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ABSTRACT

PETROCHEMICAL GROUPING OF QUATERNARY
NORTHLAND, NEW A REASSESSMENT

RELATION TO SYSTEM.

E Cox

Geothermal I n s t i t u t e and Geology Department,
Un ive r s i t y of

The pet rochemis t ry of b a s a l t i c rocks i n the Kaikohe-
Kaeo a r e a s around Ngawha is reas ses sed t o determine i f
chemical v a r i a t i o n s would conf i rm the apparent assoc-
i a t i o n of age and l o c a t i o n of t h e youngest volcanism
wi th t h e i d e n t i f i e d Kaikohe s t r u c t u r a l block, w i t h i n
which t h e Ngawha geothermal system is located. The
outcome of t h i s reassessment is t h e i n d i c a t i o n of a n
apparent change i n chemical composit ion of t h e Kaikohe
l a v a s from e a r l y (Horeke) high-A1 t o l a t e r (Taheke)
a l k a l i , t h e reve r se of t h a t previously repor ted .
Comparison of b a s a l t s from t h e Kaeo a r e a t o t h e n o r t h
of Kaikohe i n d i c a t e s volcanism forming t h e ma jo r i t y of
t h e b a s a l t s t h e r e was a l k a l i c and, a t least, p a r t l y
contemporaneous wi th t h e o l d e r high-Al volcanism i n
t h e Kaikohe block. A s i m i l a r approach t o b a s a l t s i n
t h e Whangarei and Puhipuhi areas t o t h e south of
Kaikohe sugges t s a composi t ional change from
t h o l e i i t e s t o younger high-A1 and a l k a l i b a s a l t s . The
age r e l a t i o n s those areas are, however, less c l e a r .
Pet rochemis t ry of t hese Northland b a s a l t s i n d i c a t e s a n
i n c r e a s i n g depth of format ion northward f o r t h e
i n i t i a l magma type i n each a r e a .

Fig. 1. Locat ion of Quaternary b a s a l t
f i e l d s i n Northland.

INTRODUCTION

The b a s a l t s i n t h e nor the rn p a r t of
Northland (Fig 1) have been descr ibed as comprising
two vo lcan ic f i e l d s, t he most nor the rn t h e Kaikohe-Bay
of I s l a n d s and t h a t f u r t h e r south , a t Whangarei
inc lud ing t h e b a s a l t s of t h e Puhipuhi a r e a

of e rup ted l a v a are
and r e s p e c t i v e l y 1980, a ) .

The Qua te rna ry volcanism of t h e nor the rn f i e l d f l anks
t h e Ngawha geothermal a r e a (Fig 2) and is in t ima te ly
a s s o c i a t e d w i t h t h a t a c t i v e hydrothermal system. It
was, t h e r e f o r e , cons idered t h a t t h e s p a t i a l
d i s t r i b u t i o n of t h i s volcanism and its temporal
h i s t o r y may assist i n unders tanding t h e formation of
t h e Ngawha system. Th i s was approached from an
assessment o f t h e chemis t ry of t h e l a v a s from
a v a i l a b l e d a t a ( B e l l and Clarke , 1909; Mulheim, 1973;

1980, a ) as w e l l as some new analyses . Such
a n assessment was f u r t h e r considered worthwhile due t o
the ve ry small number of determined ages f o r the
Quaternary vo lcan ic rocks of t h e area 1962;
St fpp and 1971).

Karo, Kaikohe and Puhipuhi basalt f i e l d s showing l o c a t i o n s of

samples i n of the i n d i c a t e d Kaeo volcanism is shown

by b r o k e n l i n e .
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PREVIOUS WORK: APPROACH CONCLUSIONS

I n a n e a r l y re fe rence t o t h e Qua te rna ry b a s a l t s
(Marshal l , 1907) both t h e Horeke and Taheke l a v a s were
d e s c r i b e d as basan i t e s . An e a r l y comprehensive s tudy
of volcanism i n t h e area (Bell and Clarke, 1909)
concluded t h a t t h r e e groups of vo lcan ic rocks ex i s t ed :
1) t h e S e r i e s - d o l e r i t e ( b a s a l t ) and minor

a n d e s i t e flows;
2 ) a c i d i c rocks - r h y o l i t e domes and

s c a t t e r e d blocks of obs id ian ;
3) la ter b a s i c vo lcan ics - b a s a l t s with a n d e s i t i c

c h a r a c t e r , g r a d a t i o n a l from t h e K e r i k e r i S e r i e s .

P e r r a r (1925) desc r ibed t h e range of vo lcan ic rocks as
o l i v i n e basalts and a n d e s i t i c basalts to o l i v i n e
a n d e s i t e s . proposed t h a t t h e a c i d i c vo lcan ic rocks
and later basic v o l c a n i c s vere cont inuous wi th t h e
K e r i k e r i Volcanic Group and p a r t of it. From mapping

t h e sou the rn p a r t of t h e a r e a , Hay (1960)
that t h e K e r i k e r i Volcanics were a s i n g l e

l i t h o l o g i c a l u n i t , and d iv ided t h e f lows i n t o b a s a l t
f i e l d s Mason (1953) f proposed subdividing t h e

Volcanic Group on a r e l a t i v e age b a s i s i n t o
Taheke and flows; t h e Taheke being younger,

preserved s c o r i a cones. Th i s r e l a t i v e age d i s-
t i n c t i o n was expanded (Kear, 1961; Kear and 1961)
u t i l i z i n g t h e degree of e r o s i o n and prese rva t ion of
v o l c a n i c f e a t u r e s . F u r t h e r d e t a i l i n mapping and
petrography of t h e a r e a were produced by Skinner
(1966)

The r h y o l i t i c rocks of nor the rn Northland wi th t h e i r
a s s o c i a t e d h a l l o y s i t e c l a y s were s t u d i e d by
(1974) and were c l a s s i f i e d as part of t h e
P l e i s t o c e n e Parahaki Volcanic Group. Other work
Sk inner , 1966; Mulheim, 1973; Heming, 1979; L e t e l i e r ,
1979) i n d i c a t e s t h e r h y o l i t e s t o be g e n e t i c a l l y
d i f f e r e n t , much younger and should be considered p a r t

t h e K e r i k e r i Volcanic Group.. Analyses of t h e
P u t a h i r h y o l i t e (Table 2) provide a molar

1.04. Th i s and the presence of r i e b e c k i t e
sugges t t h a t t h e r h y o l i t e is pera lka l ine .
Smith et (1977) c o n s i d e r t h e minor a l k a l i n e and
p e r a l k a l i n e r h y o l i t e s o f t h e area a r e l i k e l y t o be
evolved from a paren t b a s a l t magma by c r y s t a l f r ac-
t i o n a t i o n . (1980, a ) considered a format ion of
p a r t i a l me l t ing of t h e base of the c r u s t , a g e n e s i s
similar t o t h a t cons ide red t o form t h e r h y o l i t e s of
t h e Taupo Volcanic Zone E w a r t and 1968;
Cole , 1981). Trace element d a t a f o r t h e young
Northland r h y o l i t e s , however, sugges t s f r a c t i o n a l
c r y s t a l l i s a t i o n played a n important r o l e i n t h e i r
fo rmat ion (S t ipp , 1968).

Radiometr ic d a t i n g of Northland vo lcan ic rocks w a s
c a r r i e d o u t by S t i p p (1968) and S t i p p and Thompson
(1971) b u t on ly f i v e ages f o r Qua te rna ry b a s a l t s were
produced. o f I s l ands : two Horeke (1
and and one Taheke (0.017 t h e latter
is p o s s i b l y of low accuracy due t o a i r argon contam-
i n a t i o n ( S t i p p and Thompson, 1971). Whangarei: one
Horeke (2.30 and one Taheke (0.521
Wellman (1962) repor ted a age of y r s f o r
ca rbon i sed wood from a f l o v from Te Puke cones ( t h e
same source as the 0.017 dated flow).

Mulheim i e d t h e vo lcan ic rocks f t h e
Kaikohe a r e a i n t o f i v e pe t rograph ic groups: o l i v i n e
b a s a l t wi th a u g i t e phenocrysts , o l i v i n e b a s a l t ,
o p h i t i c b a s a l t , hypersthene- augi t e a n d e s i t e , and
s a n i d i n e- r i e b e c k i t e r h y o l i t e . She d e s c r i b e s t h e
b a s a l t i c rocks around Kaikohe a s being minera log ica l ly
and chemical ly g r a d a t i o n a l betveen high-alumina and
alkali o l i v i n e b a s a l t s u i t e s .

Heming presen ted and element
a n a l y s e s b a s a l t s from both the Kaikohe- Bay of
I s l a n d s and t h e Whangarei a r e a s . From t h i s s tudy , he
concluded t h a t volcanism nor the rn Northland over

t h e l a s t 2-3 has produced tvo vo lcan ic f i e l d s
c o n t a i n i n g a l k a l i c , t i t and tho

b a s a l t s . agreed w i t h t h a t pet ro-

g r a p h i c I ,

t r y l i m i t e d , and t h a t a l l l a v a s a r e d i s t i n c t l y alum-
inous Quaternary alkalic and

b a s a l t s from t h e Auckland and South Auckland
v o l c a n i c f i e l d s of sou the rn Northland (Fig 1) have

c o n t e n t s of (Raf fe r ty and Heming, 1979).
concluded t h a t i n t h e nor the rn North-

land f i e l d s the o l d e r  l a v a s  tend t o be o p h i t i c and are
predominantly a l k a l i c , whi le t h e younger l a v a s are por-
p h y r i t i c and of t h o l e i i t i c composition.

S t i p p (1968) noted that Northland vo lcan ics d i f f e r
chemical ly from Taupo Volcanic Zone rocks, wi th h igher
alkalis r e l a t i v e t o The Northland b a s a l t s and
a n d e s i t e s have h igher and S r con ten t s and
ratios. Be proposed t h a t bo th t h o l e i i t i c and alkali
basalts of t h e North I s l a n d ( Inc lud ing Northland) were
d e r i v e d by p a r t i a l me l t ing of mant le p e r i d o t i t e based
on t h e model of Green and (1967). The degree
of p a r t i a l mel t ing and consequent v a r i a t i o n i n b a s a l t
type may be depth dependent as suggested occurs i n
Japan (Kuno, A v a r i e t y of t e c t o n i c models have
been proposed f o r t h e North I s l a n d Brothers ,
1974; Bal lance e t 1982; Bro the r s , 1984). One
a s p e c t n o t c l a r i f i e d t h e r e l a t i o n s h i p of the
Quaternary volcanism i n n o r t h e r n Northland to the
c u r r e n t l y a c t i v e subduct ion below t h e
and whether is r e l a t e d , or r e p r e s e n t s c o n t i n e n t a l
" i n t r a p l a t e" volcanism. I n t h i s r e s p e c t ,

b) proposed a model of upwell ing d i a p i r s t o
t h e rear ,of t h e from a zone of p a r t i a l mel t ing
w i t h i n upper mantle. The r e s u l t i n g b a s a l t s are
exp la ined products of p rogress ive mel t ing at
d e p t h s of 70-120 w i t h mant le d i a p i r s formed by
convec t ion i n the mantle wedge.

GEOLOGICAL SETTING

S t u d i e s of t h e Ngawha geothermal system and surround-
i n g area demonstrate t h e importance of s t r u c t u r a l
c o n t r o l on t h e l o c a t i o n and form of the geothermal
system Skinner and Grindley, Th i s aspec t
of Ngawha and t h e Quaternary volcanism of t he a r e a
have been prev ious ly noted Kear, Current
assessment of the r e g i o n a l s t r u c t u r e shows t h a t one of
t h e b a s i c c h a r a c t e r i s t i c s is t h e f a u l t c o n t r o l of t he
u p l i f t e d and outcropping basement rocks, and
t h e l o c a t i o n of Ngawha and most younger vo lcan ic
c e n t r e s w i t h i n an ENE t r end ing s t r u c t u r a l block (F ig
2). Within t h e block t h e r e is some apparen t f a u l t
c o n t r o l over  volcanic  c e n t r e l o c a t i o n s and orien-
t a t i o n , producing i n p a r t t h e NE and alignment
noted by Kear (1961). The block i t s e l f bounded by
f a u l t s (except t o t h e west) on which s i g n i f i c a n t
v e r t i c a l displacement of t h e basement ( t o s e v e r a l
hundred met res ) has occurred. Such displacement w a s
f u r t h e r confirmed by d r i l l i n g a t Ngawha. Other
impor tan t f e a t u r e s r e l a t e d t o t h i s s t r u c t u r a l block
are t h e western e x t e n t of Quaternary volcanism v i t h i n
it , t h e range of rock types and t h e apparen t youth of
t h e P u t a h i r h y o l i t e dome, based on
pho log ica l reasonfng ( e p r e s e r v a t i o n of g a s vents
and l i m i t e d e ros ion ( L e t e l i e r , 1979)) compared t o
o t h e r Quaternary r h y o l i t e s of n o r t h e r n Northland.
It is d i f f i c u l t t o a s s e s s the r e s p e c t i v e volumes of
Roreke and Takeke b a s a l t s w i t h i n t h e Kaikohe block.
Broadly, t h e a r e a covered by each is s i m i l a r , but the
observed g r e a t e r th ickness of Horeke f lows sugges t s
t h e ear l ie r volcanism more voluminous.

approach was t o examine t o g e t h e r a l l
t h e ana lysed b a s a l t s Whangaref, Puhipuhi , Kaikohe
and Bay of I s l a n d s a r e a s . Although he addresed the
age d i s t i n c t i o n , p l o t t i n g of t h e d a t a toge the r
a p p a r e n t l y masked some of t h e petrochemical t r ends
w i t h i n ind iv idua l a r e a s and appears t o
have been biased by t h e Whangarei d a t a . This
reassessment d i r e c t e d towards t h e Kaikohe-Bay of
I s l a n d s vo lcan ics , but t h e

a r e a l s o considered as a

a r e a s of Quaternary volcanism t h e s u b j e c t of a
c u r r e n t , more t h e s i s s t u d y

Geology
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Fig.3 A l k a l i - s i l i c a v a r i a t i o n diagrams showing alkalic,' high-Al and t h o l e i i t i c b a s a l t
fields. Grouping of Whangarei-Puhipuhi b a s a l t s is based on a n a l y s e s of F e r r a r and
Heming Samples 1,2 ,18 and 23 are B e l l and Clarke analyses .

PETROCHEMISTRY

Ma Elements

The d a t a were p l o t t e d
grams ( F i g 3a,b) basa

on a l k a l i - s i l i c a
t t y p e boundary

v a r i a t i o n
used are:

a l k a l i c (Saggerson and Williams,
a l k a l i c - t h o l e i i t i c (Macdonald and

1964) and high- Al- tholei i te (Kuno, 1960).
on alkali-silica v a r i a t i o n diagrams t h a t

w i t h i n t h e Kaikohe block ( F i g 3a) t h e e a r l y b a s a l t i c
volcanism ("old Kaikohe" Eoreke) w a s p r i m a r i l y
high-Al, or t r a n s i t i o n a l , i n charac te r . The later
b a s a l t i c volcanism w i t h i n t h e block ("young Kaikohe"

Taheke) was (mi ld ly ) a l k a l i c . The p l o t of
b a s a l t s from t h e n o r t h o f t h e Kaikohe block 3b)
shows them t o be (mildly) alkalic. These b a s a l t s are
r e f e r r e d t o h e r e as belonging to "Kaeo and
have been mapped a s of Horeke age. R e s u l t s i n d i c a t e
t h a t t h e Kaeo volcanism probably extended I n t o t h e
e a s t e r n end of t h e Kaikohe block (F ig It should
be noted t h a t some l a v a s s p a t i a l l y marginal t o t h e
Kaikohe b lock are petrochemical ly g r a d a t i o n a l between
Kaeo and Kaikohe (Horeke) volcanism. The
alkali-silica diagrams show t h a t no t h o l e i i t e s were
e r u p t e d i n t h e s e areas. V a r i a t i o n diagrams f o r major
elements ve r sus a r e shown i n Figure 4. Those f o r

and K20 tend to r e f l e c t a composi t ional
series i n which t h e Te Pua a n d e s i t e s is r e l a t e d t o t h e
Kaikohe basalts. The Bell and Clarke (1909) ana lyses
are n o t included as they tend t o be h igh ly v a r i a b l e .
T h e i r a n a l y s e s f o r F l a t I s l a n d , however, i n d i c a t e the
l a v a s are a n d e s i t e and n o t Horeke b a s a l t s a s mapped.
It is probable they a r e p a r t of t he Miocene Wairakau
Andes i t e group.

A vs for Kaikohe and Kaeo b a s a l t s
demonstra ted t h e i r s i m i l a r c o n t e n t , but a v a r i a t i o n
i n K c o n t e n t . Kaikohe l a v a s have a wide range of K20
v a l u e s , o l d e r being lower than younger

lavas . The Kaeo lavas have a r e l a t i v e l y
c o n s i s t e n t con ten t (1 The Kaihoke l a v a s
have l i t t l e v a r i a t i o n in Si02 con ten t ( 4 7- 5 2 % ) and a r e
most ly sod ic . The o ld Kaikohe high-A1 b a s a l t have a
wide scatter of r a t i o s , mostly 3-8, but up t o
17; young Kaikohe a l k a l i b a s a l t s have a more
c o n s i s t e n t r a t i o of 2- 5. The Kaeo a l k a l i b a s a l t s a r e
g e n e r a l l y a lower soda type w i t h r a t i o s of
1-2.5.

S i m i l a r t reatment of Whangarei d a t a Lndicates t h a t
l a v a s mapped as Horeke (Kear and Hay, 1961) a r e mostly
t h o l e i i t e s and those mapped a s Taheke a r e mostly
high-A1 b a s a l t s (Fig One Horeke lava p l o t t e d
w i t h i n t h e alkali f i e l d . O f the Whangarei l avas

TABU 1 LOCATIONS AND

Ref
No No Ref
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1
2
3

6
7

9
10

12
13
14
15
16
17
18
19
20
21
22

23
24
25
26
27
28
29
30
31
32
33
34

36

38
39

UT22

NU27

17634

N

17632
17633
17640
N 31
UT29

1
17638
17639
17637
17635

N30

F la t Is, upper
H A

flow H a
R11.474698 E B
111.483686

flow H a
flow .

111,449615

111,469978 Kerikeri Fal ls , H a
111,284533 f lov H a

Puke, cone T
Puke, flow B

H
n(1.24

T B
f low

f l w A
f l w D
come B

H a

Puke, flow C

possible

f l ov A
115,348402 f l w D

flow D
flow D

Pt quarry, T
f l w T B

115,263298 . flow D
t

, f D
D

f l ov D
f lov C

E
115,472348

T &

E

A: B e l l Clarke. 1909. B: C: Stipp, 1968.
D: 1973. E: This (Table 2).

cons ide red , of t h e are t h o l e i i t e s and 73%
of t h e Taheke a r e high-Al. For t h e b a s a l t s in the
Puhipuhi a r e a , n o r t h of t h e Whangarei f i e l d , a l l a r e
mapped as Horeke; of 7 ana lyses , are t h o l e i i t e s ,
a r e high-A1 and 2 are a l k a l i c . The Whangarei-
Puhipuhi b a s a l t s a r e more s a t u r a t e d than those f u r t h e r
n o r t h , wi th c o n t e n t s of 48-55%. The s t rong ly
t h o l e i i t i c Lavas have l o w r a t i o s , mostly
less than 1 .5 , and t h e high-A1 and a l k a l i b a s a l t s a re
more sod ic v i t h a r a t i o range most ly between
No a n a l y s e s a r e a v a i l a b l e for t he two dated

and i t apparent d a t i n g of
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The p l o t of v s K (Pig 6) shows similar grouping.
Young and o l d Kaikohe have Ca con ten t s , but
is l o v e r dep le ted ) i n o ld Kaikohe high-A1 b a s a l t s .
R e l a t i v e c o n t e n t s are ev iden t , and t h e h igher K Kaeo
b a s a l t s appear dep le ted i n Sr. The o l d
(high-Al) l a v a s f a l l wi th in t h e f ie ld of cont in-
e n t a l t h o l e i i t e s (from Lo and Coles , 1976) and the
young Kaikohe alkalic b a s a l t s are g r a d a t i o n a l between
f i e l d s f o r c o n t i n e n t a l t h o l e i i t e s and a l k a l i b a s a l t s .
The Kaeo aga in (h igher and lower

t h e p l o t of samples 6 and 36 ? 28)
s u g g e s t s or formation;

a n d e s i t e fa l ls with t h e s e marginal basalts.
sample 14 appear s between

Kaeo aad o l d The o l d e r
t h o l e i i t e s p l o t low in t h e f i g u r e showing law r e l a t i v e

and Sr and h igher The younger
Whangarei high-A1 basaltr p l o t t o t h e o l d
Kaikohe basalts.

22 27 36 38 39 40
NO:

48.40
2

10.93

9 .os
3.87

.77

1.12

99.30

47.58
1.64

16.52
11.89

24

3.97

.22
1.91

99-81

b7.48
1.72

16.91
9-89

16
7.21

10.10
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.94
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49.21
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17.79
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.20
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42

1.62
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1-46

1.00 0

76.02

11.70
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57.89
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17
7.29

3.00

4.41

42

0399.39 100.08 100.39

21.6
17f.2

9.4

2.0

83.8
33.9

223.2
21.7

Sr

Pb

cu

Cr

15.2
159.6
25.8

1

45.8
101.3

164.8
22.8

28.0
b

22.1
504

17.3

2.0

47.3
62.1

100.6

283.7

1.2

73.9

255.0
137.2

15.5

225.1
24.6

8.2

97.2
18.6

82.0

197.2
33.9

136.7
21.0

3.1

80.2
33.8
40.1

111.4
189 6

5.9

73.0

1.5

5.4

2.1
9.3

17

269 4

5.1

129.0
101

e - olkalic

old Kaikohe - high-A1

olkolic

Andesite

48

am trace as

Total +
0

e
1 , I ,+ I

l a v a s i n bo th t h e s e areas is needed to
age-pe trends. However, a t least a t
Whangarei, t h e o l d e r l a v a s (one d a t e of 2.3

appear t o be p a r t l y o l d Kaikohe
volcanism, b u t o f t h o l e i i t i c composition. This
cons ide red as evidence f o r a s e p a r a t e magma source for
Whangarei volcanism, t h e o n s e t of which may pre- date
t h a t of Kaikohe.
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b a s a l t groups were not always apparen t from assessment
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(F ig For Kafkohe volcanism r a t i o s are

s i m i l a r but S r is enr i ched i n t h e younger
( a l k a l f c ) b a s a l t s . A similar t r e n d is ev iden t f o r
Whangarei b a s a l t s , wi th the (?) younger more a l k a l f c
b a s a l t s being enr iched Sr . From both a l k a l i - s i l i c a
and vs p l o t s the Te Pua a n d e s i t e appears t o
have a petrochemical r e l a t i o n t o t h e o l d e r
Kaikohe b a s a l t s . The Kaeo volcanism b a s a l t s have
s i m i l a r Sr c o n t e n t s t o younger Kaikohe (and Whangarei)
but have very high r a t i o s and are d i s t i n c t l y
enrfched i n K and dep le ted in Whangarei l a v a s

have the lowest K c o n t e n t s , a s noted by Heming
Kaeo samples 6 and 14 and young Kafkohe

sample 36 have r a t i o s ; 6 and 36 a r e a t
t h e p e r i p h e r i e s of the Kaikohe block, and 14 i s a t

e a s t e r n ex t remi ty . Sample 21, a Kaikohe Horeke
flow p l o t s a s high-A1 i n Ffgure but i n F igure

w i t h i n t h e young Kaikohe group. Th i s could
poss fb ly sugges t t h a t i t is temporal ly t r a n s i t i o n a l
between o l d and young Kafkohe. Most Northland
Quaternary b a s a l t s tend t o f a l l a long a cons tan t Sr vs

t rend 5); those from t he South Auckland
( R a f f e r t y and 1979 ) f a l l on t h i s l i n e a t
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Var ia t ion diagrams f o r major ox ides vs
for samples i n Table 1. Bell and Clarke (1909)
a n a l y s e s are no t included, nor a n a l y s e s of
Mulheim which are low.
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Assessment of Ba contents and ratios shows that
the Kaikohe basalts have similar values but that the

basalts are depleted in Ba contents
basalts are typically 40-250 ppo and in Kaeo

basalts 0-80 ppm. Ba contents in Whangarei-Puhipuhi
basalts do not show a consistent trend between
tholeiites and more alkalic basalts, and range from 0
to 234

Sr

Old Kaikohe (high

39 Rhyolite
I

800 1200

Fig.5. Sr vs plot for Kaikohe and Kaeo samples.
Grouping of Whangarei samples is based on
from Heming
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Fig.6. vs K plot for Kaeo and Kaikohe samples.
Grouping of Whangarei samples is based on analyses
from Heming a) the (?)younger high-Al and
alkalic sample group partly overlaps the Kaikohe
samples. Grouping of continental tholeiites and alk-
a l i basalts is from Lo and (1976).

DISCUSSION

For the Kaikohe area the petrochemical characteristics 
shown above tend to confirm the relative ages assigned
to the lavas by previous mapping. The order of ages
at Whangarei-Puhipuhi is less clear and still open to
examination, the basalts these areas being more
complex chemically. On a broader scale the compos-
itions of the indicated early basalts each area
presumably that the supplying magma
(assuming, as considered Stipp (1968) and

that crustal is An
interpretatton is of partly contemporaneous

volcanism (Horeke) within the Kaikohe block and the
Kaeo area. Age considerations suggest that Kaeo
volcanism then waned, but there was a resurgence of
Kaikohe volcanism less than 0.5 ago) with a
compositional change from high-A1 to alkali.

Magma batches of different composition are consistent
with the upwelling diapir model proposed by
(1980, b). However, this current assessment indicates
a reverse order in time of basalt composition to that
described by of older lavas as predom-
inantly alkalic and younger as tholeiitic.

Considered of importance is the spatial association of
the eruptive areas to major structures on which
significant vertical movement has taken place. A
general scheme of evolution proposed of

below the whole area followed by the onset
of tensional stresses along fault systems allowing the
formation of possibly three mantle diapirs. Melts of
basaltic composition rising the diapirs below
Whangarei and Kaikohe may have resided temporarily in
small "magma chambers' before passing through
shallower conduits to erupt at the surface. .

Within the Kaikohe block a compositional sequence of
eruptions is indicated: basalt, high
hypersthene-augite andesite, alkali basalt and finally
peralkaline rhyolite. The change i n composition of
the basaltic magma could be produced by varying
degrees of partial melting at increasing depth; the
andesite and rhyolite from fractionation
within chambers in the diapir of high-Al and alkalfc
magma, respectively. A fractionation formation of
rhyolite is supported by the very low content of Sr,
absence of Ba and high contents of incompatible ele-
ments such as Th et al., 1977). Rhyolite
emplacement was possibly contemporaneous with isolated

eruptions at the of the
block to the south, and Te Puke in the east).

The conclusion of Heming (1979) that the most feasible
heat source for Ngawha is an unerupted rhyolite mass,
younger than the Putahi rhyolite is considered valid.
The existing thermal regime at Ngawha and the young
determined Taheke age of Te Puke indicate that the
most recent volcanism in northern Northland was within
the Kaikohe block.

For the Kaeo volcanism, the available data suggest one
petrochemical episode of limited partial melting
derived from a mantle diapir already depleted in the
dispersed elements such as Rb, Ba and Sr. These Kaeo
basalts do not follow trace element trends of most
continental tholeiites and alkali basalts Lo and
Coles, 1976). A compositional sequence of eruptions
is also evident for Whangarei and Puhipuhi, but of a
more complex nature, as tholeiites, high-A1 and alkali
basalts apparently occur both areas. Additionally,
a rhyolite of probable Quaternary age occurs at

The high contents of all these basalts
suggests the melts were derived from relatively
shallow depths Green, 1970) which is considered
the case by Heming The indicated general
trend based on petrochemical type of the earliest
basalt in each area is of a change from south to north
from tholeiite, to high-Al, to alkali composition.
Such a compositional change was found in Japan to be
related to distance from the trench and an associated
increase in depth to the Benioff zone (Kuno, 1960).
Experimental work Green, 1970; Ringwood, 1975)
also supports a likely Increasing depth of formation
for basalt types in this order, here south to north.
Such an increase in depth for these areas may also be
reflected by the increase northward in the ratio:

andKaikohe-300-500
Kaeo-600-2099. The younger basalts both Kaikohe
and Whangarei-Puhipuhi areas tend to have slightly
higher than the older lavas.
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CONCLUSION

In summary, it can be shown that the youngest
volcanism in northern Northland is associated with an
ENE- trending structural block, bounded by major
faults on which significant vertical movement has
taken place. of these volcanic rocks
indicates that they are derived from a separate magma
to the basalt fields to the north and south. Partial
melting at different depths is considered to be the
dominant process producing the observed sequence of

types. For volcanism crystal fraction-
ation of the resulting different is considered
the probable which produced the Pua
andesite and Putahi rhyolite. The youngest activity
was possibly contemporaneous intrusion of rhyolites in
the centre of the structural block, and basalt
eruptions in several peripheral locations. This young
activity is evidenced by the current thermal regime
which has formed the Ngawha geothermal system, which
is considered to result from remnant heat in a
solidified, unerupted rhyolitic body. The depth of
formation of initial magma types for Whangarei-
Puhipuhi, Kaikohe and Kaeo volcanism is indicated to
become deeper northwards.
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