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The Auckland Volcanic Field

High population density, lifelines narrowly constrained

- WHERE is the next eruption likely to be?
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Spatio-temporal hazard estimates

For land-use and emergency planning purposes:

where is the next eruption likely to be?

In short time frame, answered(?) by 

monitoring data (seismicity, gas, ...) What about in a period of repose?

Probability forecast: estimate the hazard λ(x) such that the probability of an 

event in the neighbourhood of x , (i.e., y:||y-x|| < ∆x) ~ λ(x) π (∆x)2

Look for spatial patterns (events are more 

likely to occur `near’ previous events?)

We know the spatial locations of 

(most) vents

Monogenetic volcanic fields have multiple volcanoes; a new eruption is expected 

to create a new volcano. Events are infrequent.

Does the pattern change over time?BUT! Want PRESENT DAY hazard
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The Auckland Volcanic Field
51(?) small basaltic volcanoes

young (~250,000 years)

Most recent eruption ~600 years ago

Data:

• Stratigraphy, ~33 vents constrained in at least one direction

• Age determinations

• Paleomagnetism ~5+ vents

• C14, ~13 vents

• Tephrostratigraphy, 22+ tephra in 5 locations

• Ar-Ar, ~4 vents

• Thermoluminesence, 2 vents

• K-Ar, unreliable due to excess Ar

• Relative geomorphology or weathering

D
e

cr
e

a
si

n
g

 r
e

li
a

b
il

it
y

Also: known vent locations, reasonable volume data 

(Allen and Smith 1994; Kereszturi et al. 2013)
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Name Mean Age (ka) Age Error (ka) Min Order Max

Order

Onepoto Basin 248.4 27.8 1 7

Albert Park 229.8 39.5 1 7

...... ...... ...... ...... ......

St Heliers 185.0 52.8 2 9

Te Pouhawaiki 152.9 70.3 1 34

...... ...... ...... ...... ......

Mt St John 54.8 4.6 10 13

Maungataketake 41.4 0.4 13 15

Otuataua 41.4 0.4 14 16

McLennan Hills 40.1 1.2 13 16

One Tree Hill 34.9 0.7 16 18

...... ...... ...... ...... ......

Hopua Basin 32.3 0.4 19 26

Puketutu 31.9 0.3 22 27

Wiri Mountain 31.9 0.3 21 28

Mt Richmond 31.7 0.3 21 28

Taylors Hill 31.7 0.3 21 28

Crater Hill 31.6 0.3 23 28

North Head 31.2 0.1 27 29

...... ...... ...... ...... ......

By reverse engineering the tephra 

dispersal, Bebbington and Cronin 

(2011, 2012) constructed feasible age-

orderings.

Mono Lake magnetic 

excursion

Laschamp

magnetic excursion

A Monte Carlo sample of age-orderings

No apparent spatio-temporal 

structure, but plenty of both temporal 

and spatial structure

But can we find the MOST 

LIKELY age-ordering?
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Maar Tephra Thicknesses

22 or 23 distinct AVF tephras

- at from 1 to 5 locations, with age distributions and thicknesses 

- interspersed with 10 dated rhyolitic marker tephras

Molloy et al. (2009), Green et al. (2014)

6



,

Eruptive Tephra Volumes and Directions

Bold = cored maars

Italics = too old

Symbol size ~ volume1/3

Arrow = dispersal axis

Dispersal axis in 

line with highest 

point on the rim

Volumes: Allen and Smith (1994), 

Kereszturi et al (2013)

Directions: Hayward et al. (2011)
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Prior age distributions
‘Known’ ages and stratigraphy combined with paleomagnetic (e.g. 

Mono Lake) constraints to simulate 10,000 feasible age sequences
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Age determinations

Stratigraphy
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Tephra attenuation
Expected thickness, with wind

without wind

wind speed

distance azimuth

dispersal axis column height term

Actual thickness has lognormal 

distribution with given mean and 

coefficient of variation 0.5

Gonzalez-Mellado & De la Cruz Reyna 

(2010) ; Kawabata et al. (2013)

9Wind direction



Solved by linear programming:

Likelihood Equations

Includes terms for observed thickness, not observed (but should have been!) 

thicknesses, difference in ages, and the presence of rhyolitic marker tephras …

with constraints for stratigraphy, etc.
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Results, βU=0.5, α=2

Find most likely global arrangement with another linear program …

- Three Kings (large 

volume, central, good 

age) one of AVF 9-12

- Crater Hill (large, good 

age, azimuth towards 

maar) also always 

matched

- Green Hill, Little 

Rangitoto, Mt 

Victoria, North Head 

can match any tephra

- Pukeiti, Waitomokia

don’t match any 

tephra 
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Best overall arrangments

Mono Lake Excursion

6 Conditions

Wind: DEF > ABC

Column height: AD > BE > DF

Scenarios

- Maungataketake ~ 87.4 ± 2.4 ka, North Head > 80 ka

- Three Kings is AVF 9 or AVF 10

- AVF 9 (thick in N and S, thin in middle) is actually 2 

distinct tephras

Results do not change if CV is doubled to better 

represent certain massively thick tephras.
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Conclusions

- Taylors Hill was most likely the first of the Mono 

Lake volcanoes to erupt.

- Almost all of the large volume volcanoes are 

allocated.

- Maungataketake and Mt Roskill have 

unfavourable directions.

- Mt Albert has large volume and good 

dispersal axis, but only age data is > 35 ka
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Future Work
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Incorporate geochemistry of sources and deposits
- Additional likelihood penalty if the source and deposit geochemistry differs

Describe multi-element geochemistry by 

multivariate Gaussian distribution (e.g., in 2-D 

an ellipse)

- Can use principle components to reduce 

dimensionality

- Need data to quantify whatever systematic 

bias and heteroscedasticity exists between 

lava/scoria/tuff and tephra geochemistry.
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