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CHAPTER 3
The Luise volcanic edifi ce: Setting of the Ladolam gold deposit

3.1 Introduction

The Ladolam gold deposit occurs in the apparent proximal (vent and cone) region of the 

Luise volcanic edifi ce. The Luise volcanic edifi ce covers an area of 5 x 7.5 km (Fig. 3.1). 

Outer fl anks have a 16 to 20° dip and rise from sea level to an elliptical crest at ~700 m above 

sea level (1700 m RL). The crest delineates a steep-sided, up to 70°, amphitheatre. The fl oor 

of the amphitheatre fl attens out at 260 m above sea level (1260 m RL) and slopes gently 

into the sea. The Ladolam gold deposit is located beneath the fl oor of the amphitheatre, 

coincident with an active geothermal system. 

 Three keys aspects of the geologic setting of the Luise volcano are described and 

discussed in this chapter: 1) the facies architecture exposed in selected geothermal drill 

holes and local exposures, 2) geomorphology, and 3) relationships to the fringing limestone 

unit. Because the Luise volcano is geologically young, the relationships and features of the 

volcanic edifi ce must be critically evaluated in order to resolve the geologic history of this 

composite volcano. The recognition of distinctive lithofacies and facies associations also 

provides the context for the detailed facies analyses presented in Chapters 4 and 5.

3.2 Facies architecture of the Luise volcanic edifi ce

Previous workers have mapped the Luise volcanic edifi ce as “undifferentiated volcanics”, 

interpreted from aerial photography and remote sensing tools (e.g. Wallace et al., 1983; 

Komyshan, 1999). Geothermal well drill holes located outside both the main Ladolam ore 

body (Fig. 3.1) and the active geothermal system were logged as part of this study (GW29, 

GW30, GW31, GW32, GW33 and GW34; totalling 4426.7 m logged; Appendix A). These 

drill holes intersect less altered stratigraphy, providing context for the recognition of their 

altered equivalents inside the Minifi e and Lienetz ore zones, in the central portion of the 

Luise volcanic edifi ce (Chapters 4 and 5).  

 In this chapter, lithofacies have been divided into two main categories: coherent 

and clastic. Coherent lithofacies are interpreted to be extrusive or intrusive based on their 
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geometries and contact relationships. They have been interpreted as part of the volcanic 

stratigraphy or as part of an intrusive complex. The clastic lithofacies have been split into 

fi ve associations: 1) sandstone and conglomerate, 2) monomictic breccia, 3) polymictic, 

matrix-supported breccia, 4) hydrothermally cemented clastic lithofacies, and 5) igneous-

cemented clastic lithofacies. Polymictic, matrix-supported breccias are the most voluminous 

lithofacies encountered throughout the volcanic stratigraphy. 

 The lithofacies outside the ore zones can be assigned to one of three genetic 

classes, volcano-sedimentary stratigraphy (Table 3.1), an intrusive complex (Table 3.2) 

and hydrothermal facies (Table 3.3). The intrusive complex cross cuts and post-dates the 

volcanic stratigraphy and has in turn been overprinted by hydrothermal features. The three 
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Figure 3.1 The Luise volcanic edifice as defined by Wallace et 
al. (1983), also showing the location of geothermal well drill holes that 
were logged as part of this study. Drill holes were chosen because of 
their peripheral location to the mineralised and altered rocks of the 
Ladolam gold deposit. The background image is a digital elevation 
model (DEM) from the LGL database, provided courtesy of Lihir Gold 
Limited (unpublished data).
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Figure 3.2 Composite graphic log depicting the relationships among major volcano-sedimentary and 
intrusive complex lithofacies in the Luise volcanic edifice. Drawn from drill holes GW29, 30, 31, 32, 33 and 34. 
Note: the intrusive complex post-dates the volcano-sedimentary stratigraphy and is shallowest under northern 
drill holes GW32, 31, 29 and 34. 
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classes have complex temporal and spatial facies relationships. Facies from the volcano-

sedimentary stratigraphy and intrusive complex are summarised in Figure 3.2. Hydrothermal 

facies are spatially associated with the intrusive complex and best developed in GW32. 

3.2.1 Volcano-sedimentary stratigraphy

The upper 200 to 800 m of stratigraphy on the fl anks of the edifi ce is composed of alternating 

lavas and shallow intrusions, and volcaniclastic facies (Table 3.1). The volcanic stratigraphy 

comprises the products of four texturally and mineralogically distinctive phases of effusive 

volcanism. From oldest to youngest, the lavas and shallow intrusions are fi ne pyroxene-phyric 

basalt, an amphibole-phyric andesite (Fig. 3.3e) and related monomictic breccias (Fig. 3.3f), 

feldspar-pyroxene-phyric basalt (Fig. 3.3c) and related monomictic breccias (Fig. 3.3d), and 

fi nally a pyroxene-phyric-basalt (Fig. 3.3a) and associated monomictic breccias (Fig. 3.3b). 

Coherent facies are massive or columnar jointed (Fig. 3.3g) or jigsaw-fi t fragmented and 

range from 5 to 90 m thick accumulations. In most cases it is unclear as to whether these 

lithofacies are shallow intrusions or lavas. In two cases, the monomictic breccias at the 

upper contact of the pyroxene-phyric basalt have bedded sandstone infi ll between clasts, 

interpreted to have been deposited on the irregular top of lavas. 

 The volcano-sedimentary stratigraphy is predominantly composed of diffusely bedded 

to massive, polymictic, sand-matrix-supported breccia (Fig. 3.4d, 3.4e and 3.4f) interbedded 

with laminated to diffusely bedded sandstone (Fig. 3.4a and 3.4b). The angular to sub-round 

clasts are predominantly dense pyroxene-phyric basalt, feldspar-phyric basalt, amphibole-

phyric-andesite and aphanitic basalt as well as pyroxene and feldspar crystal fragments. 

Sedimentary (mudstone) clasts are present locally. The diffuse bedding and weak normal 

grading are interpreted to refl ect mass-fl ow transportation and these facies are interpreted as 

volcanogenic sedimentary deposits. The facies characteristics do not distinguish whether the 

depositional environment was subaerial or subaqueous. 

 Interbedded with the volcanogenic sedimentary facies are four polymictic, matrix-

supported breccia facies that are composed, at least partially, of volcanic components. These 

facies are: 1) polymictic, accretionary lapilli-bearing, matrix-supported breccia to sandstone 

(Fig. 3.5e), 2) pyroxene-biotite-crystal-rich, polymictic, matrix-supported breccia (Fig. 
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Table 3.1 Volcano-sedimentary stratigraphy 

Lithofacies Description Apparent 
thickness & 
distribution 

Associated 
lithofacies 

Lithofacies 
interpretation 

FINE PYROXENE-PHYRIC BASALT 
Fine pyroxene-phyric 
basalt 

- pyroxene phenocrysts, up to 1 mm 
- aphanitic groundmass 

Contacts: sharp to broken, locally 
gradational to polymictic breccias 

- 2 to 30 m thick 
- composed of at 

least three 
units

- laterally 
continuous
across drill 
holes GW30, 
31 and 33 

~ 250 to
400 m RL 
(relative level) 

Volcanic: lava
and / or shallow 
intrusion

AMPHIBOLE-PHYRIC ANDESITE COHERENT AND CLASTIC FACIES 
Amphibole-phyric 
andesite 

(Fig. 3.3e) 

- amphibole phenocrysts (10 to 15%), 
up to 6 mm, needle-like 

- xenoliths (magnetic) and clusters of 
chlorite up to 3 cm 

- aphanitic groundmass 
- locally jigsaw-fit fractured 

Contacts: sharp 

- 2 to 118 m 
thick

- composed of at 
least two units 

- laterally 
continuous
across drill 
holes GW30, 
31 and 33 

~ 400 to
750 m RL 

Monomictic
amphibole-
phyric andesite 
breccia

Volcanic: lava
and / or shallow 
intrusion

Monomictic, 
amphibole-phyric 
andesite breccia 

(Fig. 3.3f)

Clasts: (~ 90 %), < 10 cm 
- angular to sub-angular clast 

shapes
- monomictic, amphibole-phyric 

basalt
Matrix: (5 to 10 %) sand to mud-
sized, chlorite altered, massive 
Cement: (< 5 %), chlorite, calcite, 
anhydrite 

Lithofacies: jigsaw-fit to chaotic 
organisation, clast to matrix-
supported, moderately sorted, 
massive 

- 2 to 20 m thick  
~ 400 to 750 m 
RL

- locally occurs in 
GW30, 31 and 
33

Amphibole-
phyric andesite 

Volcanic: 
autoclastic
facies

FELDSPAR-PYROXENE-PHYRIC COHERENT AND CLASTIC FACIES 
Feldspar-pyroxene-
phyric basalt 

(Fig. 3.3c)

- feldspar phenocrysts (50 to 60 %), 
up to 2 mm 

- pyroxene phenocrysts (15 to 20 %), 
up to 2 mm 

- aphanitic groundmass 

Contacts: broken to sharp 

- 5 to 22 m thick 
- composed of at 

least two units 
- laterally 

continuous
across drill 
holes GW29, 
31 and 34 

~ 700 to
900 m RL 

Monomictic,
feldspar-
pyroxene-phyric 
basalt breccia 
with a sandstone 
matrix

Volcanic: lava
and / or shallow 
intrusion

Monomictic, 
curviplanar clast-
margin basalt 
breccia 

(Fig. 3.3d)

Clasts: (~ 40 %), < 32 mm 
- angular clasts with curviplanar and 
cuspate clast margins 

- entirely replaced by white clay 
(illite and kaolinite) 

Matrix: (~ 60 %), entirely replaced 
by red clay alteration (hematite 
stained)

Lithofacies: massive, matrix- to 
clast-supported, jigsaw-fit to clast-
rotated to chaotic organisation 

- 2 m thick 
- one unit in 
GW29 at
~700 m RL 

Gradational to 
upper clay-
altered
polymictic 
breccia and 
lower clay-
altered coherent 
(feldspar-
pyroxene-phyric 
basalt?)

Volcanic: 
hyaloclastite
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Table 3.1 (continued)

Lithofacies Description Apparent 
thickness & 
distribution 

Associated 
lithofacies 

Lithofacies 
interpretation 

Monomictic, 
feldspar-pyroxene-
phyric basalt breccia 
with a sandstone 
matrix 

Clasts: (~ 60 %), < 20 cm 
- angular to sub-round clast shapes 
- blocky to irregular clast shapes 
- monomictic: feldspar-pyroxene-
phyric basalt 

Matrix: (~ 40 %), < 2mm, sand-sized 

Lithofacies: massive, matrix-
supported 

- 13 m thick 
- occurs as two 

units, one at 
the top (~ 2 m) 
and one at the 
bottom (~ 6 m) 
of the feldspar-
pyroxene-
phyric basalt 

~ 875 to
925 m RL 

Feldspar-
pyroxene-phyric 
basalt

Volcanic: 
autoclastic and 
sedimentary 
facies

PYROXENE-PHYRIC COHERENT AND CLASTIC FACIES 
Crowded pyroxene-
phyric basalt 

- pyroxene phenocrysts (30 to 40%), 
up to 8 mm 

- calcite-filled amygdales locally 
present 

- aphanitic groundmass 

Contacts: broken to sharp 

- 2 m thick 
- one, north 

dipping unit, 
intersected in 
drill holes 
GW30, 31 and 
33

~ 900 to
1000 m RL 

Pyroxene-phyric 
basalt

Intrusive: dyke 
(may be a 
feeder to 
pyroxene-phyric 
basalt lava or 
shallow 
intrusion)

Pyroxene-phyric 
basalt 

(Fig. 3.3a)

- pyroxene phenocrysts (20 to 30%), 
up to 4 mm, euhedral to subhedral 

- calcite-filled amygdales locally 
present 

- aphanitic groundmass 

Contacts: broken to sharp 

- 33 to 95 m 
thick

- composed of at 
least four units 

- laterally 
continuous
across drill 
holes GW29, 
33, 34 

~ 850 to
1150 m RL 

Pyroxene-phyric 
dyke  

Monomictic,
pyroxene-phyric 
basalt breccia 
with a sandstone 
matrix

Volcanic: lava
and / or shallow 
intrusion

Monomictic, 
pyroxene-phyric 
basalt breccia with a 
sandstone matrix 

(Fig. 3.3b)

Clasts: (~ 70 %), < 2 m 
- angular to sub-round clast shapes 
- irregular to intricate clast margins 
- monomictic: pyroxene-phyric 
basalt that locally has 1-mm-thick 
rind of clay alteration 

Matrix: (~ 30 %), < 2mm, sand to silt 
- massive predominantly 
- laminated to thinly bedded in two 
locations: at 52.2 m in GW34 on 
the top contact of pyroxene-phyric 
basalt, and at 106 m in GW34 on 
the top contact of pyroxene-phyric 
basalt

Lithofacies: massive, matrix-
supported 

- 1 to 20 m thick 
- locally occurs 

in drill holes 
GW29 and 34 

~ 850 to
1150 m RL 

Pyroxene-phyric 
basalt

Volcanic:
autoclastic and 
sedimentary 
facies

Where
sandstone
matrix is 
laminated to 
thinly bedded, it 
is interpreted to 
be infilling 
interstices
between clasts 
in autoclastic 
facies at top of 
lava

SANDSTONE AND CONGLOMERATE FACIES 
Thinly bedded to 
massive sandstone 

(Fig. 3.4a) 
(Fig. 3.4b)

- locally carbonaceous organic 
matter present 

- locally present feldspar and 
pyroxene crystals 

Bedding: thinly bedded to massive, 
locally normal graded 

- 1 to 8 m thick 
- locally occurs 

in drill holes 
GW29, 30, 31, 
33 and 34  

- occurs 
throughout the 
stratigraphy 

Monomictic
breccias with a 
sandstone
matrix
Gradational and 
interbedded with 
polymictic 
breccias

Sedimentary 
facies 
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Table 3.1 (continued)

Lithofacies Description Apparent 
thickness & 
distribution 

Associated 
lithofacies 

Lithofacies 
interpretation 

Polymictic, cobble to 
pebble conglomerate 

(Fig. 3.4c)

Clasts: (10 to 80 %) < 10 cm  
- round to sub-round clast shapes 
- polymictic: feldspar-phyric basalt, 
pyroxene-phyric basalt, amphibole-
phyric andesite, aphanitic basalt 

Matrix: (20 to 60 %) fine sand to 
mud grain size (< 1/16 mm)

Cement: (< 5 %) calcite 

Lithofacies: massive, weakly 
stratified, clast-dominated domains 

Bedding: massive to weakly 
stratified

- 30 cm to 12 m 
thick

- locally occurs 
in drill holes 
GW30, 31 and 
34

Gradational to 
sandstone
lithofacies

Sedimentary 
facies 

POLYMICTIC, MATRIX-SUPPORTED BRECCIA FACIES 
Polymictic, sand-
matrix-supported, 
weakly graded and 
diffusely bedded 
breccia 

(Fig. 3.4d) 
(Fig. 3.4e) 
(Fig. 3.4f)

Clasts: (20 to 80 %), 2 mm to 30 cm 
- outsized clasts range from 15 cm 

to 1 m and are locally jigsaw-fit 
fractured 

- angular to sub-round clast shapes 
- polymictic: feldspar-phyric basalt, 

pyroxene-phyric basalt, amphibole-
phyric andesite, aphanitic coherent 
and mudstone clasts 

Matrix: (20 to 80 %), < 2mm, sand- 
to mud-sized 

- locally feldspar and pyroxene 
crystals are present 

Lithofacies: chaotically organised, 
matrix-supported, moderately to well 
sorted 

Bedding: diffuse, massive to very 
thick beds, minor thin beds, weakly 
normally graded 

- 1.5 m to 330 m 
thick

- throughout drill 
holes GW29, 
30, 31, 32, 33 
and 34 

~ 200 to
1150 m RL 

Volcanogenic 
sedimentary 
deposit: debris 
flow deposit? 

Polymictic, 
accretionary lapilli-
bearing, matrix-
supported breccia to 
sandstone 

(Fig. 3.5e)

Clasts: (30 to 40 %), < 6 cm 
- angular to round and irregular to 

jagged clast shapes 
- polymictic: amphibole-phyric 

andesite, pyroxene-phyric basalt, 
feldspar-phyric basalt, variably 
altered clasts, rare accretionary 
lapilli (up to 8 mm diameter) 

Matrix: (60 to 70 %), < 2 mm, sand- 
to mud-sized 

Lithofacies: chaotically organised, 
matrix-supported 

Bedding: massive to very thickly 
bedded 

- 38 m thick 
- GW33 from 

689.4 to
727.0 m, not 
laterally 
continuous

~ 450 m RL 

Volcanogenic 
(sedimentary?) 
deposit 
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Table 3.1 (continued)

Lithofacies Description Apparent 
thickness & 
distribution 

Associated 
lithofacies 

Lithofacies 
interpretation 

Pyroxene-biotite-
crystal-rich, 
polymictic, matrix-
supported breccia 

(Fig. 3.5a) 
(Fig. 3.5b)

Clasts: (20 to 80 %), < 4 cm 
- outsized clasts up to 20 cm 
- angular to round 
- polymictic: pyroxene and biotite 
crystals and crystal fragments up 
to 5 cm, pyroxene-phyric basalt, 
feldspar-phyric basalt, 
amygdaloidal basalt 

Matrix: ( 20 to 80 %), < 2 mm, sand- 
to mud-sized 
Cement: (< 0.5 %), anhydrite 

Lithofacies: chaotically organised, 
matrix-supported, poorly sorted 

Bedding: massive 

- 23 m thick, 
grades into 
polymictic 
breccia
(inclusive 
thickness is 
185 m) 

- GW30 from 
806.8 to 
830.11 m, not 
laterally 
continuous

~ 250 m RL 

Polymictic, 
sand-matrix-
supported,
weakly graded 
and diffusely 
bedded breccia 

Volcanogenic 
(sedimentary?) 
deposit 

Polymictic, matrix-
supported breccia 
with distinctive 
alteration rinds on 
clasts 

(Fig. 3.5c) 
(Fig. 3.5d)

Clasts: (20 to 50 %), < 8 cm 
- outsized clasts range from 20 cm 

to 1 m 
- angular to round clast shapes 
- feldspar-phyric basalt, aphanitic 

coherent, pyroxene-phyric basalt 
- distinctive alteration rinds 

(bleached white) on clasts 
Matrix: (50 to 80 %), < 2 mm, sand- 
to mud-sized 

Lithofacies: chaotically organised, 
matrix-supported, matrix-supported, 
moderately sorted 

Bedding: weakly stratified 

- 83 m thick 
- GW31 from 

207.8 to
290.8 m, not 
laterally 
continuous

~ 850 m RL 

Polymictic, 
sand-matrix-
supported,
weakly graded 
and diffusely 
bedded breccia 

Volcanogenic 
sedimentary 
deposit:
(hydrothermally 
modified)

Polymictic, matrix-
supported breccia 
with illite-kaolinite 
altered clasts 

(Fig. 3.5f)

Clasts: (40 to 70 %), < 10 cm 
- outsized clasts up to 1 m 
-angular to sub-round clast shapes 
-polymictic: feldspar-phyric basalt, 
pyroxene-phyric basalt, clay-altered 
(illite and kaolinite) clasts 

Matrix: (60 to 70 %), < 2 mm, 
dominantly sand with minor mud 
- feldspar and pyroxene crystal 
fragments 

Lithofacies: chaotically organised, 
matrix-supported, moderately to well 
sorted 

Bedding: very thick to massive 
beds, weakly graded 

- 60 m thick 
-  GW29 from 

229.6 to 
289.15 m 

~ 740 to
800 m RL 

Polymictic, 
sand-matrix-
supported,
weakly graded 
and diffusely 
bedded breccia 

Volcanogenic 
sedimentary 
deposit:
contains clasts 
derived from a 
kaolinite-illite 
geothermal
alteration zone 

Note: All bedding observations are from non-oriented drill core. Diffuse bed forms are only apparent by subtle changes in 
grain size. 
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Figure 3.3 Volcanic facies
(A) Pyroxene-phyric basalt from GW34_325.4 m and (B) associated monomictic, pyroxene-phyric basalt breccia with 
a sandstone matrix from GW29_224.9 m. (C) Feldspar-pyroxene-phyric basalt from GW29_237.25 m. (D) Monomictic, 
curviplanar clast-margin breccia from GW29_325.6 m. (E) Amphibole-phyric andesite from GW30_376.15 m and associated 
(F) monomictic, amphibole-phyric andesite breccia from  GW33_763.65 m. (G) Columnar jointed pyroxene-phyric basalt 
from the Apudontes quarry (location shown on Fig. 3.1). (H) Monomictic, pyroxene-phyric basalt breccia from the western 
Lienetz open pit wall (~990 m RL) photographed by Herrmann (2002). 
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Figure 3.4 Sedimentary and volcanogenic sedimentary facies
(A) Medium to thinly bedded sandstone from GW33_433.5 m. (B) Normally graded, thickly bedded sandstone 
from GW29_287.5 m. Note: Bedding in (A) and (B) is gently dipping. (C) Polymictic pebble to cobble 
conglomerate from GW30_436.45 m. (D) Polymictic, sand-matrix-supported breccia from GW30_444.9 m. 
(E) Polymictic, sand-matrix-supported breccia from GW30_538.10 m. (F) Polymictic, sand-matrix-supported 
breccia from GW33_408.55 m. Note the presence of mudstone clasts. 
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3.5a and 3.5b), 3) polymictic, matrix-supported breccia with distinctive alteration rinds on 

clasts (Fig. 3.5c and 3.5d), and 4) polymictic, matrix-supported breccia with illite-kaolinite 

altered clasts (Fig. 3.5f). These lithofacies are broadly grouped as volcanogenic but probably 

include facies of pyroclastic (1 and 2), hydrothermal (3 and 4) or sedimentary (4) origins. 

Combinations of several of these processes are likely for some lithofacies. 
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3.2.2 Intrusive complex

At ~800 to 380 m RL, the stratigraphy is dominated by an intrusive complex (Table 3.2) 

composed of feldspar-phyric (Fig. 3.6f) and aphanitic dykes (Figs. 3.6c and 3.6d) that 

have intruded an equigranular to weakly porphyritic feldspar-biotite-magnetite-pyroxene-

A B

C D

E F

Figure 3.5 Volcanogenic facies
(A) Pyroxene-biotite-crystal-rich, polymictic, matrix-supported breccia from GW30_822.20 m and (B) from 
GW30_815.75 m. (C) Polymictic, matrix-supported breccia with distinctive alteration rinds on clasts from 
GW31_271.7 m and D) from GW31_238.86 m. (E) Polymictic, accretionary lapilli-bearing sandstone from 
GW33_723.8 m. (F) Polymictic, matrix-supported breccia with illite-kaolinite altered clasts from 
GW29_232.25 m.
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amphibole-bearing monzonite (Figs. 3.6a and 3.6b). Minor pyroxene- and feldspar-phyric 

dykes are also observed. The monzonite was classifi ed using the IUGS classifi cation 

scheme (Streckeisen, 1976) based on grain size and mineralogy rather than on analytical 

data. Monzonite is the oldest lithofacies observed in the intrusive complex. It is texturally 

heterogeneous with magnetite clots, mafi c xenoliths and locally has a jigsaw-fi t texture 

defi ned by fractures. The monzonite is interpreted to be a dyke swarm because it has multiple 

A B

C D

E F

Figure 3.6 Intrusive facies
(A) Monzonite from GW29_674.10 m and from (B) GW31_516.6 m. (C) Chilled contacts of the aphantic dyke 
intruding the monzonite from GW30_751.5 m and (D) GW31_697.1 m. (E) Feldspar-phyric monzonite with a 
feldspar-pyroxene cumulate clast from GW34_734.2 m. (F) Feldspar-phyric dyke from GW32_851.3 m. 

1 cm 1 cm

1 cm1 cm

1 cm1 mm

clast margin
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Table 3.2 Intrusive complex 

Lithofacies Description Apparent 
thickness & 
distribution 

Associated 
lithofacies 

Contact 
relationships 

Lithofacies 
interpretation 

COHERENT FACIES 
Monzonite 

(Fig. 3.6a) 
(Fig. 3.6b)

- equigranular to porphyritic 
(< 2 mm) 

- feldspar (40 to 70%), sub- 
to anhedral 

- biotite (30 to 40%), sub- to 
euhedral 

- pyroxene and amphibole  
(~ 10%), sub- to euhedral 

- xenoliths up to 4 cm; mafic, 
very fine grained 

- magnetite clots 
- calcite-filled amygdales 

locally present 
- locally jigsaw-fit fractured 

- 63 to > 606 m 
thick

- throughout drill 
holes GW29, 30, 
31, 32, 34 

~ 200 to 650 m RL 

Feldspar-
pyroxene-
phyric 
monzonite

Mega-
pyroxene-
phyric 
monzonite

- sharp, irregular 
- chilled (fine 

grained, bleached 
and irregular) 
contacts with 
lithofacies of the 
same mineralogy 
and texture (often 
only 1 contact 
chilled; the other 
contact is 
intruded by 
adjacent
lithofacies) 

Intrusive 
facies: dyke 
swarm  

Feldspar-
pyroxene-
phyric 
monzonite 

- pyroxene phenocrysts      
(~ 10%), up to 4mm 

- feldspar phenocrysts        
(~ 10%), up to 4 mm 

- monzonite groundmass 

- 3 to 7 m thick 
- locally occurs in 

drill holes GW29 
and 32 

~ 375 to 450 m RL 

Monzonite - sharp, irregular 
- chilled (fine 

grained, bleached 
and irregular) 
contacts with the 
monzonite

Intrusive 
facies: dyke 

Mega-
pyroxene-
phyric 
monzonite 

- pyroxene phenocrysts up 
to 2 cm (mega), euhedral to 
subhedral 

- monzonite groundmass 

- 1.4 to 11 m thick 
- occurs only in 

GW31 as 9 
discrete units 

~ 400 to 700 m RL 

Monzonite - sharp, irregular 
- chilled (fine 

grained, bleached 
and irregular) 
contacts with the 
monzonite

Intrusive 
facies: dyke 

Feldspar-
phyric 
dyke 

(Fig. 3.6f) 

- feldspar phenocrysts (40 to 
60%), up to 8 mm, 
euhedral to subhedral, 
variably sericite altered 

- aphanitic groundmass 
- calcite-filled amygdales 
locally present 

- 14 cm to 12 m 
thick

- throughout drill 
holes GW29, 30, 
31 and 32 

- up to 30 discrete 
units

~ 200 to 650 m RL 

- sharp 
- chilled 

(phenocryst poor, 
aphanitic,
irregular
geometry) 

- cuts monzonite 

Intrusive 
facies: dyke 

Aphanitic 
dyke 

(Fig. 3.6c) 
(Fig. 3.6d) 

- aphanitic with rare feldspar 
laths up to 0.5 mm 

- calcite-filled amygdales 
locally present 

- 20 cm to 13 m 
thick

- throughout drill 
holes GW29, 30, 
31, 32 and 34 

- up to 27 discrete 
units

~ 200 to 750 m RL 

- sharp, irregular 
- chilled (bleached 

and very fine 
grained) 

- cuts monzonite 

Intrusive 
facies: dyke 

IGNEOUS-CEMENTED CLASTIC FACIES 
Polymictic, 
igneous-
cemented 
breccia 

(Fig. 3.6e)

Clasts: (< 60%), < 8 cm 
- sub-round to angular 
- polymictic: feldspar-phyric 

coherent, monzonite, 
aphanitic coherent, 
anhydrite vein fragments, 
pyroxene-phyric coherent, 
feldspar-pyroxene 
cumulates, alteration rinds 
on clasts 

Cement: (40 to 60%),          
< 4 mm 
- feldspar phenocrysts up to 

1 mm (~ 20%) and 
aphanitic groundmass  

- 6 m thick / 
interval length 

- occurs within the 
intrusive complex 
in GW31 and 
GW34 

Lithofacies:
chaotic
organisation,
cement-supported, 
massive 

Monzonite - gradational to 
monzonite

Intrusive 
facies:
breccia or a 
xenolith-rich 
domain in an 
intrusion 

Note: ‘Mega’ used to differentiate pyroxene phenocrysts that are greater than 1 cm. 
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asymmetric chilled contacts are present. Igneous-cemented breccias are also associated with 

the monzonite, suggesting a brecciated component of the intrusion (Fig. 3.6e).

 The intrusive complex reaches shallow levels near the northern edge of the 

amphitheatre escarpment. It was intersected at ~750 m RL in GW31 and GW32 and ~800 m 

RL in GW47 (Rae and Milicich, 2009; internal report). Aphanitic dykes extend up to ~100 m 

Figure 3.7 Hydrothermal facies
(A) Biotite-anhydrite-cemented breccia from GW32_ 839.3 m and (B) from GW32_772.18 m. (C) Anhydrite 
vein with coarse biotite along the vein margins from GW32_919.52 m. (D) Discordant, matrix-supported, 
biotite-anhydrite-cemented conglomerate dyke from GW32_445.7 m. (E) Discordant, biotite-anhydrite-
cemented sandstone dyke from GW32_228.65 m. (F) Discordant, pyrite-quartz-cemented breccia dyke from 
GW32_229.6 m. 

1 cm

1 cm

1 cm

1 cm

1 cm

1 cm

A B

C D

E F
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Table 3.3 Hydrothermally cemented lithofacies 

Lithofacies Description Apparent 
thickness & 
distribution 

Associated  
lithofacies 

Clastic
lithofacies 
interpretation 

Biotite-anhydrite-
cemented breccia 

(Fig. 3.7a) 
(Fig. 3.7b)

Clasts: (60 to 70 %), < 7 cm 
- sub-angular to sub-round clast 

shapes
- monomictic: intrusive complex 

coherent facies 
- pseudo breccia locally and alteration 

rinds
Cement: (20 to 40 %), < 2cm, coarse 
- biotite, anhydrite, feldspar, pyrite, 

chalcopyrite, magnetite, ? fluorite 

Lithofacies: jigsaw-fit to clast-rotated 
to chaotic organisation, cement-
supported, massive 

- 3 to 107 m 
thick

- encountered in 
GW 32, 
overprinting
lithofacies of 
the intrusive 
complex 

Hydrothermal 
facies:
magmatic-
hydrothermal 
breccia

Discordant, matrix-
supported, biotite-
anhydrite-cemented 
breccia to sandstone 
dyke 

(Fig. 3.7d) 
(Fig. 3.7e)

Clasts: (10 to 20 %), < 2 cm 
- sub-round to angular 
- outsized clasts up to 15 cm 
- polymictic: feldspar-phyric basalt, 

variably altered clasts 
Matrix: (80 to 95 %), < 2mm, coarse 
sand to silt 
- biotite and anhydrite 
Cement: (< 10 %), < 1 mm 
- biotite, anhydrite, pyrite 

Lithofacies: chaotic to jigsaw-fit 
organisation, stratified, normally 
graded locally 

- 20 cm to 1.8 m 
- 12 discordant 

dykes that 
have cross-cut 
the intrusive 
complex 

Biotite-
anhydrite- 
cemented
breccia

Hydrothermal 
facies:
magmatic
hydrothermal 
breccia

Discordant, pyrite-
quartz-cemented 
breccia dyke 

(Fig. 3.7f)

Clasts: (30 to 80 %), < 2 cm 
- angular to round 
- polymictic: clay-altered, feldspar-

phyric, pyroxene-phyric, calcite vein 
fragments, monzonite 

Matrix: (20 to 70 %), < 1/16 mm, mud-
sized 

Lithofacies: Chaotic, matrix-
supported, weak alignment of 
elongate clasts parallel to margins, 
discordant sharp contacts, 
moderately to well sorted, massive 

- 10 to 65 cm 
thick

- three discrete 
units found in 
GW30 and 32 

~ 200 to
800 m RL 

Hydrothermal 
facies:
hydrothermal 
breccia

above the top of the main body of the intrusive complex. Importantly, the intrusive complex 

is not encountered at depth in GW33 or in the Minifi e ore zone. 

3.2.3 Hydrothermally cemented clastic lithofacies

Hydrothermally cemented clastic lithofacies (Table 3.3) have overprinted both the volcano-

sedimentary stratigraphy and intrusive complex. The hydrothermal lithofacies are best 

developed in drill hole GW32, which is close to the Ladolam gold deposit. Hydrothermally 

cemented lithofacies include biotite-anhydrite-cemented breccia (Fig. 3.7a and 3.7b), 

discordant, matrix-supported, biotite-anhydrite-cemented breccia to sandstone dykes (3.7d 
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and 3.7e), and discordant, pyrite-quartz-cemented breccia dykes (Fig. 3.7f). 

 Hydrothermal clastic facies are encountered throughout the stratigraphy and are 

distinguished by the presence of hydrothermal cement and their discordant geometries. The 

biotite-anhydrite-cemented breccia and the discordant, matrix-supported, biotite-anhydrite-

cemented breccia to sandstone dykes are spatially restricted to the intrusive complex and the 

discordant, pyrite-quartz-cemented breccia dykes cross cut coherent and clastic facies of the 

volcano-sedimentary stratigraphy. 

3.3 Geomorphology of the Luise volcano: The Luise amphitheatre

The Luise amphitheatre is a 3.5 x 4 km elliptical depression. It has steep walls that rise 

to ~600 m above sea level and dip gently in the direction of the sea (Fig. 3.8). The north-

eastern side of the amphitheatre is open to the ocean and forms the Luise Harbour. Previous 

workers have postulated that the amphitheatre is a caldera (Moyle et al., 1990), a maar-

diatreme crater (Carman, 1994) or a volcanic sector-collapse amphitheatre (Sillitoe, 1994). 

The genetic interpretation of the geomorphology is therefore important in the evolution of 

the host succession and the ore deposit. The dissection event has been interpreted to have 

been the trigger for the formation of epithermal high-grade zones within the Ladolam gold 

deposit (Moyle et al., 1990; Carman, 1994; Sillitoe, 1994; Carman, 2003). 

3.3.1 Topographic dimension study

A simple comparison of the topography and dimensions of the Luise volcanic edifi ce and 

163 terrestrial volcanoes (data from Pike and Clow, 1981) has been undertaken to evaluate 

the origin of the amphitheatre. For the comparison, only alkalic composite volcanoes and 

maar volcanoes were considered. Maar craters, calderas and sector-collapse amphitheatre 

dimensions were compared using four topographic measurements, tabulated by Pike and 

Clow (1981): 1) diameter, 2) depth, 3) height and 4) fl ank width (Fig. 3.9). The Luise 

volcanic edifi ce has undergone variable degrees of erosion and modifi cation of the original 

geomorphology.

The diameter of the Luise amphitheatre is comparable to the largest known maar 

crater (Potrillo Maar in New Mexico), a smaller than average alkalic caldera (Caldera 
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Figure 3.8 Geomorphology 
of Lihir Island and the 
Luise amphitheatre. 
(A) Bathymetry of the area 
around Lihir Island from Cruise 
SO-133 R/V SONNE (Herzig 
and Hannington, 1999). 
Highlighted are the topographic 
measurements of the Luise 
amphitheatre that are used in 
this review and the box outline 
corresponds to the area shown 
in (B) and (C). (B) Topography 
and bathymetry of the Luise 
amphitheatre and Luise 
Harbour. Surface is dipping 27o 
towards 180o. Surface created 
in MineSight using topography 
from the LGL database and 
bathymetry from Herzig and 
Hannington (1999). (C) Same 
surface as (B) but tilted to 
highlight the marginal levees 
extending away from the Luise 
amphitheatre. Surface is 
dipping 30o towards 150o 
southeast.
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Della Fossa, Vulcano Island, Italy) and a larger than average volcanic sector-collapse 

amphitheatre (Mount St. Helens; Fig. 3.10). 

Calderas 

Calderas are large circular depressions that are correlated with magma withdrawal, typically 

by means of eruptions (Williams, 1941; Walker, 1984; Wood, 1984; Lipman, 2000; Cole 

et al., 2005). Basaltic calderas, or calderas on shield volcanoes, are mainly associated with 

effusive eruptions that erupt from central vents or fi ssures and result in the depletion of the 

magma reservoir and caldera collapse (Cole et al., 2005). Intermediate and silicic calderas 

(andesitic, rhyolitic and peralkaline) are mainly associated with large explosive eruptions 

that lead to the emplacement of high volume ignimbrites and the creation of a large (>10 

km) collapse depression (Cole et al., 2005). Calderas associated with explosive eruptions 

can form at the summits of discrete composite cones or develop independently of any pre-

existing single volcanic centre (Wood, 1984; Lipman, 1997). 
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 The underlying shallow magma chamber plays a crucial role in initiating the collapse 

process and controls the dimensions of the caldera (Lipman, 2000; Cole et al., 2005). Small 

(<5 km) basaltic and andesitic calderas may lack a coherent fl oor and have a funnel geometry 

that resembles the conduit or root zones of maar-diatreme complexes (Lipman, 1997).

 The diameters of basaltic (shield) calderas are typically <2 km and the diameters of 

felsic (dacitic to rhyolitic) calderas associated with ignimbrites range from 5 up to 74 km 

(Mahood, 1984; Wood, 1984; Cole et al., 2005). Neither of these two types of calderas is 

within a range comparable to the Luise amphitheatre. However, the diameters of calderas 

on composite cones range from 2 to 13 km (Wood, 1984) which is close to the diameter of 

the Luise amphitheatre (Fig. 3.10). In general, calderas on alkalic composite volcanoes are 

shallower (<250 metres), their fl ank widths are much wider and fl ank slopes are gentler than 

those of the Luise amphitheatre (Fig. 3.10).

  

Figure 3.10 Comparison between the topographic measurements of the Luise amphitheatre 
and a maar crater, a sector-collapse amphitheatre and a caldera (data for Potrillo Maar, Mount St. Helens and 
Caldera della Foss from Pike and Clow, 1981) .
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Maar-diatreme craters

A maar is a relatively wide volcanic crater defi ned by a low rim of pyroclastic debris 

generated by phreatomagmatic eruptions in subaerial or shallow-water environments (Ollier, 

1967; Fisher and Waters, 1970; Lorenz, 1973; Lorenz and Kurszlaukis, 2007). They are 

monogenetic and commonly involve mafi c magmas (Vespermann and Schmincke, 2000; 

Lorenz and Kurszlaukis, 2007). Rim deposits are emplaced mainly by base surges and fallout 

and up to 90% of the ejecta can be non-juvenile country rock. The juvenile fraction may be 

vesicle-free to highly vesicular (Lorenz, 1986; Vespermann and Schmincke, 2000). Rim 

sequences are well-bedded, generally dipping <25° and generally less than 10 to 100 m thick 

(Lorenz, 1986; Vespermann and Schmincke, 2000).

 Maars have a gentle outer slopes and steep inner slopes separated by a rounded 

crest (Ollier, 1967). The rim diameters of maar craters range in size from 20 m to 3000 m 

(average 700 to 900 m; Fig. 3.9) and have a maximum height of 10 to >500 m from the top 

of the rim to the general ground level (Ollier, 1967; Lorenz, 1973, 1986; Vespermann and 

Schmincke, 2000). The depth, height and fl ank width dimensions of maar craters are very 

different from those of the Luise amphitheatre. Although the diameter of some very large 

maars is comparable to the diameter of the Luise amphitheatre, most maars are very deeply 

excavated into underlying rock and have a greater depth than height. The height of the Luise 

amphitheatre (640 m) is greater than the depth (560 m) and therefore not consistent with the 

excavation parameters observed in maar-diatreme craters. 

 
Sector-collapse amphitheatres 

Sector-collapse amphitheatres are the result of large-scale volcanic fl ank failure. During 

volcanic fl ank failure, up to 20% of the edifi ce may be removed and transported as a debris 

avalanche (Siebert, 1984). Debris avalanche deposits are composed of intact or fractured 

blocks up to 3 km in size together with matrix (McGuire, 1996). The deposits have hummocky 

surface morphologies and marginal levees. Deposit volumes are roughly equal to that of the 

material removed from the edifi ce (McGuire, 1996).

 Sector-collapse amphitheatres are horse-shoe shaped, deep depressions with a gently 

sloping fl oor, near-vertical head walls and relatively high side walls that dip gently in the 
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direction of collapse (Siebert, 1984; Johnson, 1987). Sector-collapse amphitheatres are 

elongate in the direction of the breach and average long-axis lengths range from 1 to 7 km 

(Siebert, 1984; Lopez and Williams, 1993). The depressions are several hundred metres 

or more deep (Siebert, 1984; Voight and Elsworth, 1997). This morphology distinguishes 

sector-collapse amphitheatres from landslide scars and is attributed to the presence of weak, 

fragmental, highly fi ssured, or altered rock in the core of the volcano that is easily removed 

during the fl ank failure (Siebert, 1984; Voight and Elsworth, 1997). 

 The depth dimension and the volume of the edifi ce removed in volcanic sector-

collapse are comparable to that of the Luise amphitheatre (Fig. 3.11). The diameter of the 

Luise amphitheatre is comparable to a relatively large sector-collapse amphitheatre. 

  
3.3.2 Interpretation: Volcanic sector-collapse

The results of this topographic dimension study strongly favour volcanic sector-collapse as 

the principal origin of the Luise amphitheatre. The Luise amphitheatre is much larger than 

maar-craters and lacks the pyroclastic facies associated with both maars and calderas. The 

Figure 3.11 Cross sections of sector-collapse amphitheatres drawn from Siebert (1984). 
Reconstructed cross section of the Luise volcanic edifice drawn for comparison. Hatched pattern indicates 
volume removed by slope failure. Vertical scale equals horizontal scale. 
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amphitheatre walls mainly comprise variably altered andesitic and basaltic lavas, shallow 

intrusions and volcaniclastic facies typical of the proximal and medial parts of andesitic 

cone volcanoes. Furthermore, bathymetry surrounding Lihir Island (Fig. 3.8) has revealed 

the presence of hummocky topography and marginal levees extending ~10 km offshore from 

the Luise Harbour, interpreted to be a debris avalanche deposit (Herzig et al., 1998) that was 

deposited offshore. The modern land surface is estimated to have been ~900 to 600 m below 

the original summit of the cone (Wallace et al., 1983). 

 In 1888, a catastrophic sector collapse of the oceanic Ritter volcano in the New 

Britain arc of Papua New Guinea produced a largely submarine amphitheatre and triggered 

a tsunami that had a maximum run-up zone of 12 to 15 m above sea level (Johnson, 1987). 

Volcanic sector-collapse has been a signifi cant process of volcano mass-wasting in Papua 

New Guinea. Johnson (1987) recognised over eight examples from the New Britain volcanic 

arc, nine from the Fly-Highlands province and possibly fi ve others that have been affected 

by faulting and erosion (including Huniho and Kinami on Lihir Island). Johnson (1987) did 

not think that the Luise amphitheatre was sector-collapse amphitheatre, but the topographic 

dimensions are strikingly similar to those of Ritter volcano (4.4 km maximum diameter, a 

breach width of 3.5 km and headwall height of 530 and 740 m; 130 to 140 m above sea level 

and 400 to 600 m below sea level), which was concluded to be a sector collapse feature. 

Tectonic uplift, intrusion of magma into the volcanic cone and possibly phreatic eruptions are 

considered to be triggers to sector-collapse at the Ritter volcano (Johnson, 1987). At Luise, 

tectonic uplift (evidenced by the uplifted limestone) and possibly hydrothermal weakening 

may have triggered the volcanic sector-collapse. The relatively large size of the seaward-

directed sector-collapse amphitheatres of both Ritter and Luise volcanoes may be the product 

of volcanic instability in an oceanic island setting accentuated by tropical weathering and the 

high rate of tectonic uplift in the region.

3.4 Lihir limestone

Lihir Island is encircled by limestone that was formerly a fringing coral reef. Reef colonisation 

does not occur at a fi xed rate but could have occurred as soon as 100 years after the cessation 

of volcanism (Brousse, 1985; Grigg, 1997). The limestone forms a platform around the island 
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Table 3.4 Micro-palaeontologic age determination from Wallace et al. (1983)

Location Sample Fossils Age 
Simberi 
(Tabar) 

69400380 Planktonic foraminifera Late Miocene 
69400381 Foraminifera and algae Early Miocene 
69400382 Larger and planktonic foraminifera Middle to late Miocene 
69400453 Foraminifera, algae, mollusca, bryozoan, 

corals and echinoid spines 
Pliocene or younger 

Lihir 73680049 Foraminifera Insufficient for age 
determination 73680050 

MB609908 
Cave sample Free specimens early Pliocene 

Ambitle (Feni) 73680056 Planktonic and benthonic smaller foraminfera late Oligocene 
Babase (Feni) 73680057 Calcarina, Acervulina and Carpentaria or 

Sporadotrema
Not older than 
Pleistocene 

and was uplifted by as much as 50 m above sea level (Wallace et al., 1983). A moderate south 

to southwesterly tilt and three phases of uplift are indicated by terraces present throughout 

the TLTF island chain (Wallace et al., 1983). The uplifted limestone is absent from Luise 

Harbour and there is a limestone scarp on either edge of the amphitheatre (Moyle et al., 

1990). The absence is interpreted as the result of removal by the volcanic sector-collapse 

event that produced the prominent Luise amphitheatre (Wallace et al., 1983; Moyle et al., 

1990). The age of the limestone therefore puts a lower limit on the age of volcanic sector-

collapse. 

 Prior to this study, the age of the Lihir limestone was only generally constrained to 

younger than Pliocene. Wallace et al. (1983) reported the results of a micro-paleontological 

study on limestone from the TLTF island chain (Table 3.4). Of the four samples submitted 

from Lihir, only one was adequate for age determinations and yielded an age of early Pliocene 

(Wallace et al., 1983).  

3.4.1 Radiometric age dating of the limestone

Two factors have contributed to the diffi culty in obtaining accurate ages of events related to 

the Ladolam gold deposit: the relatively young age of the volcanic island (<3.7 Ma; Rytuba 

et al., 1993) and the geothermal system in the centre of the Luise amphitheatre (230 to 

300°C at depths of 300 to 1200 m below sea level may be suffi cient reset radiometric ratios 

in biotite). In the present work an attempt was made to apply radiometric dating methods to 

the limestone. Radiometric age dates of the limestone may indirectly provide an age for the 
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cessation of volcanism and the volcanic sector-collapse event. A great deal of signifi cance has 

been attached to this event. In particular, epithermal mineralisation overprint on porphyry-

style alteration has been attributed to unroofi ng coincident with sector collapse (Carman, 

1994). 
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 Depending on age, young, well-preserved marine limestone can be dated using Sr 

isotope (e.g. Farrell et al., 1995; Howarth and McArthur, 1997), U-Pb (e.g. Getty et al., 2001; 

Woodhead et al., 2006), and U-series methods (Edwards et al., 1987; Scholz and Mangini, 

2007). U-series disequilibrium was chosen here because it provides the greatest resolution 

over the last ~500,000 years. Assistance and guidance for this project was provided by 

Professor Leonid Danyushevsky, Professor Patrick Quilty, Dr. Andrew McNeill and Ms. 

Sarah Gilbert of the University of Tasmania, and Roland Mass and John Hellstrom of the 

University of Melbourne. 

 Nine samples were taken for U-series disequilibrium analyses. Seven samples come 

from a stratigraphic section (Fig. 3.12), selected for its proximity to the amphitheatre wall, 

and two come from boreholes drilled into the limestone platform by Cardno Limited. The 

stratigraphic section (Fig. 3.12) is composed of three segments separated by recessive 

platforms that are interpreted as wave-cut notches resulting from three stages of uplift 

(Terraces 1, 2 and 3; Fig. 3.12). Samples were collected as large blocks (40 x 50 cm) prised 

from the cliff face using a steel pry bar then sawn to reveal their internal textures. Inaccessible 

cliff facies are displayed on Figure 3.12 as undifferentiated limestone. Facies that compose 

the limestone are biolithite, biosparite and biomicrite (Fig. 3.13) using the scheme of Folk 

(1959). The reef zones (Prothero and Schwab, 1996) are interpreted as reef fl at and reef front 

and the parasequence of reef front to reef fl at is consistent with the three phases of uplift. 

3.4.2 Results

Four samples, Lmst 1, Lmst 6, duplicate of Lmst 6, and Lmst 7 were analysed. The measured 

U-Th isotope activities are listed in Table 3.5 (expanded results in Appendix Table D.2), and 

plotted in a standard 234U/238U vs. 230Th/238U diagram (Fig. 3.14). The U-Th age of Lmst 1 

is 177 ± 28 years (Fig. 3.15), consistent with its position just above sea level on Terrace 1. 

234U/238Ui for this sample is identical to the 234U/238Useawater, and the measured U content (3.33 

ppm) is within the range of modern corals. This sample may be from a near shore portion 

of the modern reef. In contrast, Lmst 6 has U-Th ages in the range from 234 to 274 ka (Fig. 

3.15) and U contents (1.48 to 1.97 ppm) outside the range for modern corals. Lmst 6 plots 

above the seawater curve (Fig. 3.14) indicating open system behaviour as expected based on 
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Figure 3.13 Petrographic classifi cation of limestone types based on components and 
textures from Folk (1959, 1962). Sample locations shown on Figure 3.12. All images are photomicrographs, plane 
polarised light. (A) Foliated texture of micrite and preserved bioclasts. (B) Preserved bioclasts. (C) Preserved bioclasts with 
a partially recrystallised infi ll. (D) Partially recrystallised bioclasts in a micrite matrix. (E) Bioclasts in a sparite cement. (F) 
Bioclasts in a sparite cement. (G) Partially recrystallised bioclasts in a micrite matrix. (H) Bioclasts in a partially recrystallised 
micrite matrix. 
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elevated recrystallised calcite content in this sample.  Lmst 7 (191 ka; Fig. 3.15) also plots 

above the seawater curve; the U content (2.89 ppm) is within the range of modern corals 

but the recrystallised calcite content is >2%. The calculated U-Th ages for Lmst 6 and 7 are 

therefore unlikely to be real coral growth ages. 

 Open system U-Th behaviour of fossil corals is widespread. Open system processes 

will broadly result in measured isotopic compositions for altered corals lying above the 

seawater curve, at apparent ages that are older than their real ages. If the underlying 

mechanism of disturbance (selective redistribution of U and Th isotopes) can be confi dently 

inferred, disturbed U-Th ages may be corrected to produce ‘true’ coral ages (Scholz and 

Mangini, 2007). Although such corrections can be applied to single ages (e.g. Thompson et 

al., 2003), it is usually necessary to constrain the corrections by measuring several coeval 

sub-samples for each coral. This was done for Lmst 6, which had an interval age variability 

of 39 ka, well outside analytical errors. A model U addition line drawn between these two 

data points (also termed an isochron; Scholz and Mangini, 2007) does not intersect the 

seawater curve (Fig. 3.14), suggesting disturbance processes that were more complex than 

can be accommodated by simple U addition. Because of this complexity and the lack of 

comprehensive sub-sampling, no corrections have been applied and the apparent ages (191 

to 274 ka) are simply taken to be maximum ages. 

 Wallace et al. (1983) inferred a lower Pliocene (5.3 to 3.6 Ma) age for a single limestone 

sample from Lihir. If limestone deposition on Lihir does indeed date back beyond 3 Ma, and 

our samples from Terrace 3 are in fact millions of years old, their present U-Th isotope ratios 

must refl ect extreme levels of disturbance. The measured compositions could be generated 

by massive U additions (red arrow; Fig. 3.14) to a limestone at secular equilibrium (point 

Table 3.5 230Th – 234U isotope results for 3 samples of the Lihir limestone  

Sample (230Th/238U)A (234U/238U)A (230Th/232Th)A Age (ka) (234U/238U)i

Lmst 1 0.0019 ± 0.0003 1.1505 ± 0.0025 71.6 0.177 ± 0.028 1.1506 ± 0.0025 
Lmst 6 0.9892 ± 0.0033 1.0933 ± 0.0023 609.2 234.679 ± 3.331 1.1815 ± 0.0037 

Lmst 6x 1.0231 ± 0.0040 1.0869 ± 0.0026 1772.4 273.963 ± 5.77 1.1889 ± 0.0044 
Lmst 7 0.9355 ± 0.0039 1.1071 ± 0.0022 6071.2 190.628 ± 2.296 1.1839 ± 0.0033 

Table notes: Errors are 95% confidence limits; all ratios in brackets are activity ratios; subscript i denotes 
initial. 238U 0.155125 x 10-9/y; 234U 2.835 x 10-6/y (T0.5 244500 y); 230Th 9.195 x 10-6 / y (T0.5 75380 y) 
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A in Fig. 3.14). The added U must be assumed to have much higher 234U/238U than the U 

resident in the limestone. This would then have to be followed by an equally strong loss of U 

which would drive the compositions towards higher 230Th/238U at roughly constant 234U/238U 

(dashed red arrow; Fig. 3.14). In principle, extreme alteration of this type could produce 

apparent U-Th ages ranging from 0 to 500 ka in early Quaternary and older limestones. In 

practice, such extreme changes are highly unlikely unless subaerial weathering at Lihir was 

considerably more severe than in the numerous other tropical settings from which U series 

data have been reported (Edwards et al., 2003). Further U-Th work involving comprehensive 

sub-sampling would be required to better constrain the likely true ages of these limestones. 

3.4.3 Discussion

The Lihir limestone (Fig. 3.16) data presented here appears to imply a very young age of 

limestone deposition (~0.2 Ma to recent), placing a lower limit on the timing of uplift and 
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Fig. 3.14  U-Th isotope evolution diagram Thin grey lines are U-Th isochrons (ages in ka shown along 
top margin). Note convergence of isochrons at ages >450 ka, when system resolution contracts dramatically 
as secular equilibrium (with 234U/238UA = 230Th/238UA = 1) is approached. Blue curves are three system 
evolution lines with initial 234U/238UA at 1.00, 1.10 and 1.152, the latter being identical to 234U/238UA in seawater. 
Measured U-Th isotope ratios for samples 1, 6 and 7 are shown as green error boxes (note Lmst 1 plots very 
close to y-axis). Undisturbed coral U-Th systems should plot on the seawater 234U/238U curve. This is the case 
for Lmst1 (sub-recent, unaltered coral with U-Th age of 177± 28 years) but not for samples Lmst 6, 6x and 7, 
which plot above the seawater curve and thus fail one of the screening criteria. As expected based on their 
high calcite content, the U-Th systems are disturbed. The red arrows schematically show the vectors expected 
from open system processes involving U gain (with high 234U/238U) followed by U loss (model of Scholz and 
Mangini, 2007). For further details, see text.

evolution line 234 U/ 238 U i
234U/ 238U seawater (sw) = 
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Figure 3.15 U-Th dating results. Limestone samples 
were analysed at the University of Melbourne on 18th 
September 2009 by John Hellstrom. Error bars shown on 
graphs reflect only the analytical error and do not 
represent error introduced by diagenetic alteration. (A) 
Limestone samples from terrace 1 (uplifted ~ 14 to 40 m 
above sea level). Ages range from 273.963 to 190.628 ka. 
Samples 6x is a duplicate of sample 6 and the 
discrepancy between the two highlights a large age 
variation. High age variability combined with elevated 
234U/238U (expressed δ234U), are interpreted to reflect 
diagenetic alteration and open system behaviour. (B) 
Limestone sample 1 from terrace 3 (uplifted ~ 0 to 2 m 
above sea level). The calculated age is 0.177 ± 0.028 ka. 
This sample is interpreted to provide a reliable age date. 
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subsequent volcanic sector-collapse. Between ~190 ka and present, ~38 m was uplifted in two 

stages (producing wave cut notches). Volcanic sector-collapse occurred and removed terraces 

1 and 2, creating the Luise Harbour and the prominent scarp of the Luise amphitheatre. These 

limestone ages refl ect formation ~300 ka after the bulk of epithermal gold mineralisation at 

Ladolam (Ar-Ar ages of 0.61 ± 0.25 to 0.52 ± 0.11 Ma; Carman, 1994). The young limestone 

U-Th ages have a high degree of uncertainty and unquestionably display open-system U-Th 

behaviour. 

 The much younger terrace 3 is dated at ~177 years ago, implying that it has been 

uplifted ~2 m out of the sea since 1832 AD. Signifi cant uplift of Lihir Island is highly likely. 

Uplift of 2 to 3 km has been reported for Simberi and Tatau of the neighbouring Tabar Island 

group (Rytuba et al., 1993; McInnes and Cameron, 1994). If Lihir has undergone signifi cant 

uplift over the past 200,000 years, the implication is that the orebody as currently exposed 

may have formed in a host succession that was below sea level. This will be discussed 

further in Chapter 6. 

 
3.5 Summary

The volcano-sedimentary stratigraphy of the Luise volcano is composed predominantly 

of polymictic, sand-matrix-supported breccia and sandstone interbedded with basaltic and 

andesitic lavas and shallow intrusions. Interbedded polymictic breccias and sandstone are 

interpreted to have been deposited predominantly by mass wasting processes. These lithofacies 
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are interpreted to represent proximal (vent and cone) region of the original volcano. 

 The volcano-sedimentary stratigraphy has been intruded by a monzonitic intrusive 

complex.  Hydrothermal facies have overprinted and are centred on the intrusive complex, 

and to a lesser extent have also overprinted the volcano-sedimentary stratigraphy. 

 The Luise amphitheatre is interpreted to be a relatively large volcanic sector-collapse 

scar. Based on 230Th-234U age dating of the uplifted fringing limestone, the sector collapse 

event is younger than ~190 ka. This age is ~300 ka younger than the previously reported 

ages of the Ladolam gold mineralisation. Since volcanic sector-collapse, uplift of the island 

has continued. 
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Figure 3.16 Schematic representation of reef formation, island subsidence, uplift and 
sector-collapse events as recorded by the Lihir limestone. 
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