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THE STRUCTURE OF THE LOWER MESOZOIC 
ROCKS IN THE PORIRUA DISTRICT 

By B. D. \VEBBY, Geology Department, Victoria University of 
Wellington 

(Received for publication, 22 Dece1llber 1958) 

Summary 

The well indurated greywacke-argiJlite rocks of the Porirua district have 
been subjected to strong folding foJlowed by more than one period of intense 
faulting and fracturing. The main axis of flexural folding trends NNE-NE and 
plunges 14° to 17° NE. Numerous small-scale fold; are described. They exhibit 
a wide range of forms: from open, symmetrical, and faulted fold; to isoclinal 
folds. A few localized folds, described as incongruous, have axes that cut across 
the NNE-NE trending regiOl:al fold axis. 

Faults are classified, on the basis of certain field criteria, into two broad age 
groups, early and late. The early faults include tho;e associated with folding and 
those formed during subsequent episodes of faulting. Late faults comprise those 
that have been active during and possibly wmewhat prior to the Quaternary. 

INTRODUCTION 

The alternating greywacke and argillite strata in the Porirua district 
are well indurated, intensely fractured, and have a predominant strike 
varying from 10° to 50° east of north (Fig. 1). GeneraIly the strata 
are steeply dipping and commonly overturned. Bed facings (Webby, 
1959) are predominantly to the west. Numerous smaIl-scale folds, 
observed in coastal sequences near Titahi Bay, indicate that the rocks 
are tightly folded. Since their folding, the rocks have been subjected 
to faulting of more than one age. 

Quennell (1938) described a number of faults in the Porirua dis-
trict, on the basis of their geomorphic expression. One of these, the 
Owhariu Fault, has subsequently been referred to by Adkin (1951; 
1954), Lensen, Stevens and WeIlman (1956), and Lensen (1958). 

FOLDING 

Statistical analyses, by a method developed by Sander (1948), and 
used by Weiss (1954) and Brothers (1956), have revealed that there 
is a single fold axis* in the Porirua rocks west of the Owhariu Fault. 
The intersections of bedding planes were plotted on a lower hemisphere 
projection of an equal area net, and the density of distribution of plots 
contoured (Fig. 2a). The pronounced maximum, which represents the 

*The fold axis is defined by Wegmann (1929) and re-stated by Clark and McIntyre 
. (1951, p. 594) as follows: "The axis of a fold is defined as the nearest approxi-
mation to the line, which, moved parallel to itself in ;pace, generates the fold." 

N.Z. J. Ceol. Ceophys. 2. 528-40. 



1959] 

w .... 
< 
u 
'" 

o 

'" o 6 
z 
< .... 
~ 

\VEBBy-LoWER lVLESOZOIC STRl'CTl'RE 

0 
Z 
u.J 
lJ 
u.J 
....J 

. 
i' 

z( 

529 

... w 

'" 
t u c 

.l!. 0 ... c ... ~~ w O.l!. .. 

fold axis, trends 040° and plunges 17° NE. The poles of bedding 
planes were also plotted, and a great circle drawn through their maxi-
mum density (Fig. 2b). The fold axis is represented by the pole of the 
great circle. It ,trends 034° and plunges 14° NE. Similar trends and 
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FIG. 2(a).-Contour diagram of the interccction3 of bedding planes at Titahi Bay, 
calculated on 2,145 plots. Contours at 9%, 5%, 3%, 2%, and ~% per 
1 % area. 

FIG. 2 (b) .-Lower hemisphere projection of poles of bedding planes at Titahi Bay. 
128 plots. 

plunges are recorded from the majority of small-scale folds (see 
below). 

The pattern of folding is illustrated by \VNW-ESE cross-sections: 
A-A' to the north, and B-B' to the south of Titahi Bay (Fig: 3). 
These cross-sections were constructed fr0111 detailed mapping of coastal 
exposures and actual observation of the folds. In both cross-sections 
the strata are strongly folded, although more strongly in B-B' than 
in A-A'. The folds plunge gently NE, and have axial planes that are 
almost vertical in cross-section A-A', and dip 60 0 to 700 SE in cross-
section B-B'. 

Description of Folds 
The folds described in the following account are arranged in an 

approximate order of increasing complexity. 
An open, symmetrical and faulted anticline is exposed along the 

coast, north of Titahi Bay (Fig. 3, FI; Fig. 4). The plunge of this 
fold gradually changes when traced for 250 yards along its trend. 
Towards the north the folel axis has a gentle NNE plunge, and to 
the south a gentle SSW plunge. The folel flexes a sequence of thick 
graded beds intercalated with thin beds. During folding the zones of 
thin beds, 'which contain wavy bedding anel bedding-plane faulting, 
were relatively incompetent between the thick, competent beds. 

A faulted, slightly asymmetric syncline (F2), more strongly folded 
than FI, was observed 35 yards east of anticline Fl. The syncline 
trends 0200 and plunges 10 0 NNE. 
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FIG. 4.-An open, symmetrical and faulted anticline (Fl) exposed on the coast 
north of Titahi Bay. 

FIG. S.-An S fold exposed at Te Paokopo. 
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Syncline F2 is followed, approximately 150 yards eastwards, by 
another open, symmetrical anticline (F3)" The anticline, which occurs 
in thick graded beds, has a gentle NNE plunge. Between F2 and F3 
there is a minor faulted S fold. 

An S fold is exposed in the coastal cliff at Te Paokapo, near Titahi 
Bay (N160/387445) (Fig. 5). The axial plane of this fold dips steeply 
east, and the plunge is 5° NNE. Fracturing and small-scale faulting 
are particularly noticeable in the flexed portion of the S fold. 

Nearby, another S fold crops out (NI60/388442) , more strongly 
folded and recumbent ,vith an overturned middle limb. The fold plunges 
gently NNE, an'<l the axial plane dips 200E. A small fault dipping 
55 ° E parallels the ,bedding in the overturned limb. 

A small compact S, fold (Fig. 6) was observed at Rock Point 
(NI60/347408). The fold occurs in very thin overturned strata. Its 
axis has a 015° trend, no plunge, and its axial plane dips 72° E. 

A typical example of the tight folding which characterizes the thinly 
bedded strata on the coast south of Titahi Bay is a narrow, asymmetric 
syncline (Fig. 3, F4; Fig. 7). Its axis trends 043° and plunges 25° NE. 
The axial plane of the fold dips steeply (66° SE). The south-eastern 
flank of the folel is overturned and dips 79° SE, and the north-western 
flank dips 54° SE. 

The tightest folding observed is represented by a rather complex 
fold (F 5). which is also exposed in the thin graded beds on the coast 
south of Titahi Bay (Fig. 8). The strata are overturned on both sides 
of the fold, as deduced from a careful study of graded bedding. Thus, 
the structure is a plunging. asymmetric, faulted S fold. Both anti-
clinal and synclinal portions of the S fold are complicated by faulting. 

Incongruolls Folds 

A few folds in the region west of the Owhariu Fault have axes that 
cut across the NNE-NE trending regional fold axis. Two of these 
were studied in detail. The axis of an S fold exposed north of Titahi 
Bay (N160/388446) trends 065° and plunges 20° W, and is surrounded 
by strata that strike NE and dip 70° to 80° NW. Field observation of 
the fold suggests that it developed prior to regional folding about 
a N NE-NE trending axis. If this is so. then the fold originally had a 
recumbent form, an axis with a trend of about 070° and a gentle 
plunge to the east. 

Another S fold is situated between th<.: anticline Fl and the syncline 
F2, on the coast north of Titahi Bay (NI60/391449). This fold bas 
a vertical axis. The axial planes of the S folel, as seen un the coastal 
wave-cut platform, strike 160°. Eastwards across the trough of syncline 
F2 there is an intensely ddormed zone. This zone may represent a 
continuation of the S fold present in the eastern flank of syncline F2. 
In this area, the regional folding \\"CiS probably superimposed 011 an 
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FIG. 6.-An S fold exposed at Rock Point. 

FIG. 7.-A syncline (F4) exposed on the south coast of Titahi Bay. 
Professor R. H. Clar!?, photQ 
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FIG. 8.-A fa ulted S {oid ( FS ) exposed on the south coast of Titahi Bay. 

earlier recumbent overfold, the axis of which had an original NW trend 
and little or no plunge. 

F ea-tures Associated with the Folding 

The sediments, which have formed grey wacke and argillite respec-
tively, have possessed differing degrees of competency under a uni-
form stress condition. In a graded bed, the greywacke uni t ( relatively 
competent) has been folded mainly by concentric shear along bedding 
planes, as shown by slickensiding and bedding plane faults. The argillite 
unit (relatively incompetent) has been folded mainly by irregular slip 
along a multitude of parallel shear planes oblique to bedding-fracture 
cleavage. 

DISCUSSIO N OF FOLDING 

Notwithstanding tbe localized nature of tbe area studied , the exposed 
folds exhibit wide variations in shape and size. If a uniform stress 
condition acted during the folding, variations in sbape and size may 
be the resul t of differential competencies in the rocks. For example, 
the broad , open fold s FI, F2, and F3 are developed in thick beds inter-
spersed with thin (relat ively competent), and the tight folds shown in 
cross-sections B-B' are in thin graded bedding (relatively incompetent). 



536 N.z. JOURNAL OF GEOLOGY AND GEOPHYSICS [ACGus'[' 

Alternatively, the folds may vary in shape and size because during fold-
ing differential stresses acted on the beds undergoing deformation. 

The exposed folds also exhibit small variations in orientation. Some 
of these may be the result of subsequent faulting and associated tilting. 
It was noted that the axes of the folds at the coast south of Titahi Bay 
plunge up t~ 25° NE, and north of Titahi Bay axes of folds usually 
plunge 15° NNE. Differential tilting associated with recent faulting, 
as deduced from the present surface expression of K Surface remnants 
(Cotton, 1957) directly north and south of Titahi Bay, may account 
for at least 5° of the difference in plunge. 

In general, the folds exhibit a range of forms frol11 concentric folds 
displaying fracture cleavage in the argillite to isoclinal folds. Most of 
the slip during folding was along bedding planes, and to a lesser extent 
along a l11ulti'.ude of internal shear planes in ,the argillites. 

At present only a very tentative explanation for the origin of the 
incongruous S folds can be given. The folds are small, localized, 
originally recumbent and with varying original axial trends. These 
four factors, when considered coJlectively, suggest that the incongruous 
folds originated hy gravity slumping. The type of slump fold envisaged 
is a "paralloid fold" (\N aterhouse and Bradley, 1957). Another possible 
interpretation for their origin is hy overthrusting. The localized nature 
of the folds, however, and the varying trends are opposed to this latter 
vIew. 

There are fevv detailed accounts of "Alpine Facies" folds availahle 
for comparison. Brodie (1953) described a large inverted overturned 
syncline on the south coast of the \ Veiling ton Peninsula. Recent observa-
tions by Waterhouse (1955), and LiJlie, Gunn, and Robinson (1957) 
in the Southern Alps indicate isoclinally folded strata mainly trending 
between NNE and NE. The major isoclinal folds from the Alpine 
region. though on the whole larger, have a form directly comparable 
with numerous folds describecl in this account. 

FAULTING 

The faulting is classified as either early or late, on the basis of field 
criteria. Early faulting is indicated by indurated autoclastic breccias, 
cemented fault planes, and stretched and bent bedding adjacent to 
faults. In contrast, late faulting is indicated by soft pug in crush zones, 
fault planes not cemented, bedding sharply truncated by faults, weathered 
and unweathered strata in fault contact, faulted superficial (Quaternary) 
deposits, amI the geomorphic expression of recent faults. Brodie (1953) 
also distinguished t\\'o periods of faulting in the greywackes and argil-
lites on the south coast of the 'Wellington Peninsula. 

Numerous small-scale lateral fault displacements were measured in 
'l1ertical strata near Titahi Bay. These have been grouped, on the above 
field criteria, as early or late. In addition, displacements have been 
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classed as sinistral or dextral , on t he assumption. that the faults were 
transcurrent. The results are shown graphically in Fig. 9. It must be 
stressed that where faults st rike hetween 01 0° anc! 055 ° (predominant 
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strike of strata) no displacements can be observed, as such faults are 
parallel to bedding. Hence, though such faults may be observed, they 
cannot be represented in the graphs because the nature of their displace-
ments is unknown. 

The late faults are transcurrent, and fall into two groups: those with 
strikes between 65° and 105° are dextral; those with strikes between 
115° and 195° are! sinistral. It is probable that there are many late, 
dextral faults which parallel the strata, unrepresented in the graph. 
The graph of early faults does not show a pattern consistent with 
transcurrent faulting. It is suggested that these faults developed prior 
to a major' rotation of the strata into a vertical attitude. 

Description of Early Faults 
Bedding plane faulting is commonly present in the alternating strata. 

Such faults are usually situated in the argillite units, near the abrupt 
contacts between successive graded beds. Bedding plane faults may have 
narrow crush zones up to 8 cm wide that have been cemented with 
quartz. 

A coastal cliff explosure just east of Rock Point (NI60/352413), 
contains an indurated autoclastic breccia, which may have developed 
in a crush zone of a large ancient fault (Fig. 1). The autoclastic 
breccia is almost as thoroughly indurated as typical Wellington grey-
wacke, and is composed of irregular crudely aligned angular fragmt'nts 
of (vein) quartz and greywacke (pebbles up to 5 cm diameter). In 
the region associated with the autoc1astic breccia, the greywackes and 
argillites contain nU111erous veins of quartz and some of calcite. 

Veining 
Veins* are generally rare in the greywacke-argillite rocks of the 

Porirua district, but are not unC0111mon in localized areas formerly sub-
jected to intense shearing. The veins are up to 6 C111 thick and contain 
quartz or, rarely, calcite. 

Vein lets are fairly co 111111 011 in the rocks, particularly in the grey-
wackes. They are heavily concentrated in localized areas. Veinlets 
studied in thin section contain mainly quartz. A few veinlets of prehnite 
were also recognized. Brothers (1956, p. 478) noted tha1t "prehnite 
typically occurs in sandstone members of the Auckland rocks where 
solutions rich in Ca and Si, have crystallized in tension 
fractures". 

Description of Late Faults 
In the Porirua dis,trict numerous late faults were observed, from the 

small-scale displacements of gradEd heds, to the "major" transcurrent 

* An arbitrary figure of 1 cm is taken as' the thickness boundary between veins and 
veinlets. 
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Owhariu Fault (Lensen, 1958) with a crush zone 20'0 ft in width. 
The exposed crush zone of the Owhariu Fault (Fig. 1) consists of 

extensively shattered and brecciated rock fragments incorporated in a 
soft blue pug. Large elongated slivers of brown weathered greywacke 
were observed in the pug. The presence of these infaulted slivers within 
the crush zone confirms that the movements were comparatively recent. 
The slivers are irregularly aligned in a direction parallel to the topo-
graphic expression of the Owhariu Fault. 

On the coast south of Titahi Bay, a small fault (which cuts across 
the line of section B-B'-see Fig. 1) has brought weathered and fresh 
rock into juxtaposition along the fault plane. The fault is vertical, and 
it strikes 057°. The estimated throw is 30 ft with the downthrown 
side to the SE. 

DISCUSSION OF FAULTING 

Early faulting accompanied the regional folding and was followed 
by further episodes of early faulting which produced the autoc1astic 
breccia and some faults with cemented fault planes. Brodie (1953, p. 
223) pointed out that the greywacke-argillite rocks at the south coast 
of the Wellington Peninsula, which were subjected to early faulting, 
must have been "buried deeply enough to permit cementation of the 
shattered rock with networks of quartz veins and to allow complete 
induration of the shattered material". The Porirua rocks were probably 
similarly buried during the early faulting period. In general. the folding 
and early faulting in the Porirua district may be considered to belong 
to the widespread deformation known as the post-Hokonui Orogeny. 

Between the early faulting period and the late faulting period there 
was a large time interval, possibly represented in the Porirua district 
by a reduced intensity of deformation, and perhaps rotation of strata. 

Late faults have been active at least during the Quaternary (Webby, 
1958). Small-scale late faulting is probably directly related to trans-
current movement on "major" faults such as th~ Owhariu Fault. 
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