
Record 1991/23 



Second Hutton Symposium on Granites and Related Rocks 

Canberqt 1991 

Excursion Guide 

Plutonic, volcanic and metamorphic rocks of the 

New England Batholith 

29 September - 4 October 1991 

by 

R.H. Rood, S.E. Shaw & T.R. Farrell 

Bureau of Mineral Resources, Geology and Geophysics 

Record 1991/23 



© Commonwealth of Australia, 1990 

This work is copyright. Apart from any fair dealing for the purposes of 
study, research, criticism or review, as permitted under the Copyright 
Act, no part may be reproduced by any process without written permission. 
Inquiries should be directedto the Principal Information Officer, Bureau 
of Mineral Resources, Geology and Geophysics, GPO Box 378, Canberra, 
ACT 2601. 

ISSH H811--662 X 

ISBH B 642 16651 X 



HUTTON CONFERENCE 1991 

NEW ENGLAND BATHOLITH EXCURSION 

R.H. FLOOD, S.L SHAW AND T. FARRELL 

SUNDAY TRAVEL FROM CANBERRA TO BENDEMEER 

MONDAY 

Stops. 
1-1 Western margin of the Bendemeer pluton where H is most 
mafic. 
1-2 Eastern con tact of the Bendemeer pluton w here it is most 
felsic. 
1-3 Contact metamorphic rocks between the Bendemeer and 
Walche Road plutons. 
1-4 Typical porphyrit ic Walcha Road Adamellite 0.5 km wes t of 
Cong i Creek. 
1-5 Eastern contact of the pluton at Surveyors Creek. 
1-6 Pyroxene phenocryst locality. 
1-7 Enclave-rich locality on the Macdonald River (F57) 
1-8 Railway crossing. Oxley Higway just east of Wool brook 
1-9 Congi Creek leucocrat i c central zone 3 km east of Congi 
Creek. 
1-10 Enclave-rich margin at Rimbanda Station. 
1-11 Looanga pluton and Hs enclaves .. road cut. New England 
Highway. 

THE WALCHA ROAD PLUTON - A ZONED I REST ITE -POOR PLUTON 
The important inferences from a study of this pluton include: (a) 
Sidewall crystallisation and variation in water activity have' 
produced the compositional and microstructural zonation: (b) 
Euhedral pyroxene megacrysts present in the marginal facies of 
the pluton exhibit oscillatorty zoning and are of igneous origin: 
(c) Reaction of these pyroxenes with the magma produce some and 
perhaps all of the mafic clots that are inferred by some authors 
to be resUte: (d) In several localities around the pluton are 
small monzodi orite stocks that are so fine-grained that they can 
hide llttle rest ite and as such indi cate the presence of 
intermediate K-rich restlte-poor magmas: (d) The inferred 
subsurface shape of the pluton indicates that the outer more­
mafic zones of the pluton account for a much larger volume­
proportion of the pluton than the leucocratic central zones: (e) 
The enclaves vary from porphyriti c-microgranodiorites, not 
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Structural data for the Walcha Road pluton. Foliation 
measurements obtained by measuring the orientation of the long 
axes of 200 K-feldspar phenocrysts. A sample of only ten or 
twenty micro granitoid enclaves gives similar results. 
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significantly different from the pluton, to hornblende syenite 
compositions. Some K-feldspar in the syenites coul d be the result 
of reaction of the enclave with the magma but most of the K­
feldspar forms large poikllit ic grains that include the other 
minerals of the enclave in the same way that Quartz grains do in 
many of the more sl1ica-rich enclaves in this and other plutons. 
To explain the origin of these encla~es by the pressure-Quench 
model would require that they formed from a range of magma 
compositions from monzonite to adamellite: (0 Chemical data 
from the pluton show a silica gap bet ween 64 and 67 percent. We 
suggest the gap separates "cumulate" margi nal rocks from rocks 
that more closely represent the magma from which they 
crystallized: (g) The microgranltoid enclaves (MGE) occur 
mostly in rocks slightly more silica-rich than the "silica gap". 

The Walcha Road pluton has a 3 km wide aureole of hornfelses 
above the biotite isograd. The aureole along the eastern contact 
has been mapped by Teale (1974) and his zonation is shown in 
Fi gs 1 and 2. Teale noted that the hi ghest grade contact rocks are 
schists some of which have a fine metamorphic compOSitional 
layering. He also observed that the metamorphic foliation 
deflects around the cordierite porphyroblasts in a way that 
implies a degree of contact-normal shortening after:.9rowth of 
cordi e rite. 

The Wa lcha Road pl uton of southern New England is 40 km long, 20 
km wide and ellipt ical in out 11ne. BotHe/bulk rock ages for the 
pluton and small Quartz monzodiorite stocks along the southern 
and western margin give Late Permian ages of approximately 247 
Ma and initial B7Sr/B6Sr ratiOS of 0.7046. 

A fol lation defined by the preferred orientat ion of the major eixes 
of both feldspar and, where present, microgranitoid enclaves is 
generally margi n paralle 1 (Fig 3). Around t he southern margin of 
the pluton, dips are steeply inward suggesting a cone shape for 
that part of the pluton. A lineation present in samples near the 
margi n is conSistently down-dip. Modal, chemical and 
microstructural variations within the pluton define a concentric 
zoning pattern (Fig 4). The pluton is zoned from a marginal 
Quartz monzonite (colour index = 35) with hornblende in excess of 
biotite, to a hornblende-free biotite-adamellite (colour index = 6) 
in the centre. The discontinuous marginal Quartz-monzonite, 
which contains white K-feldspar, is even-grained and grades over 
a few tens of metres into a porphyritic mafic adamellite in which 
the K -f e 1 dspar meg acrysts are pi nk an d up to 10 mm in 1 ength and 
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A Chemical variation of Walcha Road pluton along section A - B B 
FS801 fS803 FS849 FS848 FS809 FS840 FS810 FS811 FS815 FS816 FS822 FS824 FS825 FS833 FS828 

SI02 67.5169.1868.3669.7869.2969.7871.3771.4571.2370.72 69.36 68.02 66.97 63.7163.76 
TI02 0.56 0.50 0.49 0.37 0.45 0.38 0.29 0.29 0.31 0.39 0.39 0.51 0.56 0.69 0.78 
AI203 14.9314.1814.1814.0014.6514.2414.3914.6514.42 14.46 14.45 14.66 14.8714.6614.50 
Fe203 1.09 1.09 1.22 0.98 0.98 0.72 0.58 0.80 0.78 1.10 1.07 1.38 1.42 1.65 1.25 
FeO 2. 1 8 1. 9 0 . 1. 7 0 1 . 26 1. 6 9 1. 5 2 1 .25 1 .28 1. 1 3 1 .26 1. 25 1 . 59 1. 87 2.52 3.29 
MnO 0.08 0.07 0.07 0.06 0.07 0.06 0.05 0.05 0.05 0.06 0.06 0.07 0.08 0.09 0.09 
MgO 2.03 1.74 2.09 1.49 1.68 1.45 0.79 0.78 0.85 1.28 1.42 1.82 2.10 3.20 3.46 
CaO 3.22 2.99 2.94 2.49 2.86 2.28 2. 3 5 2. 33 2.35 2.70 2.84 2.98 3.21 3.93 3.98 
Na20 3.56 3.59 3.70 3.59 3.55 3.64 3.85 4.01 3.81 4.14 3.86 3.65 3.66 3.38 3.38 
K20 4.27 3.94 3.92 4.12 4.42 4.51 3.80 3.45 4.00 3.64 3.78 4.28 4.04 4.48 4.31 
P205 0.230.200.17 O.lt 0.19 0.12 0.05 0.07 0.08 0.12 0.12 0.16 0.20 0.31 0.35 
H20+ 0.87 0.82 0.90 1.00 0.72 0.66 0.65 0.87 0.78 0.59 0.80 0.77 0.61 0.74 0.71 
H20- 0.06 0.07 0.13 - 0.11 0.09 0.10 0.16 0.04 0.05 0.00 0.06 0.04 0.02 0.07 0.00 
C02 0.03 0.03 0.00 0.00 0.04 0.07 0.09 0.12 0.04 0.27 0.05 0.02 -0.06 0.11 0.09 
TOTAL 100.62100.30 99.87 99.36100.68 99.53 99.67100.19 99.88100.73 99.51 99.95 99.67 99.54 99.95 

Sa 
Cr 
Cu 
Ga 
Nb 
NI 
Pb 
Rb 

'\!", Sr 

Th 
U 
V 
Y 
Zn 
Zr 

720 
68 
1 6 
20 
1 4 

17 
32 

191 
476 

36 
7 

73 
20 
52 

163 

500 556 
54 50 
116 
19 19 
21 0 
1 5 1 2 
34 28 

223 210 
397 408 

35 3.2 
13 10 
60 60 
20 16 
46 47 

157 138 

486 
36 

5 
1 9 
o 

1 3 

3 1 
205 
360 

29 
12 

44 
1 3 
36 

109 

594 647 
42 33 
12 1 7 
19 20 

8 9 
1 1 1 1 

32 35 
1.95 225 
403 374 

35 32 
10 1 3 
51 44 
18 1 5 

43 39 
136 116 

619 
1 0 

6 
1 7 
1 2 

6 
23 

167 
400 

30 
1 3 

23 
1 6 
36 

124 

Teb'e 

537 
7 
3 

21 
7 

6 
23 

158 
417 

24 
1 3 
23 
17 
35 

116 

649 
1 1 

6 
18 

7 
8 

29 
188 
373 

31 
8 

27 
18 
38 

135 

487 
27 
, 1 

18 
1 1 
1 2 

29 
180 
409 

29 
9 

40 
16 
44 

119 

539 792 713 1123 1144 
35 48 62 98 124 

5 8 11 18 15 
19 21 20 21 21 
10 9 17 8 5 
11 16 17 22 29 
28 28 29 36 33 

180 195 207 195 200 
416 442 442 624 618 

27 28 36 44 34 
8 10 10 9 9 

46 59 71 89 111 

16 17 19 25 24 
40 47 53 58 65 

120 141 158 211 212 



Chemical variation of associated monzodiorite stock Chemical variation of enclaves 

MG2 MG14 MG15 MG22 RF6 F58X FS1X FS5X FS6X WR8XA WR1XNEB64X 

SI02 59.37 61.01 61.09 61.53 63.31 5102 56.78 58.60 59.29 63.63 65.12 66.06 66.50 

TI02 1.00 0.91 0.85 0.97 0.88 TI02 0.90 1.07 0.64 0.73 0.72 0.71 0.62 

AI203 15.15 15.81 15.34 14.68 16.43 AI203 13.21 15.20 11.77 14.93 15.39 15.48 15.30 

Fe203 1.29 1.60 1.42 1.41 1.19 Fe203 , 1.85 2.37 2.50 1.40 0.40 1.08 0.80 

FeO 4.93 4.56 4.26 '4.75 4.38 FeO 4.39 3.44 4.85 3.11 3.32 2.69 2.79 

MnO 0.13 0.12 0.10 0.11 0.12 MnO 0.19 0.15 0.22 0.11 0.10 0.08 0.08 

MgO 4.55 2.66 4.32 4.63 3.09 MgO 5.85 3.96 6.43 3.05 2.36 2.51 2.09 

CaO 6.08 5.01 5.72 5.55 5.50 CaO 5.72 4.86 5.59 4.48 4.11 4.10 3.80 

Na20 2.65 3.19 3.00 2.19 2.60 Na20 2.34 3.11 1.96 4.09 4.00 4.21 3.97 

K20 3.80 4.05 3.25 2.89 3.01 K20 7.02 6.10 5.86 3.53 3.17 3.11 2.79 

P205 0.34 0.42 0.29 1. 31 0.23 P205 0.37 0.37 0.20 0.30 0.18 0.31 0.25 

H20+ 0.25 0.39 0.49 0.61 0.25 H20+ 0.54 1.28 0.54 0.47 0.17 0.46 0.64 

H20- 0.05 0.21 0.12 0.19 0.05 H20- 0.29 0.11 0.06 0.15 0.14 0.14 0.05 

~ TOTAL 99.59100.00100.25100.82101.04 TOTAL 99.44 100.62 99.91 99.98 99.18 100.94 99.68 

Ba 1053 '1157 825 625 1194 Ba 1078 985 429 508 565 

Ga 1 6 19 18 17 22 Ga 1 5 1 5 20 1 7 1 9 

Pb 30 40 27 25 31 Pb 61 67 42 32 30 

Rb 171 182 262 150 168 Rb 252 247 213 214 200 

Sr 504 513 425 413 433 Sr 335 225 336 410 344 

Th 1 8 21 14 24 1 9 Th 21 12 2 1 1 9 1 9 

U 5 6 4 6 6 U 8 1 1 1 6 6 1 1 

V 26 26 24 22 23 Y 18 21 17 21 1 3 

Zr 242 259 191 232 207 Zr 239 162 236 214 174 

Teble 2 



show strong preferred alignment. This narrow zone grades 
inwards over a few hundred metres 1nto a more leucocratic 
adamellite with pink K-feldspar megacrysts up to 50 mm in 
length. Over a further several kms, the abundance of K-feldspar 
megacrysts reduces to near zero and where most sparse, are 
white in colour. In spite of the marked changes in the K-feldspar 
megacryst abundance, modal K-feldspar (phenocrysts + 
groundmass) changes little from margin to core. Table 1 gives a 
selection of analyses for the Macdonald River traverse marked as 
A-B on Fig 4. and Fig 5 illustrates the modal variation along this 
traverse. 

Small Quartz-monzodiorite stocks along the southern and north­
western margins of the Walcha Road pluton are sufficiently fine­
grained to show that restite-poor magmas of i ntermedia te 
composition were associated with the Wal cha Road pluton. Table 
2 lists chemical data for the Back Creek stock, adjoining the 
pluton to the south, and microgranitoid enclaves of the Walcha 
Road Pl uton. 

Like the microstructurally zoned Tuolumne Meadows pluton of the 
Sierra Nevada Batholith, the zoning within this pluton is 
suggested to result from sidewall crystall isation of. more mafic 
cumulate rocks with the accumulation of the boundary-layer 
residual melt near the roof of the magma chamber. Calculations 
based on pluton shape as deduced from outcrop mapping and K­
feldspar fOliation measurements indicate that the felsic central 
parts of the pluton are volumetrically small compared with the 
more mafic marginal rocks. 

THE LOOANGA PLUTON - HOST TO RARE BUT IMPORTANT 
M I C ROGR AN ITO 10 ENCLA VES. 

Sparse m1 crogranit 01 d enc 1 aves 1 n the L ooanga Ad arne 11 ite near 
Bendemeer, N.S.W. Australia, range from microdiorite to 
microgranite and have f1ne- to medium-grainsize igneous 
microstructures. The enclaves vary from 53 to 69 per cent Si02 and 
are all less silicic than the host adamellite (73 per cent Si02). 
Although composit ionally diverse, the enclaves share several 
mineralogical and chemical features in common wi th the host pluton. 
Both encl~.Yes and pluton contain Quartz, oligoclase, variable K­
feldspar, ferro-edenitic hornblende and iron-rich (Mg/Mg+Fe 0.37) 
biotite. The enclaves have low Sr and high U, Th and MnO/(MnO + MgO 
+ FeD) values simi lar to those of the host pluton although actual MnO 

8 



·s. 

S":d'~~ 
-/ ' ....... 

~:.=/: ,,~ ",.. r 6.0" , 
/~7.5 \ \ 

\ / \ \ s!· 18' 
/ \ , 

8, .9.0 \ '48 
\ \ 

\ '10) 
\ I 
I I 

I ! 
I I 
I I 

'6.3 
I 

8 4.6 6 '55 - !.. • . 1 

011 / -- ":'"3.5 " 
·Jr'3.6 ./9.2 ",..'" '1.7 \\ 

/I " 5~1" 
/ I / ·5.9 .0·4.1 \ 

/ 1 I / ...,..--....... I 
?? /" " I 

. / /",.. .0.7 \ .1.3 I \ 
5/ ~/·c.s '0.1 I / 

! . 1 1 ~ 
/~ /~.5~' I / 

/ / 
1/\ 
I / .7.4 / 

I / / 
/ I I I / 

/ r..-.. / I ·03 I / 
18,8/ '5.5 / 

/ I"V'" \ J I 
~ \ 

/ I \ -C.2 3.1./~4.5 /1 
/ '"'" / ,"" \ ·0.1 

0.4 / 
/ ........ / '"'" \ .005 I / 

/ / ·1.5 . / 
""/ I // 

/ ~ ·2.4 . 94 0.9 / / 

I IF) 
? ? 

,6.0 ·5.1 

Wollun 

7.~ F? / ~~ I ~ '/'/ / 
........... / ~ I 1...... ..../ / / '5.6./ 
~ \ ·1.! / '5.7 ....-

/ ......... ~ \ ~ .; 6 / u.5/ 

,/ """"'........ 5 ,32 '3.0 ",..' .6.0 :y .• 
//·'8.4 "-'\ :"-'?-~ F" .7.2 597~;79 

A 1/;' ~-:-~o '/7~ .4.4' \ 
/ """''/·J.O 'Z~-.t55 .7.2 '6.6 .7.0 1 

60/ I 1·( 0.1...:.... F? \1 
'. ·9.7 . / ",.5.9.4, 
I '8.4 I 77 (ongi I 0.1 " 66/-...( . 

I '9.0 / • 61· ........ ~7- /' . • . 
I '7.2/ '78 7J, 66·Sl~.1 F7 /\ 4.4 ........... ) 

/ .8 I / . .6.9' 5.9 ~2 . \(,.3 '361"",6.2 
I 8 O. 71 5.9 ,65/ \' .0 0.4\', 2.1 " ...... 

8 I' . / \ . ,6 . -" 
/ / F? ,,"'\ \.....0 \ 0.4-':,,'1.8 4;0 \'» 

I 8',/". ~O \ \ 5.4 '9.4 
! • 8. 2 I ;' \ 0 I , \ .......... 

I I 5/ /. ~ I 4.4' \ 8 '8 .......... 
\ I / I \ L' / 5 I \ . 7 6 

/ 1 1/" / 
\ I I ! 06· .04 / I Wc'chc Rood 
\ \ /.1 ~ ;' 4.8.1 / 
\ \ I \ 0.7' // / / / 
\, '" .0.4 .~ 1.2. '27 I>' / / / 

\ 1.5 15....... • -" . / , .. ------------0'.5 / 
\ '\ .2.8 ?9 ~.4 .4.1 ",....-' / 

\ 8.2. \ \ /a Woolbrook /'.7~ / 
\ \ \.4.6 /' . / 

\ • 8~5 " .3 8 ..-' '8.1 / 
'8.3 '8.6" " 5"'" . ,/ / 96 / 
\ ,,'....... /:4 2 .., • / '. /6.6 // 

\ ".............. '2.8 ___ -----' // / "7.3 

\ ,,''--1----- 8/ 4.3~.6.7 /3.88 
" " '6.5 /' 103 /. ~ Y LO '\. ...- .. /5.0/ . 

'\. / / ---- 8 / 
,/ 5/ 

12.0 //'/ // 
--' 

/"',,' 
__ -...J.I_ Fig 4 

Map of the Walcha Road pluton showing the variation in K­
feldspar phenocryst abundance. 

9 

\ 
\ 
I 
I 

3/'00' 



• 
100 K-FELDSPAR 

PHENOCRYSTS 
I K-FELDSPAR 

80 GROUNDMASS 

I 
I QUARTZ 

'#. 60 I 
--1 • 
0 
> • 40 • PLAGIOCLASE 

0 

20 BIOTITE 

HORNBLENDE 
OL-------------~--~~~~L-~----~~·~==----------~ 
A t B 

FAULT 

Fl'g 5 Modal variation across the Walcha Road pluton along line A-B . 

. 
i;'. 



Sf C 
1000 

0 

eoo 
C>O 

" 0 

10 0 
~o~ 

0 0 
00 

0 00 0 
-00 

o ct;J 0
0 

CO 
0 0 

ooco 0 0 cJI 011 0 200 ~ 0 0 0 0 0 
/' 0 0 0 0 

~O 55 10 e~ 10 7~ SIO. 0 

TIO, ~O 55 eo 15 70 75 SIO. e 
0 

0 

0 
0 00 0 '.1,,0 0 

05 
c:frtl 

0 0
0 

OodJ . 
Cillo . 

0 ,0 
~O 55 eo IS 10 75 SlO. 

O~ 

0 o m o""Cb q. 0 0 
0 

SO 55 eo u 10 7~ SlO, 

100MnO E 

F\g 6 MnOoMgO·f.O' FD,O, .' a,: .. 

Harker plot for the I-type Permo-Triassic pluton"s (squares)of the 
t 6 -

0 

Moonbi district ( data from Chappell 1978 ), The solid square is ~ 

the Looanga pluton from which the enclaves ( circles ) were 
0 o 0 

collected. The enclaves show a similar trent on the plots for CaO 0 0 o 0 
0 0 

and Ti02 but are very different on the MnO and Sr plots. The 
0 0 

0 • 
extreme Mno values of the most mafic microgranitoid enclavC?s are ~ " 0 

cPo higher than ? any magma. The plot of lOOMnOI 0 
0 

MI'!0+MgO+FeO+Fe203 shows that the MGE are similar to the host. 
1 -

50 55 eo IS 70 15 5'01 



• 

Fig 7 

HOST. 
HORNBLENDE 

'... 

A_HOST. 
• BOITITE 

• • 
• 
o 

An FMA plot of the I-type Moonbi plutons (squares; data from 
Chappell 1978) with the MGE from the Looanga pluton ( circles) 
and the composition of the separated biotite and amphibole from 
the host pluton (filled square). The enclaves can be explained as 
being cumulates of the mafic minerals of the host pluton. 

12 

MgO 



. 2.5 

Q) DOD '0 o 0 ,g 
.c 2.0 0-

~ 
0 • 0 

C\J 

- ~ 
VI '-

0 1.5 C\J 
«S 
Z 

1.0 
0.5 to 1.5 2.0 2.5 3.0 

Fig 8 



values of the more mafic enclaves are extremely high (up to 0.8 
percent). Hornblende and biotite in the enclaves. irrespective of 
enclave composition. have similar Mg/Fe. Na20/K20. Ti02 and NnO 
contents as those found in the host adamellite and would therefore 
appear to have crystallised from a magma similar to that of the 
host. Chem] call y and mineralogi ca lly. the enclaves can be 
explained as cumUlates formed from a magma of similar composition 
as the host pluton. in that they are enriched in the near-liquidus 
minerals (amphibole, plagioclase and blotite) and depleted in the 
near-sol i du s mi nerals (Quartz and K -fe Idspar). 

The fi ne-gra i ned mi crostructu re and cumul ate chemi stry of 
the enclaves are compaU ble with a pressure-Quench model. 
Pressure Quenching causes a shift of the granite cotectic 
compositions closer to Quartz and K-feldspar with subsequent 
undersaturaturation of the Quenched melt in one or both of these 
mi nera I s. The encl aves coul d form as a result of roof or sidewall 
fracture events that may be minor and short llved but result in 
the reI ease of a water rich fluid or vapour that forms a barrier 
between the solid- and melt-rich parts of the magma chamber. 
As the undercooled melt is now separated from the sol1 d outer 
part of the pI uton by an aqueous fl uid phase, heterogenous 
nucleation takes place on phenocrysts in the melt nr form the 
fine-grained sub-rounded to irregular shaped enclaves. The 
compositional variety of these enclaves results from the degree 
of underco01 ing, the melt compositi ons available within the zone 
of undercooll ng and the effects of increasing temperature due to 
the heat of crystallisation. 

Harker plots of the I-type Moonbi pI utons ( Chappell 1978) 
toget her with the Looanga pluton and its encl aves are shown in 
Fig 6. An FMA plot of the same samples ( Fig 7 ), shows that, 
unusual enclave chem] stry is explicable in terms of mixing 
between the b"ulk-rock and amphibole plus bi otlte of the host 
pluton. A plot of amphibole Na20/K20 vs bulk-rock Na20/K20 
ratios (Fig 8 ) shows that the amphiboles in the enclaves and the 
host pluton are simllar and not determined by the Na20/K20 of 
the encl ave. 

TUESDAV 
2-1 Banalasta Adamellite at Rocky Gully, New England Highway. 
2-2 Spring Creek area at "Old Standby". ( monzodiorite stock, 
granofelses and contact metamorphism of the Banalasta 
Ad arne 11 it e. 
2-3 Contact of t he Ban 131 asta Adamellite and coun try-rock 
i ncl u si ons at "G I enb urni e", 
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2-4 Uralla pluton. 
2-5 Bala1a Dyke Swarm. 

THE BUNDARRA SUITE: S-TVPE PLUTONS WITH HIGH SODIUM AND 
LOW 87Sr/86Sr INITIAL RATIOS ( 0.706 - 0.707). 

These plutons which form a narrow.elongate belt, differ from the 
Lachlan Fold Belt S-type plutons in that they have low initial 
ratiOS and high Na20. Models that might explain the shape of this 
narrow continous belt of plutons have been 11 sted by Shaw and 
Flood (1981). and include: 1) tilting of a tabular body: 2) 
Formation above a moving Mhot-spot": 3) Formation above a llnear 
source. To oate no comagmatlc volcanic rocks have been 
identified for this suite of granltes. 

The Banalasta pluton, the most southern, largest and most mafic 
of the Bundarra Suite plutons preserves evi dence of stoping along 
its eastern contact with volcaniclastic metasediments. Flood and 
Shew ( 1979 ) have suggested that the plutons in this region may 
have been tilted slightly to the east and this would make this 
eastern contact nearest the roof of the pluton. 

The Banalasta pluton is a biotite-cordierite adameHHe with rare 
almandine-rich garnet. The cordierite (average mg of 59 : range 
55 to 61), occurs in most but not all Bundarra Suite plutons, is 
euhedral and magmati c in origin. Some crystals have inclusions 
of quartz in their centres, but whether the core is a magmat ic 
intergrowth or a restitic core is not clear. The garnet (Flood, 
Shaw and Chappell; in prep) is. zoned from almandine-pyrope-rich 
cores (AI m68, Pyr25, Spes4, Gros3) to almandine-spessart1ne­
rich rims (Alm74, Pyrl1, Spes 13, Gros2). These igneous garnets 
contrast with the largely metamorphic garnets of the Cowra . 
p1uton which are zoned from manganese-rich cores to almandine­
rich rims, Fig- 9 (from unpublished data of Flood, Shaw and 
Chappell). The very leucocratic plutons of the Bundarra suite 
commonly have rapakivi fel dspar especially in the more 
porphyrH ic finer-grained margins. 

The Bendemeer and Looanga plutons of the Moonbi Suite have 
intruded the late Carboniferous Bundarra Suite and have produced 
metamorphic effects in the older granites. Clare (1989) has 
recognised two zones within the metagranites on the basis of K­
feldsp ar tricli n icity (Fig 10). 

1) A high-grade zone that is contact parallel and extends 
approximately 2 km into the Banalasta pluton. The 20ne is 
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chara cteri sed by di sordered K-feldspar (1 e low tricli nicity) and 
microstructural eVl dence of recrystallization. 
2) A low-grade zone having a relatively sharp contact with the 
high-grade zone extends as far as four km from the contact. This 
zone is characterised by K-fe1dspar that is much more ordered 
(high tricli nicity) thon K-feldspar of the Bundarra Suite away 
from the younger plutons. The zone also exhi bits evidence of 
minor ductile and brittle strain of quartz I plagioclase and 
bioti teo Clare( 1 989) from careful documentation of these 
metamorphic zones, has located an anomolous area of low 
tricliniCity just north of Bendemeer that may indicate a blind 
pluton. The method of triclinicity zonation could have general 
appli cation in determining the order of intrusion of adj acent 
granites. Within the aureole of the Bendemeer pluton, magmatic 
cordi erlte of the Banalasta pluton is replaced at the lowest 
grades by an isotropic chlorite, at higher grades by muscovite and 
chlori te and a t the hi ghest grades by aggregates that incl ude 
andaluslte and metamorphic cordierite. 

THE BALALA DYKE SWARM 

This large dyke swarm that indicates a signifigant extension of 
the upper crust in the late Permian (Fig 11 ) is largely confined 
to the Yarrowyck and Ba1a1a Granodi orites with just a few 
extending south into the Uralla pluton and the metasedimentary 
rocks. Both the Yarrowyck Gran.odiorite and the dyke swarm are 
truncated by the Gwydir Ri ver pluton. The dykes have a wide range 
of composi t1 ons as shown by Thompso n (1989 
) (Tab1 e 3) but with the majority being of dacftic and rhyolitiq 
co mpos i ti on. 

'". . . . 
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Total 99.06 98.82 

Q 23.20 7.70 
Or 0.95 11.82 
Ab 15.73 32.56 
An 17.46 22.00 
C 6'.10 0.00 
Di 0.00 9.59 
Wo 0.00 0.00 
Hy 24.59 12.59 
Mt 2.64 1.64 
Il 1. 79 1.77 
.&2 Q.QQ 0.:12 

. 

-_ .. _-
99.90 100.53 

8.12 8.57 
15.77 18.26 
29.86 24.53 
17.20 15.90 
0.00 0.00 
8.91 8.88 
0.00. 0.00 
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0.62 1 

0.04 
0.16-
1.39 
2.98 
5.78 
0.03 
0.73 
0.17 

99.51 

32.97 
34.15 
25.20 -
3.04 
0.00 
·2;84 
0.14 
0.00 
0.04 
0.15 
Q,QZ 

Analyses of five of the Balala dyke swarm from Flood 1971 and 
Ransley 1970. 
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STRUCTURAL AND METAMORPHIC EVOLUTION OF THE 
WONGWIBINDA METAMORPmC COMPLEX 

T.R.Farrell .'ot 
Department of Geology, Uniyersity of Newcastle' 

WEDNESDAY 

The Wongwibinda Metamorphic Complex, in the southern New England Fold Belt, 
is a small, low-P/high-T terrain associated with the Abroi Granodiorite, a member of the 
Hillgrove Plutonic Suite. The complex is bounded in the north by the Wards Mistake (1-
type) and the Kookabookra (S-type) Adamellites, and in the east by the Wongwibinda Fault, 
a major structural element of the New England Fold Belt. In the south and west there is no 
well defined border (cf. Binns, 1966) but rather there is a transition from low grade rocks 
(sub-biotite grade) in the Girrakool area 12km to the southwest, through to upper amphibolite 
facies schists at Wongwibinda. A notable feature of the Complex is the rapid progression, 
over a remarkably short distance, from fine grained low grade schists in the west to high 
grade schists, migmatites and syn-tectonic S-type granitoids in the core of the complex, 

The complex comprises a sequence of fine-grained, pelitic and psammo-pelitic schists 
(Rampsbeck Schists; Binns, 1966), with sporadic thin lenses and layers of calc-silicate, and 
minor amphibolites and quartzites (Stephenson and Hensel 1979, 1981). These rocks are 
interpreted to be a deformed and metamorphosed accretionary seque~ge.. The lower grade 
Rampsbeck Schists (lower amphibolite facies) are fine grained rocks containing quartz, 
biotite, plagioclase and muscovite. Various sedimentary structures (graded bedding, load 
casts, cross bedding) are still recognisable. In some locations, highly disrupted bedding 
contacts showing delicate flame-shaped or bulbous contacts, and very irregular folds with 
thrust faults and fme wispy axial plane injections of pelitic material are evidence for 
deformation of the sediments in an unconsolidated state, either during deposition or shortly 
afterwards in subduction and accretion. 

High grade Rampsbeck schists are coarser grained and contain quartz, plagioclase, 
K-feldspar and biotite, as well as cordierite, garnet and sillimanite in more pelitic v¥ieties. 
The peak conditions of metamorphism have been estimated at 650-675°C and 2.8-3.4 kbar 
from garnet-biotite thermometry and plagioclase-garnet-muscovite-biotite barometry. The 
schists are transitional into a zone of migmatites in which the rocks contain numerous thin, 
closely spaced, parallel quartz-rich veins and are intruded by irregular coarse grained granitic 
leucosomes. At the highest metamorphic grades (upper amphibolite facies) pelitic migmatites 
are intruded by small bodies of peraluminous cordierite-muscovite granitoid. 

The Abroi Granodiorite (Binns, 1966), an elongate, deformed S-type pluton, lies 
along the eastern margin of the Complex. The Abroi is relatively biotite-rich (up to 19 
vol %) and contains minor amounts of myrmekite, occasionally gamet, and accessory 
ilmenite, sphene and apatite. It has abundant metasedimentary (schist and calc-silicate) and 
minor mafic enclaves, and relict quartz veins and pegmatites, and is intruded by syn-genetic 
aplitic dykes. Along the Wongwibinda Fault the Abroi is mylonitised in a wide zone (up to 
1.6km in width), and thrust over the low-grade Dyamberin Beds (Binns, 1966) to the east. 
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STRUCTURAL GEOLOGY 

The rocks of the Wongwibinda Complex show evidence of four phases of deformation 
(DI-D.; Farrell, 1988), recognised on the basis of the overprinting of foliations and small 
scale··'folds. DI was an intense, pervasive deformation, coeval with amphibolite facies 
metamorphism and mig matisation , that produced steeply plunging, open to isoclinal folds 
(PI)' an associated axial plane foliation (SI), and very strong lateral extension. The effects 
of D, are recognisable throughout the complex but are most pronounced in the higher grade 
rocks. Extension parallel to Fl axes is particularly strong and rootless, isoclinal, intrafolial 
folds, and boudinaged pegmatites and calc-silicates are common. In contrast to the first 
deformation, D2 resulted in very heterogeneous strain, characterised by the buckling and 
"transposition" of pre-existing structures. It produced steeply plunging, gentle to isoclinal, 
typically asymmetric folds (P~ with an axial plane schistosity (~, and was associated with 
amphibolite facies metamorphism and the generation of granitic melts. D3 was an episode 
of heterogeneous non-coaxial, simple shear that resulted in the formation of Type I S-C 
mylonites (Lister and Snoke, 1986) in the Wongwibinda, Glen Bluff and associated minor 
shear zones. D3 features are best developed in discrete shear zones in granitic rocks, 
although migmatites, schists and quartzites close to these zones may also show evidence of 
shearing. The first effects of shearing are observed in granitoids up to 1.6km from the Fault 
with the incipient development of lineated shear planes (C) which deflect a pre-existing, 
weakly developed foliation (S). Approaching the Wongwibinda Fault the shear planes (C) 
become more pervasive, continuous and closely spaced, S-planes are more strongly 
developed, and the S-C angle decreases from about 400 initially, to' 0·100 adjacent to the 
fault. In the most intensely deformed rocks C' -planes and thin ultramylonite bands are 
developed. S-C relationships, asymmetric augen, mica fish and displaced broken grains, all 
consistently indicate a west over east, reverse sense of movement on the Wongwibinda Shear 
Zone. The stretching lineation ~), dips steeply to the west or westsouthwest, indicating an 
east to eastnortheast direction of thrusting. The final deformation, D4 was a minor event that 
produced kinking of pre-existing structures. 

MIGMA TITE GENESIS 

Migmatites in the Wongwibinda Metamorphic Complex show evidence of progressive 
development during prograde metamorphism in D, and D2. First generation (D1) leucosomes 
are generally thin, occur sub-parallel to SI and are quartz-rich. Two distinct types are 
present: thin vein-like leucosomes « 5mm thick) with very high length/width ratios (100-
200), and thicker leucosomes (up to 50mm thick) which are boudinaged in SI and commonly 
have a pod-like or lenticular shape. The former are typically closely spaced, have relatively 
constant modal compositions (qtz 45-50%, pIg 35-40%, kfs 5-12%, bio 1-8%), and become 
progressively thicker with increasing degree of migmatisation. The lenticular Ieucosomes are 
interpreted to be early Dl features because of their strong but variable extension in SI' They 
are frequently linked by thin quartz-rich veinlets, and contain variable amounts of quartz (45-
90 %) and feldspar (PIg 4-50 %, kfs 0-17 % ). A second generation of thicker, coarser grained, 
variably deformed "granitic" leucosomes crosscuts the DI leucosomes. Compositionally, 
these later leucosomes range from leuco-adamellite, with sub-equal proportions of plagioclase 
and K-feldspar, to biotite-granodiorite (up to 13% bio). They appear to have formed at all 
stages of D2: early leucosomes cut S) but are folded about S2, whereas late stage leucosomes 
are relatively straight and lie parallel to S2' Leucocratic Ieucosomes usually have very sharp 
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discordant boundaries, irrespective of the timing of their formation, but biotite-rich 
leucosomes often have diffuse margins and ghost fabrics concordant with $1 in the host 
schist. Coarse grained pegmatitic varieties are relatively straight, occur parallel to the axial 
surfaces of F2 folds, have sharp discordant boundaries and are interpreted to be late D2 
features. 

0 1 and 02leucosomes are geochemically qistinct. As a consequence of their quartz­
rich compositions 0 1 leucosomes are strongly depleted in a wide range of trace elements (eg. 
Rb, Ba, Hf, Th, Zr, Y, LREE) with respect to their host rocks. In contrast, biotite-rich 
leucosomes display incompatible element contents which are remarkably similar to those of 
the host rock. 

The chemistry and structural relationships indicate that Dl leucosomes formed under 
sub-solidus conditions; their mineralogy deviates significantly from minimum melt 
compositions, they are typically extended in $17 implying solid state deformation during DIt 
and their depleted incompatible trace element compositions are not consistent with an 
anatectic origin. Conversely, the textural relationships suggest that D2 leucosomes fonned 
by anatectic processes. Biotite-granodiorite leucosomes with gradational margins. are 
interpreted to be partial melts that have not segregated from their source but have frozen in 
situ (sensu lato). This can account for the presence of vague internal structures which are 
continuous with SI in the host rock, and the remarkable similarity of the trace element 
composition of the host and leucosome. Leuca-adamellite leucosomes are thought to be 
partial melts that formed at deeper levels and intruded upwards into the overlying migmatites . 

... +, .. 

FIELD STOPS 

The purpose of this field excursion is three-fold: i) to look at the progression from 
low grade schists through to migmatites and granites, ii) to evaluate the time relationships 
between deformation and melting, and iii) to examine ductile shear fabrics in the Abroi 
Granodiorite indicative of uplift on the Wongwibinda Fault. 

Stop no. 1 : Low grade schists, Chandler River 

At this location the rocks consist of interbedded mudstones and quartz-bearing greywackes 
that have been recrystallised into fme grained schists. They have only been affected by one 
deformational event which produced the weakly developed cleavage. These rocks are the low 
grade equivalents of the migmatised and deformed rocks in the core of the complex. Graded 
bedding and load casts are recognisable and they indicate that the sequence is overturned and 
faces to the west. These rocks are interpreted to be a coherent turbidite sequence, possibly 
deposited in a trench-slope setting. 

Stop no.2: High grade schists and migmatites, Spring Creek 

The high grade schists and migmatites at this location are noticeably coarser grained than the 
low grade rocks at stop number one, although bedding is still recognisable. The rocks have 
been intensely folded during D2 to produce some superb ptygmatic structures in thin 
leucosomes and tight, typically asymmetric folds in bedding. Stromatic (layered) migmatites 
are well developed - the rocks contain numerous thin SI parallelleucosomes. Crosscutting 
the Dl structures are a series of syn-D2 leucosomes, many of which are sub-parallel to ~. 
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Many biotite-rich D2leucosomes display gradational margins, indicating that melting had not 
proceeded far enough to allow the melt segregate from the source area. Folded lenses of 
zoned calc-silicate are also present; they are interpreted to be the boudinaged remnants of 
former thin calcareous layers. 

Stop no.3: Pelitic migmatites and peraluminous granitoids, Rock Abbey 

At this location a strongly peraluminous granitoid contains a range of metasedimentary 
enclaves from abundant small schlieren through to large rafts of pelitic migmatite. The 
migmatites record the structural history of the rocks up until substantial melting took place: 
they contain recognisable bedding, refolded FI folds, and F2 folded Dl stromatic leucosomes. 
The structural relationships shown by the migmatites indicate that granitoid formation took 
place late in D2 (cf. Stephenson & Korsch, 1976; Korsch, 1981) - many enclaves display F2 
folding of S1I granitic melt has been intruded along the axial plane of F2 folds, and many of 
the granitic pods display a weak foliation which is parallel to the axial plane of F2 folds in 
adjacent schistose blocks. 

Compositionally, the granitoids are biotite-muscovite adamellites and they contain minor 
retrogressed cordierite and accessory ilmenite and tourmaline. The coexistence of muscovite 
and quartz indicates that crystallisation took place at pressures above that of the invariant 
point defIned by the intersection of the haplogranite solidus and the quartz + muscovite 
breakdown reaction. The presence of cordierite additionally constrains the crystallisation 
pressure to have been very close to the invariant point ie. about 3-4kbar. 

Stop no. 3b: (Optional) High grade schists, The Range 

The high grade schists at this location contain abundant thin leucosomes and show very good 
development of F2 folds. Also developed parallel to S2 are some thicker granitic leucosomes. 
The heterogeneity of the strain associated with D2 is apparent: in high strain zones SI is 
completely transposed into S2 orientations; whereas in low strain areas SI displays open F2 
folding. A large dextral D4 kink band folds the transposed SI fabrics. Also apparent is 
asymmetric extension of bedding. 

Stop nO.4: Mylonitised Abroi Granodiorite, Wongwibinda Fault 

This locality shows the very strong deformation associated with ductile shearing along the 
Wongwibinda Shear Zone. S-C fabrics, mineral stretching lineations and asymmetric 
microstructures are exceptionally well developed. The S-C angular relationships and the 
asymmetry of feldspar porphyroclasts and biotite" fIsh" are consistent with reverse movement 
on the Wongwibinda Fault. A high shear strain ( = 4-5) is indicated by the low angle 
between S and C (0-100) and by the development of late shear bands (C') and numerous thin 
ultramylonite bands. The ultramylonites are generally parallel to C but some are discordant. 
Also present at this locality are folded and sheared pegmatites and a post-D3 mafic dyke. 
The mafic dyke is largely concordant with D3 fabrics although it displays some local 
discordance, and at one point it has stoped off a fragment of the Abroi containing S-C 
fabrics. 
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THURSDAV 
THE URALLA CENTRE: A VOLCANIC-PLUTONIC CENTRE 
Stops 
4-1 the Terrible Vale - Metagranite contact 
4-2 the southern margirr-:pf the Terrible Vale pluton 
4-3 the Kentucky diorite, enclaves -and xenoliths 
4-4 the Terri ble Vale - Harnham Hi 11 Volcanics contact 
4-5 the Uralla pluton at Thunderbolts Rock. 
4-6 the Uralla pluton at the Quarry in Uralla. 

The Late Permian Ura1la Igneous Centre (see map Fig 14) 
conSists of a series of andesitic and pyroclastic flows (Hamham 
Hill volcanic rocks), the Terrible Vale intrusive rocks, the Uralla 
Granodiorite and the Kentucky Diorite. It is probable that the 
Varrowyck Granodiorite to the northwest of the Uralla pluton is 
also part of the Centre_ All the late Permian volcanic rocks that 
are comagmati c with the New England Batholi th have been 
recently named the Wandsworth Volcanics by Barnes et a1. 1991. 

The Harnham Hill volcanic rocks comprising mainly andesites 
together with the underlying sedi mentary rocks t hat out crop just 
to the east of Kentucky are intruded by the Terrible+Vale rocks, a 
microstructurally zoned facies that vary from daci te to Quartz 
monzo di orite an d these in turn are cross-cut by the U ra 11 a 
Granodiorite pluton to the north west An extension of the 
andesites and Terrible Vale rocks outcrop to the northwest of the 
Urall a pluton. The preservation of the andesites and thermally 
metamorphosed sedimentary rocks partly encompassed by the 
Terrible Vale rocks suggests they are down-faulted blocks within 
a cauldera. The Terrible Vale faCies at Kentucky South are 
intruded by the coarser-grained and more mafic Kentucky Diorite 
and to the south-west are separated by a narrow screen of 
hornfels from the younger Walcha Road Adamellite. 
The Terrible Vale facies along their contact margins are two­
pyroxene dacite tuffisites with fragmental microstructures 
superficially similar to many ignimbrites. The tufficites are 
considered to have been feeder zones for one or more major 
ignimbrite eruptions, the products of which have since been 
removed by erosion. They exibit a seemingly transitional 
microstructural change inward from the fragmental two-pyroxene 
dacite to a fine-grained porphyritic- through medium-grained to 
coarse-grained near-eQuigranular Quartz monzodiorite. 

The andesites, dacite and Quartz monzodiorite share strong 
chemical and isotopic similarities with the Uralla pluton (I-type 
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Si02 
Ti02 
AI203 
Fe203 
FeO 
MO 
~ 
QD 
Na20 
K20 
P205 
H2O+ 
H20-
CO2 
TOTAL 

Sa 
Cr 
OJ 
GJ. 
N> 
Ni 
Pb 
Fb 
Sr 
Th 
U 
V 
Y 
Zn 
Zr 
La 

Terrible Vale dacite tuffasite Terrible Vale quartz monzodiorite 
1 2 3 4 5 6 7 8 9 10 
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62 
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3.09 
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0.75 0.74 
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Medal variation of the UraIJa pluton (+), Terrible Vale pluton (~) 
and Kentucky Diorite (x). 
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but transit lona 1 to S-typ e) that Intrudes the sequence. In 
parti cular they are K-rich and have high normative hypersthene to 
di ops i de ratios whi ch are also a mo dal chara cteri st i c of the ri ng 
dyke and the finer phases of the Terrible Vale Quartz 
monzod i orite. Bu 1 k rock Rbi Sr data for the Harnham Hi 11 
andesites, and facies of the Terrible' Vale dacite and Quartz 
monzodiorite, each exhibit little variation, but collectively 
correspond to the Uralla Pluton initial ratlo of 0.7064 +1- 0.0004 
based on an age of 245 Ma. Individual biotite Rb/Sr ages from 
rocks of the Centre range from 251-245 Ma. As with the Urella 
pl uta n, the j uxtap osition of these volcani c and sub-vol canic rocks 
sugges ts that th e regi on h as been tilted such that the h j ghest 
levels are exposed in the north-east and the deepest levels in the 
south-west. The Terrible Vale tuffisite and Quartz monzodiorite 
would seem to represent the uppermost parts of a magma 
chamber that vented to the surface during a major roof fracture 
event but then crystallised more slowly to produce the 
microstructural facies observed. 

The Ura11a pluton shares with the Kentucky diorite the same 
mineralogy and Flood and Shaw (1979) suggested that this 
inclusion-rich stock may be the deeper parts of the'Ur'alla pluton 
not connected at the 'present level of erosion, The numerous 
dioritic inclusions, the large Quartzite xenolith and the patch of 
biotite microgabbro all conform with the model that these rocks 
are formed at the bot tom of the magma chamber where cumulates 
and stoped blocks are co 11 ecti ng. 

The modal variat ion of the Terrible Vale pluton and the Uralla 
pluton are shown in Fig, 15. The chemical variatl on (Table 4) 
plotted on a TAS diagram is Fig 16. Fig 17 gives a summary.af 
the chemistry of the mafic minerals of the plutons and Fig 18 
shows the di fference between the variation in the Terrible Vale 
pluton that is inferred to result from fractionation of anhydrous 
minerals plus minor biotite and the variation trend of the Ural1a 
pluton that results from fraction that involved a large component 
of hornbl ende. 

FRIDAV 

RETURN TO CANBERRA. 
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