma1n-5u1te, 1n 

5p1te 0f 1dent1ca1 m90p x. 

7A8LE 5 

Pha5e a6undance5 ca1cu1ated 6y a 1ea5t-54uare pr09ram. F0r the 61e6-6ear1n9 5amp1e5, the ca1cu1at10n ha5 6een made 1n tw0 5tep5: (1) 
61e6 = 0px+ cpx + 5p~- amph+ ph109; (2) wh01e r0ck = 01+ 0px + cpx + 61e6. a = a6undance5 ca1cu1ated u51n9 amph1601e and 
ph1090p1te c0mp051t10n5 fr0m [16]; 6 = a6undance5 ca1cu1ated u51n9 the mean c0mp051t10n5 0f amph1601e5 and ph1090p1te5 fr0m [17] 

5pec1men N0.: 1 2 3 4 5 6 7 8 9 
5amp1e: PY3091 PY3092 PY3093 PY3095 PY3101 PY3103 5A23 CC29  CC37 

a 6 a 6 a 6 a 6 a 6 

01 68.8 69 .3  72.4 78.7 79 .0  65.9 66.1 79.1 79.4 63 .4  63.7 70.1 62.9 53.3 
0px 18.0 18.1 22.5 10.4 10 .4  21 .7  21.7 12.8 12.8 21.1 21.1 21.5 32.1 29.7 
cpx 2.4 2.5 3.9 3.6 3.7 6.3 6.4 1.1 1.2 8.8 8.8 6.6 3.9 14.8 
5p 1.8 1.7 1.2 1.2 1.2 1.0 1.0 1.1 1.1 1.1 1.1 1.8 1.1 2.2 
amph 4.0 4.4 2.7 3.0 2.3 2.5 2.6 2.9 2.5 2.8 - - - 
ph109 5.0 4.0 - 3.4 2.7 2.8 2.3 3.3 3.6 3.1 2.5 - - - 

~;r 2 1.17 a 0.37 0.30 a 0.32 a 0.36 a 0.38 a 0.49 1.20 1.57 

a Refer5 t0 5tep 2. 
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(2) A5 d15cu55ed 1n the prev10u5 5ect10n, the 
c0mp051t10na1 d1fference5 1n the m1nera1 pha5e5 
6etween the PY- and NE-5u1te5 are acc0mpan1ed 
6y a 5harp d1fference 60th 1n de9ree and k1nd 0f 
meta50mat1c effect5. 5uch d1fference5 c0u1d have 
re5u1ted fr0m 5u65011du5 re-e4u1116rat10n w1th the 
hydr0u5 pha5e5, and c0u1d thu5 6e 1nd1rect1y re- 
1ated t0 meta50mat15m. 

1n F195. 8 and 4, the c0mp051t10n5 0f pyr0xene5 
and 5p1ne15 fr0m the PY- and NE ma1n-5u1te5 are 

c0mpared w1th th05e fr0m 0ther per1d0t1te 0ccur- 
rence5 [7,23-26]. Whenever the hydr0u5 pha5e5 (0r 
61e65) 0ccur 1n the per1d0t1t1c a55em61a9e5, f0r 
e4u1va1ent m90p x va1ue5, the pyr0xene5 are r1cher 
1n 51 and p00rer 1n A1 t and 71, and the 5p1ne15 are 
r1cher 1n Cr than th05e fr0m anhydr0u5 (0r 61e6- 
free) per1d0t1t1c a55em61a9e5.7h15 feature 5u99e5t5 
that the 9r0wth 0f amph1601e a n d / 0 r  ph1090p1te 
dur1n9 the meta50mat1c event mu5t affect the py- 
r0xene and 5p1ne1 chem15try t0 50me extent, a5 
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a150 5u99e5ted 6y 6r1ff1n et a1. [25], acc0rd1n9 t0 
the f1u1d-c0ntr011ed react10n (e4uat10n (1)). 51nce 

/ (  A1t/51 k•" F e t / M 9  the -~damph/px 15 n0ta61y 1ar9er than the --damph/px 
[16,17,25], the 9r0wth 0f amph1601e dur1n9 the 
meta50mat1c event 15 expected t0 1nduce an appre- 
c1a61e decrea5e 1n the A1J51 rat10 0f pyr0xene5, 
w1th0ut 5u65tant1a11y affect1n9 the1r Fe t /M9 rat10. 

1f, 0n 0ne hand, th15 a1ternat1ve 1nterpretat10n 
exp1a1n5 the d1fferent m1nera1 trend5 0f the PY- 
and NE ma1n-5u1te5 re1at1ve t0 m90px, 1t d0e5 n0t 
exp1a1n 0n the 0ther hand why the PY-5u1te ha5 
h19her va1ue5 0f m90p × than the NE ma1n-5u1te. 1t 
can, h0wever, 6e 5u99e5ted that a m0re advanced 
dep1et10n 0f the PY-5u1te w1th re5pect t0 the NE 
ma1n-5u1te ha5 6een 0verpr1nted 6y a re-e4u1116ra- 
t10n 0f 1t5 m1nera1 pha5e5 w1th hydr0u5 pha5e5. 

1n the var1at10n d1a9ram5 0f pyr0xene5 and 
5p1ne15 the NE 5heared-5u1te dev1ate5 519n1f1cant1y 
fr0m the trend5 0ut11ned 6y the n0du1e5 0f the 
0ther tw0 5u1te5. 1t can 6e 5een that: (a) the 
0rth0pyr0xene5 (cf. F19. 2) d15p1ay the h19he5t 
c0ntent5 0f Ca and Cr, and 10we5t 0f M9; (6) the 
c11n0pyr0xene5 (cf. F19. 3) exh161t the h19he5t c0n- 
tent5 0f Fe~, M9, Cr, and the 10we5t 0f Ca; (c) 
5p1ne15 are r1cher 1n Cr than th05e f r0m the NE- 
ma1n 5u1te (cf. F19. 4). 

A c0m61nat10n 0f 51m11ar character15t1c5 1n py- 
r0xene chem15try acc0mpany1n9 def0rmat10n-re- 
cry5ta1112at10n texture5, ha5 6een 065erved 1n 
9arnet-per1d0t1te xen011th5 fr0m k1m6er11te5 [27, 
28]. H0wever, the NE 5heared-5u1te 15 at pre5ent 
t00 p00r1y repre5ented t0 make any 1nference5 
a60ut 5uch a re1at10n5h1p. 

4.4. 5u1fur d15tr16ut10n 

7he 1nterpretat10n 0f the 5u1fur data 15 c0n- 
5tra1ned 6y the 5ma11 512e 0f the xen011th5 and 6y 
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1nh0m09ene0u5 d15tr16ut10n 0f the 5u1f1de5. Never- 
the1e55, the 5u1fur c0ntent 5h0w5 a rather c1ear 
ne9at1ve c0rre1at10n w1th the var1at10n 1ndex m90p  x 

(F19. 9a), 5u99e5t1n9 a d1rect re1at10n5h1p 6etween 
5u1fur a6undance5 and the re51dua11ty 0f the n0d- 
u1e5 (1n a9reement w1th 6arut1 et a1. [29]). 7he NE 
and PY 5amp1e5 0ut11ne the 5ame var1at10n pattern 
(F19. 9a), 6ut n0 c1ear c0rre1at10n 15 f0und 6etween 
5 c0ntent and 6u1k K 2 0  (F19. 96). 7hu5 the 5u1fur 
c0ntent appear5 t0 6e unre1ated t0 the ma1n 
meta50mat1c event 5uffered 6y the tw0 5u1te5. 
H0wever, 5 15 9enera11y neverthe1e55 6e11eved t0 6e 
meta50mat1c 1n 0r191n [30,31] 0r t0 6e der1ved fr0m 
the 1nject10n 0f an 1mm15c161e 5u1f1de me1t [32]. 1f 
a meta50mat1c event wa5 1n fact re5p0n5161e f0r the 
5 c0ntent5 1n the 5e1ected 1nc1u510n5, 1t mu5t have 
6een added pr10r t0 me1t1n9. 

5. C0nc1u510n5 

(1) C0ar5e-9ra1ned per1d0t1te 1nc1u510n5 fr0m 
Para9uay (PY-5u1te) are character12ed 6y 0ccur- 
rence 0f 61e65, 6e11eved t0 repre5ent the 6reak- 
d0wn pr0duct5 0f pre-ex15t1n9 hydr0u5 pha5e5 
(amph1601e and ph1090p1te). C0ar5e-9ra1ned and 
ta6u1ar per1d0t1te 1nc1u510n5 fr0m n0rthea5tern 
8ra211 (NE ma1n-5u1te) 1n c0ntra5t d0 n0t carry 
61e65. 

(2) 6 r0wth  0f the hydr0u5 pha5e5 15 c0n51dered 
t0 6e re1ated t0 a meta50mat1c event that 5tr0n91y 
affected the PY-5u1te and pr0duced a marked en- 
r1chment 1n 1nc0mpat161e e1ement5 (K, Na, P, 8a, 
Ce, R6, 5r, 2r, Y). 0 n  the 0ther hand, the NE 
ma1n-5u1te 15 marked1y d1fferent and may 6e c0n- 
51dered 11tt1e 1f at a11 meta50mat12ed. 

(3) C0mp051t10n5 0f pyr0xene5 and 5p1ne15 fr0m 
the tw0 5u1te5 5h0w d1fferent var1at10n t rend5.7he 
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d1fference5 are  a5cr16ed t0 the  c0m 61na t 10n  0f  tw0  

effect5:  (a)  a m 0 r e  dep1e ted  c h a r a c t e r ,  0 n  the  aver -  

a9e, 0f  the  PY-5u1te w1th re5pec t  t0 the  N E  ma1n-  

5u1te; (6)  a re-e4u1116rat10n 0f  the  m1nera15 0f  the  

PY-5u1te w1th h y d r 0 u 5  pha5e5.  

(4) W1th1n the  PY-5u1te, a p051t1ve c0rre1at10n 

5eem5 t0 ex15t 6 e t w e e n  the  d e 9 r e e  0f  dep1et10n a n d  

me ta50mat15m.  5 u c h  a f e a t u r e  ha5 6 e e n  a1ready 

0 6 5 e r v e d  1n n0du1e  5u1te5 f r 0 m  5evera1 d1f fe ren t  

10ca11t1e5 [22]. 

1n 5 u m m a r y ,  tw0  9enera112ed 065erva t10n5 can  

6e m a d e :  

(1) 0 n  a re910na1 5ca1e, t he re  15 a 519n1f1cant 

mant1e  he te r09ene1 ty :  a11 PY n0du1e5 d15p1ay var1- 

a61e 6ut ,  0 n  the  avera9e ,  519n1f1cant m e t a50m a t 1c  

e n r 1 c h m e n t  1n 1nc0mpat161e e1ement5.  7h15 f ea t u r e  

c1ear1y d15t1n9u15he5 the  tw0  5u1te5. 

(2) 0 n  a 10ca1 5ca1e the re  15 a 11m1ted, 6u t  

apprec1a61e,  mant1e  he te r09ene1 ty .  7h15 he t e r 0 -  

9ene1ty 15 te5t1f1ed 6y  the  c0ex15tence 0f  n0du1e5 

w1th d1fferent  dep1et10n a n d  me ta50mat12a t10n  de-  

9 ree  f r 0 m  the  5ame  0 c c u r r e n c e .  7 h e  1atter t ype  0f  

he t e r09ene1 ty  15 c 0 m m 0 n  1n 6 0 t h  per1d0t1t1c 1nc1u- 

510n5 a n d  a1p1ne per10d1te5 [23,33]. 
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u n k n 0 w n  rev1ewer.  7 h e  a u t h 0 r 5  a re  1nde6 t ed  t0 

Pr0f .  A .N .  51a1, Dr .  C.J.  A r c h a n j 0  a n d  6e01 .  L,A.  
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