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Methane-derived authigenic carbonates (MDAC's) in East Coast Basin, New 

Zealand: Miocene hydrocarbon seep-carbonate systems

Slabby and nodular 

micritic carbonate in 

mudstone below 

seep limestone, 

Karikarihuata.

Worm tubes in seep limestone, 

Ugly Hill.

Fossil vesicomyids in seep 

limestone, Ugly Hill.

Doughnut 

concretions 

aligned on faults 

and joints, East 

Cape, (aerial 

photo of 1.1 in 

C).

Large tubular 

concretion 

(dashed line) 

along a fault plane 

with doughnut 

concretion (red 

arrows) at end 

which delineate 

fluid ascent 

pathways, East 

Cape.

Doughnut 

concretion broken 

by fault (dashed 

line), fault shear 

zone visible (see 

2 in C).

Waipawa Black 

Shale (Paleocene), 

possible source rock 

for seep systems.

Nodular and pipe-

like concretions in 

mudstone just below 

the ancient seafloor 

limestones at Rocky 

Knob.

Exhumed tubular concretions from the 

seafloor, Hikurangi Margin.

Large spar-filled conduit vein in seep 

limestone, Rocky Knob.

Tube worms and bacterial mats  

Vesicomyids (e.g. Calyptogena) 

Lucinid and Solemyid bivalves 

Hydro-fracturing

Gas hydrates

Authigenic carbonate formed at or near 

sediment-water interface

Tubular concretions formed from carbonate 

precipitation in the subsurface (burial depths 

of centimeters to up to a kilometer)

Mud and brecciated clasts

Combinations or overprinting of 

features may result due to 

changes in fluid migration 

pathways, flow rates, and 

depositional / burial 

environment through time

B. Fluid Migration and Cold Seep Development: A Schematic Model
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1.3 - East Coast Basin Stratigraphy

Slope (organic mudstone) Basement greywacke 

Terrestrial to shallow marine 
(sst ± conglom ± coal measures)

Shelf (sandstone + mudstone)

Shelf-slope (limestone)

Seep limestone

Slope-basin (mudstone)

Slope-basin (redeposited sandstone)Slope (marl)

Tubular concretions
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Upstanding knolls formed by New Zealand's 

largest seep limestone, Rocky Knob (close-up 

in 1.2 in D). 
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1.1 - Taranaki Basin Stratigraphy

Egmont Volcanics

Slope (organic mudstone)

Basement greywacke 

Basement granitoids

Terrestrial (coal measures)

Terrestrial to shallow marine 
(sst ± conglom ± coal measures)

Shelf (sandstone + mudstone)
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Slope-basin (redeposited volcaniclastics)

Volcanics (andesitic)

Tubular concretions

O
il

- 
a

n
d

 g
a

s
-p

ro
n

e
 t

h
e

rm
o

g
e

n
ic

 

s
o

u
rc

e
 r

o
c

k
s

P
o

s
s

ib
le

 b
io

g
e

n
ic

 

s
o

u
rc

e
 r

o
c

k
s

Submarine 

landslide and 

erosional scar
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diapirs

Mud 

volcano

Methane production via 

methanotrophic 

microorganisms

Fau
lt

Chemosynthesis-based communities

Exhumed tubular 

concretionsMass transported 

tubular 

concretions

Slope 

destabilization 

Thermogenic oil and gas

Gas escape into 

water column 

Upward 

migration
Increased 

buoyancy

Reduced 

density
Gas bubble 

growth

Stress reduction 

and pressure 

decrease

Driving forces of seep system 
 Overpressure, buoyancy and 

migration pathways result in fluid 

ascent

Scale not implied

Polygonal 

faults

Pockmarks aligned 

along faults

Shallow subsurface:   

Anaerobic oxidation of methane via methanotrophic 

Archaea and sulfate-reducing bacteria

CH4 + SO4
2- � HCO3

- + H2O + HS- 

Carbonate precipitation

xMg2++ yCa2+ + HCO3
- 
� MgCaCO3

 + H2O 

2CH2O � CH4
 + CO2  

Gas hydrates
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Fluid migration

Adjacent images       to       show some North Island field features and their inferred link to the cold seep system illustrated in above model 1 12

1. Goals: Deep-water mudrocks 

of Miocene age in Taranaki Basin (TB) 

and East Coast Basin (ECB), North 

Island, New Zealand, include discrete 

occurrences of unusual limestone bodies 

and tubular concretions, respectively 

interpreted to be paleo-seafloor deposits 

and subsurface plumbing networks of 

ancient hydrocarbon seep-carbonate 

systems. This ongoing study will evaluate 

the significance of these fluid-flow 

carbonate features as tracers of 

hydrocarbon migration in time and space, 

and their impact on sedimentary basin 

development.  This poster focuses 

primarily on the East Coast Basin 

occurrences. 

1.2 - Seep Carbonate Features, East Coast Basin

7

Diagram developed from Clari et al. (2004); Campbell (2006); Judd and Hovland (2007)
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Plumbing system exposed underneath 

a seep limestone, Rocky Knob (see 

1.2 in D). 

Mesozoic basement 
rocks

Known bottom 
simulating reflectors 
(BSRs) offshore 
eastern North Island

Neogene tubular 
carbonate concretion 
localities (see B)

Miocene seep 
limestone localities 
(see C)

Some major 
onshore oil and gas 
seeps, ECB

Offshore modern 

seep-carbonates ± 
concretions

Well locations, ECB
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1.2 - Teardrop-shaped tubular concretions emerging from rapidly 

eroding massive slope mudstone of Whangaehu Formation at 

Cape Turnagain. A variety of 'normal' and tubular concretions 

litter the back-beach.

2.1 - Bulbous teardrop, 

Cape Turnagain.

2.3 - Tortuous pipe, 

Cape Turnagain.

2.4 - Doughnut, East Cape.

3.1 - Doublet  

tubular 

concretion 

supporting 

three internal 

open conduits, 

Cape 

Turnagain

3.4 - Sharp 

conduit walls 

with sediment 

and 

precipitate 

infills, 

Gisbone.

3.2 - Filled 

conduit with 

fractures and 

crystal lined 

vugs, Gisborne.

4.Isotopes: Carbonate cements and fracture fills, including those from Taranaki Basin, 

plot in three groups on a δ13C vs δ18O  diagram. Group 1 is associated with calcitic pipe 

concretions and ranges from δ13C -45 to -25‰ and δ18O -2 to +2 ‰. Group 2 corresponds to 

dolomitic bulbous concretions with δ13C values -10 to +15‰ and δ18O +2 to +6‰. Group 3 

involves conduit and fracture fill calcitic cements in tubular concretions, and stratigraphically 

associated subspherical concretions (δ13C -5 to +5‰, δ18O -6 to -2‰).  Remarkably, the same 

trends occur in the Taranaki Basin. 
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1. Tubular Concretions in Outcrop:  Range from several centimeters to 

meters across, and lengths limited only by outcrop perspective and size, the tubular concretions 

are mainly oriented at high angles to bedding and are characterized by a near central conduit 

that is either empty or variably filled with later generation cement and/or sediment. 

Southern East Coast Basin

2. Morphologies: The tubular concretions are dominated by pipe, bulbous, and 

layered types, but there are wide variations within and between these groups. The tubular 

concretions can trace straight, sinuous, or highly tortuous paths; they may branch, anastomose, 

and coalesce; and they can curve downward, producing slabs, or taper upwards or downwards, 

producing teardrops. 

2.5 - Corkscrew 

(stacked ?doughnuts), 

Gisborne.

3. Internal Structures: The tubular concretions comprise (a) concreted host 

mudstone (0.1 to 5+ m diam), (b) a near-central conduit(s) (up to 5 cm diam), empty to fully filled 

by sediment and/or cement, and (c) possible internal brecciation.
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1.1 - Tubular concretions protrude from shore platform in slope 

mudstones of the Pohutu Formation at East Cape. Many 

concretions are strung out along directions of jointing and/or 

faulting through the outcrop, suggesting some causal 

relationship (see also B11). 

Northern East Coast Basin

2.2 - Flowerpot with 

becciated conduit fill 

(inset), East Cape.

3.3 - Three 

conduits with 

calcite spar 

and 

sediment fill, 

Gisborne.

D. Seafloor Seep Limestones
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Moonlight North
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1.1 - Part of Ngawaka seep limestone outcrop 

(Early Miocene), southern Hawke's Bay.

1.2 - Rocky Knob (late Middle Miocene), largest of 

Raukumara Peninsula seep limestones (see 1.2 in A).

3.4 - Worm tube cross-sections 

from Rocky Knob.

4. Isotopes: Despite wide scatter, δ13C values support thermogenic methane as 

a source for carbonate precipitation in the seep limestones.  Variations in composition 

2.1 - Typical seep limestone from 

Raukumara Peninsula.  Multi-

generation micrites, mussels, and 

fibrous aragonite, Turihaua.

2.3 - Clotted micrite fabric in 

digitate thrombolites encased in 

fibrous aragonite atop brecciated 

micritic limestone, Rocky Knob. 
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1. Seep Limestone in Outcrop: Seep limestones are presently known in North 

Island only from within thick (1500-3500 m) sections of Early to Late Miocene slope mudrocks in the 

forearc structural domain of East Coast Basin (1.2 and 1.3 in  A). The limestones occur in small 

pods and lenses, each up to a few 100 m long by up to a few 10s of m thick, which crop out as 

upstanding resistant knobs within the surrounding readily erodible host mudrock. Beneath some of 

these limestones, examples of the tubular concretionary material described in C are preserved in 

the associated host mudstones, so that a genetic connection between the two is implied. 

2. Lithologic Features: The seep limestones involve a wide range of lithologies. The 

main components are varying combinations of micritic carbonate (detrital and precipitate), whole 

and fragmented megafossils (some inferred to be chemosymbiotic), siliciclastic sediment, 

brecciated carbonate clasts, and complex sparry carbonate precipitates/cements. 

2.2 - Micrite breccia formed 

by explosive gas release or 

transport in slump debris, 

Karikarihuata.

2.4 - Thick multi-generation 

fibrous aragonite vein in 

seep limestone, Ugly Hill.

3. Fossils: Include chemosynthesis-based biota such as worm tubes, 

bathymodioline mussels, and vesicomyid, lucinid, and thyasirid bivalves.

reflect fluid evolution 

over time, seep 

location, the different 

seep components (not 

differentiated here), 

and any diagenetic 

overprint, all remaining 

to be assessed.

1 cm

3.1 - Large elongate 

bathymodioline 

mussels, Rocky Knob.

3.2 - Mussel hash, Rocky Knob. 3.3 - Modern vesicomyid bivalve 

from offshore Hikurangi margin 

seafloor seep and fossil examples 

from Wanstead.
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