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This short and concise manuscript describes fractures in the hangingwall of the Alpine fault. It is very 
well written and illustrated (assuming that the quality of the real images is much better than the ones 
in the pdf), and contains some useful data. One of the conclusions about the width of the damage 
zone and how it is defined is well supported by the data. 
 
#1 One question concerns the attribution of the open fractures to low confining pressures. It is argued 
that the type of fracture varies independently of rock type and therefore that confining pressure must 
be an additional variable. However, there are other factors that can affect fracture styles, most notably 
pore fluid pressure. The presence of an open fracture alone does not mean that it formed under low 
confining pressures (though it is quite possible). 
 
The	hypothesis	that	fractures	are	kept	open	by	the	high	pore	fluid	pressures	around	the	Alpine	Fault	is	an	
interesting	idea;	not	least	as	the	DFDP-2B	boreholes	demonstrated	that	these	fractures	do	transmit	fluids	
(Townend	et	al	2018).	If	such	a	zone	existed	though,	then	it	would	be	anticipated	that	it	would	be	
encompassed	within	the	Low	Velocity	Zone	(LVZ)	around	the	Alpine	Fault	and	be	detected	by	FZGW,	since	
pressurised	fluids	can	strongly	attenuate	seismic	velocities	(e.g.	Nur	and	Simmons	1969,	Jones	and	Nur	1984,	
Christensen	1989,	Eberhart-Phillips	et	al	1995).	However,	this	is	not	the	case	as	the	Alpine	Fault	LVZ	is	
reported	to	be	60-200	m	wide	(Eccles	et	al	2015).	Consequently,	this	network	of	open	fracture	cannot	have	
contributed	to	the	LVZ;	hence	our	interpretation	that	this	is	a	near-surface	phenomena	(Lines	363-365).	
Furthermore,	if	these	fractures	were	kept	open	by	high	pore	fluid	pressure,	then	one	might	expect	to	some	
evidence	of	fracture	mineralisation.	However,	extensive	mineralisation	is	only	observed	within	<50	m	of	the	
Alpine	Fault	(Williams	et	al	2017).	See	also	comment	#1	by	reviewer	#1	
 
#2 This discussion highlights a related issue: what are the kinematics of the fractures? This is one 
area of weakness in the descriptions. Presumably the gouge filled fractures have a shear 
displacement, but how much and in what directions? What about the open fractures? Do they have 
any fractographic features giving information on the fracture type? What do the variety of orientations 
of the gouge filled fractures mean for paleostress? What is their relation to seismicity? Could the 
differences between the fractures be simply that the open fractures are mode I and the gouge-filled, 
othermodes? Would this necessarily imply lower pressures? 
	
The	omission	of	information	regarding	the	kinematics	of	these	fractures	can	be	readily	corrected	in	a	
revisited	manuscript	using	data	collected	in	this	study	and	previous	work.	Though	offset	markers	across	
gouge-filled	fractures	(particularly	those	<1	cm	thick)	are	rarely	observed	in	our	dataset,	where	they	are	
present,	reverse	offset	is	most	frequently	noted	(Figure	8f).	This	is	comparable	to	previous	field	studies	
(Cooper	and	Norris	1994,	Norris	and	Cooper	1997)	and	descriptions	of	DFDP-1	core	(Toy	et	al	2015).	
Furthermore,	these	studies	note	steeply	dipping	fractures	with	strike-slip	slickenside	lineations	(Norris	and	
Cooper	1997)	and	a	small	population	of	gouge-filled	shears	with	normal	dip-slip	(Cooper	and	Norris	1994).	
Using	high	resolution	airborne	LiDAR,	subsidiary	dextral	and	dextral-normal	faults	within	the	Alpine	Fault	
thrust	sheets	have	also	been	mapped	(Barth	et	al	2012).	
	
These	observations	thus	indicate	that	these	fractures	exhibit	a	range	of	shear-senses.	This	may	be	linked	to	
the	complex	interaction	between	the	transpressional	strain	accommodated	across	the	Alpine	Fault	and	the	
near-surface	topographic	stresses	(Norris	and	Cooper	1995,	Upton	et	al	2017).	Furthermore,	it	is	quite	
possible	that	these	fractures	formed	under	a	dynamic	co-seismic	stress	state	that	is	quite	different	to	the	
background	static	state	(see	also	comment	#2	by	reviewer	#1).		
	
Consequently,	though	we	recognise	the	value	of	using	gouge-filled	fracture	orientations	to	obtain	
paleostresses	orientations	around	the	Alpine	Fault,	we	consider	that	the	range	of	fracture	orientations,	shear	
senses,	and	a	stress	state,	which	varies	both	spatially	and	temporally,	prohibits	such	analysis.	We	also	note	
that	previous	attempts	to	use	fracture	orientations	to	derive	stress	orientations	around	the	Alpine	Fault	have	
been	unsuccessful	(Snee	et	al.	2014).	This	was	interpreted	to	be	because	it	is:	(1)	a	reactivated	structure	and	
(2)	hosted	in	anisotropic	rock.		
	
With	regards	to	the	open	fractures,	no	evidence	of	shear	across	them	is	observed.	This	supports	the	idea	that	
they	truly	represent	extensional	Mode	I	fractures	and	can	be	termed	joints.	However,	given	that	foliation,	not	



stress,	likely	governs	their	orientation	(see	comment	#1	by	reviewer	#1),	these	also	cannot	be	used	as	
paleostress	indicators	
 
No doubt some of these questions are answered elsewhere or in the process of being answered, but 
they are relevant to this manuscript. In general it would, however, be good to have a more description 
of the fractures.  
 
The scan line methodology needs some further justification in the light of recent literature about the 
circular scan line technique. 
 
We	concede	that	circular	scan	lines	are	a	superior	way	of	quantitatively	assessing	fracturing	at	the	outcrop	
scale	(as	well	document	in	Watkins	et	al	2015),	however,	the	outcrops	across	our	stream	transects	did	not	
lend	themselves	to	this	strategy	for	the	following	reasons:	
	

1.) All	transects	were	across	(sub)	vertical	cliff	faces,	whereas	the	circular	scan	line	technique	is	best	
suited	to	flat	outcrops.	If	undertaking	a	circular	scan	line,	the	maximum	diameter	would	be	2-3	m,	
as	it	is	limited	by	the	height	with	which	one	could	accurately	measure	fracture	orientations	and	fill	
from	a	cliff	face.	By	contrast,	a	<20	m	long	scanline	along	the	cliffs	base	(see	figure	below)	would	
contain	far	more	information.	
	

2.) The	cliff	faces	are	themselves	covered	in	debris	or	highly	friable	rock.	However,	the	base	of	the	
exposures	are	“cleaned”	when	the	streams	are	in	flood,	and	so	still	provide	good	quality	exposure	
(see	figure	below).	Consequently,	a	long	scan-line	along	the	cliff	bases	will	provide	the	best	
information	on	the	fracturing	at	these	outcrops.	

	
In	future,	we	recognise	that	quantitative	analysis	of	fracturing	may	be	improved	by	3D	photogrammetry	
models	or	FracPraQ	software	(Healy	et	al	2017;	n.b.	this	work	flow	was	not	published	until	after	we	
conducted	our	fieldwork	in	2015-16).	
	

	 	
	
Outcrop	used	for	(left)	Havelock	Creek	transect	2	and	(right)	Stony	Creek	transect	2,	illustrating	that	the	highest	quality	
exposure	lies	along	the	base	of	the	cliff.	This	illustrates	why	a	linear	transect	provides	the	best	opportunity	for	collecting	
quantitative	fracture	data	at	these	outcrops.	
 
Comments line by line 
 
Line 189-190: Is this valid? What is the relationship between these faults and the Alpine fault? What is 
they are also part of the damage zone? 
 
We	consider	these	faults	to	be	representative	of	regional	deformation	in	the	Alpine	Faults	hanging-wall	
(discussed	at	Lines	379-382),	not	the	Alpine	Fault	damage	zone	per	se	(as	also	addressed	at	for	reviewer	1’s	
comments	for	lines	269-274	and	379).	Although	clearly	the	crust	is	highly	deformed	for	km’s	into	the	Alpine	
Fault	‘s	hanging-wall	(as	one	would	expect	for	the	crust	next	to	a	plate	boundary	fault!!),	the	density	of	these	
structures	is	particularly	high	only	within	160	m	of	the	fault	and	it	is	this	zone	that	represents	the	damage	



zone	(or	inner	damage	zone	as	defined	in	Townend	et	al	2018).	This	can	be	clarified	in	the	revised	
manuscript. 
 
Line 204: Was there any way to check on the validity of these results e.g. compare some nearby 
surface orientations? 
 
Yes,	the	orientation	of	foliation,	joints	and	fractures	were	subsequently	measured	in	the	Amethsyt	Tunnel	
itself	(Savage	2013),	which	was	completed	after	the	boreholes,	and	are	broadly	consistent	with	our	results	
(i.e.	foliation	dips	SSE,	and	fractures	and	faults	are	parallel	to	it).	We	can	include	their	observation	in	the	
revised	manuscript. 
 
Line 230: Is this corrected 
 
These	measurements	have	been	corrected	for	orientation	bias,	and	this	can	be	explained	in	the	revised	
manuscript. 
 
Line 308: How is the confining pressure at which the fractures formed determined? 
 
We	apologise	that	our	writing	was	unclear,	this	was	only	meant	to	be	in	a	qualitative	sense.	The	evidence	for	
this	interpretation	is	discussed	in	our	replies	to	comment	#	1	by	reviewer	1	and	comment	#1	by	this	
reviewer. 
 
Figure 4: I hope that the quality of these images is better than the ones in the pdf, which are so poor 
that the fractures are entirely unconvincing.  
 
As	noted	for	other	comments,	the	original	version	of	this	figure	has	a	much	higher	resolution,	and	this	will	
presumably	the	case	at	the	final	publication	state.	
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