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CHAPTER 6 

SYNTHESIS OF GEOCHEMISTRY AND PROPERTIES OF 

MAGMAS FROM THE OKATAINA AND TAUPO VOLCANIC 

CENTRES 

This chapter comprises a paper 'The contemporaneously active Okataina and Taupo rhyolitic volcanic 

centres: trends in geochemistry, mineralogy, and magmatic properties during the last 50 kyr, Taupo 

Volcanic Zone, New Zealand' submitted to Journal of Volcanology and Geothermal Research in June 

2004. 

Phil Shane provided all TVC raw data and some OVC data (for the -50 ka Rotoiti and 21.9 ka Okareka 

eruption episodes). Ian Nairn assisted with stratigraphy. Victoria Smith contributed all new OVC data 

and interpretation. 
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ABSTRACT 

The Taupo Volcanic Zone of New Zealand is the most frequently active rhyolitic zone on Earth. Since a 

major caldera-forming eruption episode at -50 ka, >50 rhyolitic eruption episodes have occurred at 

Okataina Volcanic Centre (OVC) and Taupo Volcanic Centre (NC).  These two active calderas provide 

an opportunity to examine contemporaneous magmatic processes at high temporal and spatial 

resolution. Temporal trends indicate OVC intra-caldera eruption episodes tapped progressively more 

evolved (-71-77 wt % Si02), shallower (-400-150 MPa), and cooler (940-730°C) magmas. At N C ,  

pre-26.5 ka activity was relatively infrequent, and eruption episodes were derived from shallow (-1 00 

MPa), cool (-750°C) magmas, containing hydrous mineral phases. Following the caldera-forming 26.5 

ka Oruanui episode, initial eruption episodes were dacitic and were derived from small volume, deep 

(>400 MPa), and hot (>900°C) magmas. At 12 ka, rhyolitic activity at TVC re-commenced, and eruption 

episodes have tapped progressively deeper (-140-300 MPa) and hotter (-790-850°C) magmas. At 

both OVC and TVC volcanoes, the least evolved magmas were erupted following the caldera-forming 

episodes. 

Equilibrium between glass and phenocrysts in OVC and TVC rhyolites suggests that crystallisation 

occurs shortly prior to eruption. Low crystal contents (-5-15%), and the lack of pre-eruptive gradients 

suggests rapid convection and/or short crustal residence times. Melts are extracted from greater 

depths, as indicated by high whole-rock temperatures, before ponding in shallow storage chambers. 

The distinct pressure, temperature, and oxygen fugacity of each magma erupted, and the lack of 

temporal (fractionation) trends, suggests that the magmas are not derived from a single common 

magmatic system/source at their respective centres. Volumetrically subordinate pumice clasts in some 

OVC ejecta display mingled glasses and disequilibrium crystal populations resulting from the intrusion 

and mingling of separate rhyolite magmas prior to eruption. At OVC, some crystal-rich stagnating 

magmas have become reactivated by new intrusions or engulfed into larger magma bodies, and some 

eruption episodes were primed and triggered by mafic intrusion. 

Keywords: Taupo volcanic zone, Okataina, rhyolite, geochemistry, magmatic processes 
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INTRODUCTION 

The Taupo Volcanic Zone (TVZ) in the North Island of New Zealand (Fig. 6.1) is one of the most 

frequently active rhyolitic areas on Earth (Wilson et al., 1995), with >50 eruption episodes in the last 

-50 kyr. Of the eight calderas that make up the TVZ, only the Okataina Volcanic Centre (OVC) and 

Taupo Volcanic Centre (TVC) (Fig. 6.2) are considered to be active. Maroa Volcanic Centre (Fig. 6.1) 

has been infrequently active during the last 50 kyr. Other than the 16.8 ka Puketarata episode (Brooker 

et al., 1993) the timing of post-50 ka events at Maroa has not been accurately constrained (Leonard, 

2003), thus Maroa is not the focus of this study. In the last 50 kyr there have been two major caldera- 

forming episodes and frequent intra-caldera activity, erupting >750 km3 of magma at OVC and TVC 

(Howorth, 1975; Vucetich and Howorth, 1976; Wilson, 1993; Jurado-Chichay and Walker, 2000; Nairn, 

2002). Here, we document and compare the salient geochemical, mineralogical, and magmatic 

properties of the eruption episodes from these two contemporaneously active rhyolitic calderas, and 

1 establish spatial-temporal trends, with an aim to elucidate processes occurring beneath TVZ. 

Figure 6.1. Calderas of the Taupo Volcanic Zone (TVZ) from Wilson et al. (1995). Inset map shows location of 
TVZ in the North Island, New Zealand. 
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Figure 6.2. (A) Map of Okataina Volcanic Centre (OVC) showing the outline of the Okataina (Haroharo) and 
Kapenga calderas, vent locations, and lavas (from Nairn, 2002). Estimated vent locations for Mangaone 
Subgroup (MSg) eruption episodes are from Jurado-Chichay and Walker (2000). Eruptive deposits are listed in 
Table 6.1 .(B) Map of Taupo Volcanic Centre (TVC) showing inferred vents from Wilson (1993) and Wilson (2001). 
Vent locations for Okaia Subgroup (OSg) eruptives are thought to be located in the northern part of modern Lake 
Taupo (Vucetich and Howorth, 1976). Otake tephra may have erupted from the compositionally identical 
Whakaroa Complex on the north shore of the modern lake (Sutton et al., 1995). Eruptive deposits are listed in 
Table 6.2. 

88 
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After the -50 ka caldera-forming Rotoiti episode (>I00 km3) at OVC, the tempo of rhyolitic activity 

increased at both OVC and TVC. Prior to this eruption episode, little activity is recorded at either centre 

over the previous 50 kyr (Wilson et al., 1995; Nairn, 2002). This paper focuses on the post-Rotoiti silicic 

eruption episodes. These deposits are ideal for geochemical study as a robust post-50 ka stratigraphic 

framework exists (Howorth, 1975; Wilson, 1993; Jurado-Chichay and Walker, 2000; Naim, 2002) and 

the deposits are mostly fresh, un-weathered, and the pyroclastics are non-welded. The frequency of 

activity at OVC and TVC provides a high-resolution insight to magmatic processes during periods of 

caldera-forming and intra-caldera activity. 

Previous overviews of TVZ rhyolite volcanism have focused on the chronology and the structure of the 

region (Wilson et al., 1984; Cole, 1990; Wilson et al., 1995) or are detailed petrological investigations 

based on limited suites of samples (Ewart et al., 1975; Nicholls et al., 1992; Sutton et al., 1995; Sutton 

et al., 2000). Some recent studies have focused on the petrology and geochemistry of individual 

eruptive events (e.g., Blake et al., 1992; Nairn et al., 2004; Smith et al., 2004; Shane et al., 2005). 

However, there has been no comprehensive stratigraphic summary and comparison of the 

geochemistry and mineralogy of OVC and TVC rhyolites. 

BACKGROUND 

The TVZ is an active rifting arc, extending by -7 mmlyr, and is characterised by intensely faulted 

thinned crust (-30 km), high heat flow (4200 MW), and frequent, voluminous rhyolitic volcanism (Stern, 

1986, 1987; Villamor and Berryman, 2001; Henrys et al., 2003). There have been at least 23 silicic 

episodes from OVC and 34 from TVC in the last -50 kyr, with an average eruption rate of -14.9 km3 

(magma volume) every kyr. However, bulk volumes of materials erupted at both OVC and TVC vary 

over four orders of magnitude. Eruption styles vary from explosive, large (>I00 km3) ignimbrite-forming 

eruption episodes to small (51 km3), effusive eruption episodes of lava flows and domes. 

I The deposits of the caldera-forming Rotoiti episode (-50 ka) at OVC and Oruanui (26.5 ka) episode of 

TVC are widespread, and both provide important stratigraphic horizons (time planes) at both their own 

and the other caldera. The age of the Rotoiti Pyroclastics and associated widespread Rotoehu Tephra 

(Nairn, 2002) is controversial. The widely reported 64.4k0.4 ka Rotoiti age is based on whole-rock K-Ar 

ages of intercalated lava flows (Wilson et al., 1992). Recent studies based on optical luminescence 

dating (Lian and Shane, 2000), radiocarbon dating using pre-treatments to remove young carbon 

(Santos et al., 2001), and pollen evidence (Shane and Sandiford, 2003) suggest that the Rotoiti 

pyroclastics are significantly younger and were erupted at -45 ka. Due to the age uncertainty, here we 

use an approximate age of 50 ka for the Rotoiti episode. 
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Okataina Volcanic Centre 

There are three distinct periods (phases) of activity at OVC (Table 6.1; Fig. 6.2a) (Nairn, 2002), 

characterised by changes in eruption magnitude, frequency and style. In general, the frequency has 

decreased while the volumes of the individual episodes appear to have increased over the last 50 kyr 

(Fig. 6.3). However, these greater eruption volumes may be an artefact of better preservation of the 

younger (post-26.5 ka) deposits. Any earlier effusive events within the caldera are concealed. 

Pre-50 ka (caldera-formation) 

Explosive activity appears to have commenced at OVC around 340 ka. There were at least three, large 

caldera-forming eruption episodes, together erupting >240 km3 of magma, producing widespread 

ignimbrites (Nairn, 2002). Effusive activity occurred intermittently with the extrusion of rhyolitic lavas 

(Okataina Rhyolites) prior to and after the caldera forming eruptions (Nairn, 2002). 

The Rotoiti eruption episode (-50 ka) was the most recent voluminous (>I00 km3 of magma) event 

known to have altered the structure of the caldera (Nairn, 2002). Vents for the Rotoiti episode were 

most likely situated in the northern part of the caldera, with magma moving up through a basement 

fracture zone that is located beneath the present Haroharo linear vent zone (see below) (Nairn, 2002, 

Fig. 2). The episode started with a sub-plinian eruption of basaltic scoria (Pullar and Nairn, 1972), 

closely followed by alternating plinian and phreatoplinian rhyolitic eruptions. Numerous pyroclastic 

flows were generated, covering extensive areas (>850 km2) with thick (often >50 m), non-welded 

ignimbrites. Co-ignimbrite ash is also widely dispersed and is found interbedded with some of the 

pyroclastic flow deposits. Lithic lag breccias found in the uppermost ignimbrite indicate timing of caldera 

collapse (Nairn, 2002). If any post-Rotoiti collapse lavas were extruded they are buried by younger 

intra-caldera eruptives (Fig. 6.2a). 

The Earthquake Flat eruption episode (EFP) followed the Rotoiti episode. The lack of stratigraphic 

evidence for a significant time break between Rotoiti and EFP deposits suggests these episodes were 

closely spaced (Nairn and Kohn, 1973). The EFP (-1 0 km3) eruptions occurred from craters across the 

southern margin of the Kapenga caldera (Fig. 6.2a) (Nairn, 2002). Kapenga caldera is situated to west 

of, and structurally overlaps with, OVC (Fig 6.1 and 6.2a). The Earthquake Flat pyroclastics (EFP) form 

large fans of non-welded pyroclastics up to 150 m thick, with interbedded fall units, and cover an area 1 
of -100 km2. 

Mangaone Subgroup (-40-3 1.5 ka) 

Frequent intra-caldera activity commenced soon after the caldera-forming Rotoiti episode, with 14 

eruption episodes (Mangaone Subgroup- MSg) between -40-31.5 ka (Fig. 6.3), collectively erupting 

>30 km3 of magma (Howorth, 1975; Jurado-Chichay and Walker, 2000; Smith et al., 2002). The early 

eruption episodes, 'Old MSg' (-40-35 ka) (Smith et al., 2002) are low-Si02 rhyodacites; whereas the 
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Table 6.1 Summary of post40 ka OVC rhyolite~ and their characteristics 
agma Vsta Whole-rock $ Plag Opx Hb g Age yolume &ten: CPX Cgt Bio Sp Ilm T CC) 

f02 (NNO) 
Eruption 

Pc Tw 

(14c yr BP) MI.YrBP) (km3, (%) Si02 (wt%) Sr (ppm) 6 An En MgO(wt%) En;Wo MgO(wt%) MgO(wt%) Xu,, &,,, Average Range Average Range n (MPa) ("C) 

Kaharoa (T) T I  635 i15  0.7 5.0 -11 77.1 - 77.9 50 - 57 X flfKij-."Tm 731 (10) 714-738 0.09 (0.14) -0.11 0.22 5 130 756 

(T) T2 -25 76.0 -76.6 99 - 114 X 21-31 X X >  15.4-16.7-24-26 X ' 105 815 
Whakatane (H) T I  4830 f 20 5.5 13.0 -10-15 76.9 - 77.3 88 - 100 X 22-40 54-61 13.7 - 14.6: m 21 -24 88-91 746 (13) 729-774 0.33 (0.09) 0.21 0.50 10 120 797 

(H) T2 -10-15 76.4 - 77.2 92 - 115 X 22-40 54-61 13.7 - 14.6< m 21 - 24 88 - 91 737 (9) 724-756 0.29 (0.1 1) 0.12 0.42 10 120 799 
(H) T3 -10-15 75.4 132- 134 X 22-40 54-61 13.7- 14.6' 23-24 86 - 8& 770 (5) 765-775 0.52 (0.05) 0.46 0.56 3 120 813 

Mamaku (H) - 7250i20 8.1 17.5 -10-15 76.1 -76.8 104 - 112% 22-54 m B  22 - 26 77 - 84 735 (19) 701-776 0.18 (0.13) -0.1 1 0.55 33 90 812 
Rotoma (H) T I  8530 i 10 9.5 8.0 -10-15 76.5 - 77.9 96 - 112 :X 2541 49-69 12.3 - 15.8 21 -25 79 - 90 752 (19) 710-788 0.47 (0.12) 0.24 0.71 25 135 817 

C (H) T2 -10-15 75.8 - 77.3 111 - 131 :X 25-41 49-69 12.3 - 15.8 21 - 25 79 -90 752 (19) 710-788 0.47 (0.12) 0.24 0.71 - 135 817 
P 

(H) T3 -10-15 75.0 - 76.4 128 - 138 X 25-41 m- 17.0 - 19.0 21 -25 79 -90 752 (19) 710-788 0.47 (0.12) 0.24 0.71 - 135 821 
Waiohau (T) - 11 850 f 60 13.8 11.0~ -5-15 75.8 - 77.8 85 - 110 X 24-43 m B  22 25 86 - 91 762 (23) 705-804 0.36 (0.22) -0.24 0.74 46 75 794 

n 
3 Rotorua 
U) 

(08) T I  13 080 i 50 15.7 1.0' -5 73.4 - 75.2 139 - 177 X 40-47 53-68 23-25 80 -85 871 (10) 849-886 1.11 (0.13) 0.77 1.28 17 230 899 
rn (OB) T2 -25 74.3-75.7 115-142X 20-30 53-68 110-12.4 24 - 26 85 -93 745 (30) 703-777 0.17 (0.20) -0.08 0.40 5 160 850 
$ Rerewhakaaitu (T) T I  14 700 i 110 - 17.7 5.0 -5-15 74.8 - 77.4 79 - 131 X 23-45 m- 23-24 87 -92 721 -0.31 1 145 779 

s (T) T2 -5-15 74.8 - 77.4 79 - 131 X 23-45 m- 27 87-92 750 (18) 720-768 0.43 (0.14) 0.22 0.59 5 160 779 
Okareka (T) T I  18420 i 140' 21.9 8.0 -5-15 X 24-42 11.0-15.0 24 -26 88 -90' 759 (20) 732-796 0.30 (0.20) 0.12 0.70 8 100 

(T) T2 -5-15 'X 24-29 47-59 24 - 27 90 -91' 724 (14) 703-740 0.05 (0.15) -0.24 0.14 10 100 
(T) T3 -5-15 74.8 - 75.9 1 17 - 128 X 2544 X 21 -23 84 -87 794 (12) 776-812 0.82 (0.08) 0.69 0.92 13 100 839 

Te Rere (H) T1 21 100 i 320 25.0 13.0 -515 75.6 - 76.5 115 - 134 X 26-50 54-70 12.6 + 15.2 22 - 27 80 -8$ 801 (24) 761-872 1.43 (0.16) 1.09 1.88 42 150 804 
(OB) T2 -15 74.6 X 15% 40-60 11.0 - 15.T 19- 27 84 - 93 708 (3) 707-710 -0.07 (0.01) -0.06 -0.07 2 130 801 
(OB) T3 45-20 74.2 164 X 3149 60-69 14.1 - 15.9 X X 150 897 - 

unit L' 26 250 i 220' 31.5 2.3' -5 74.2 125 X 32-44 m B  25-28 88 - 91' 756 (24) 720-781 0.12 (0.19) -0.10 0.29 5 210 824 
-&, Omataroa 28 220 i 630 32.5 4.1' -5 72.9 - 75.5 121 - 136 X 3243 m B  &25 -28 83 - 91 781 (18) 747-810 0.28 (0.14) -0.08 0.44 14 190 828 
5 Awakeri 

0) 0 
32.8 0.2~ -5 74.8 - 75.1 123 - 125 X 32-37 m B  124 -30 88 -92 769 (37) 724-816 0.14 (0.13) -0.02 0.31 4 185 825 

2 Mangaone 28 060 i 270t 33.0 12.0 -5 74.6 - 75.6 118 - 131 X 32-42 m- 524 -26 84 -87 797 (30) 739-845 0.55 (0.22) 0.10 0.82 13 230 817 - 
unit H' 34.5 0.1' -5 71.6 - 73.2 139 - 143 41 m B  '23 -26 85 - 86 828 (25) 798-871 0.71 (0.10) 0.55 0.82 6 220 871 4- unit G' 35.0 0.6' -5 47 9 4  81 - 83 925 (9) 916-939 0.88 (0.03) 0.85 0.93 5 290 
Hauparu 35 870 i 1270 36.1 3.9' -5 67.5 - 70.5 170 - 199 39-58 mm-7 28 - 32 80 - 84 920 (26) 850-954 0.82 (0.1 1) 0.70 1.24 24 370 947 
Te Mahoe 31 720 i 370t 36.7 0.3' -5 68.6 - 70.6 193 - 228 43-53 m m B  '23 - 31 80 - 84 904 (32) 852-950 0.89 (0.16) 0.68 1.25 22 355 951 

" Maketu :- 36.8 2.8' -5 68.4 - 69.4 217 - 226 41-56 mB- '29 - 31 80 - 84 934 (9) 914-943 0.90 (0.10) 0.64 1.06 30 >400 956 
m pongakawaD 0.1' -5 48 m B m  23 - 34 83 - 84 867 (66) 827-944 0.86 (0.18) 0.65 0.97 3 >400 ' O ~ u ~ u w h a r a u ~  0.1' -5 49 34 85 941 (20) 928-964 0.74 (0.24) 0.58 1.01 3 >400 

unit C' 38.0 0.2' -5 * X u  X X 
Ngamotu 39.0 1.2' -5 69.3 - 70.2 204 -213 *45-57 64-68 22 - 25 74 - 77 937 (10) 923-947 1.40 (0.05) 1.34 1.45 5 >400 952 

- unit A' 40.0 0.1' -5 70.1 203 . 48 58-68 '23 - 25 75 - 79 915 (28) 884-943 1.39 (0.08) 1 .27 1.45 4 >400 947 
Earthquake Flat' c. 45 10.0 < 40 73.1 - 74.5 136 - 151 26 - 27 89- 91 742 (16) 722-763 0.08 (0.12) -0.07 0.30 10 145 896 
Rotoiti T I  c. 50 120.5 -15-25 73.0 - 75.5 137 - 162 19 -21 84 - 87 768 (12) 725-786 0.92 (0.08) 0.54 1.07 49 200 892 

T2 -15-25 mingled mingled bX 26-29 X 10.5 - 13.0 25-27 90-92 712 (14) 698-728 -0.16 (0.16) -0.35 0.03 4 250 892 

Ages and volumes from Froggatt and Lowe (1990) and Nairn (2002) with additional information from: t Jurado-Chichay and Walker (2000); ' Kilgour (2002); $ Sand~ford et al (2002); 5 Smith et al. (2002); #Speed et al. (2002). Ages calibrated 
using Stuiver et al. (1998). ' erupted from Kapenga caldera, T = Tarawera linear vent zone, H = Haroharo hear vent zone, OB = Okareka Bas~n. Plag = plag~oclase; opx = orthopyroxene; hb = hornblende; cpx = clinopyroxene; cgt = 
cummingtonite; bio = biotite; sp = spinel; Ilm = ilmenite. n = number of analyses. Shading denotes phases present with black shading highlighting the dommant ferromagnesian phases. X = pP2Sent but not analysed. X ,, and XI, calculated using 
the method of Carmichael (1967). Whole-rock data for Kaharoa, Waiohau, Rotorua, and Mangaone Subgroup has been previously publ~shed (Leonard et al., 2002; Smith et al., 2002; Speed eta!., 2002; Nairn et a!., 2004; Smith et al., 2004). Whole- 
rock data for Rerewhakaaitu and Okareka are from Beggs (2002), and Rotoiti and EFP are from Schmitz (1995) and Davis (1985). 
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Age (103 cat. yrs BP) 

Figure 6.3. Volumes and ages of OVC and TVC silicic episodes. Shading denotes eruptive subgroups (see 
Tables 6.1 and 6.2). The MSg, pre- and post-26.5 TVC eruption episode volumes are for pyroclastics only; any 
associated intra-caldera lavas (not exposed) are not included. 

later eruption episodes, 'Young MSg' (-35-31.5 ka) (Smith et al., 2002), are high-SiOs rhyolites. The 

eruption episodes were closely spaced with an episode approximately every 700 years (Table 6.1; Fig. 

6.3). Unlike the -50 ka Rotoiti episode, there is no evidence of basaltic eruptions or basaltic-rhyolite 

magma interaction during this period of activity. Paleosols separate all the MSg eruptive units. MSg 

eruptions were typically short-lived (<I2 hours), magmatic and phreatomagmatic, medium-sized (0.1- 

12 km3 magma), plinian (-35 km-high columns) episodes (Jurado-Chichay and Walker, 2001). 

Pyroclastic density current deposits are associated with the large 33 and c. 31.5 ka eruption episodes 

(Jurado-Chichay and Walker, 2001). Thick outcrops (>60 m) of the 33 ka ignimbrite (>6 km3) are found 

within Puhipuhi Basin (Fig. 6.2a). These were previously thought to be -0.23 Ma (Kawerau ignimbrite) 

(Beresford and Cole, 2000), but overly the -50 ka Rotoiti Pyroclastics (K. Spinks pers comm., 2002). 

lsopach data suggests vents of the Old MSg eruption episodes were located within the central 

Okataina (Haroharo) caldera (Fig. 6.2a) (Jurado-Chichay and Walker, 2000). Vents of the Young MSg 

eruption episodes appear to have been located in the Puhipuhi Basin (Jurado-Chichay and Walker, 

2000), on the eastern margin of the Okataina (Haroharo) caldera (Fig. 6.2a). However, all exposed 
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MSg deposits lack proximal ballistic blocks that could accurately constrain their vents. Thus, it is also 

possible that all MSg vents were located in the Haroharo caldera, and have subsequently been 

concealed beneath post-26.5 ka intra-caldera pyroclastics and lavas. 

Rotorua Subgroup (post-26.5 ka) 

There have been nine intra-caldera, rhyolitic eruption episodes at OVC in the last 26.5 kyr (time plane 

marked by the tephra from the TVC Oruanui episode) referred to as the Rotorua Subgroup (RSg). 

Eruptions amounted to >80 km3 of magma (Fig. 6.3). These eruption episodes were fairly evenly 

spaced at 1.5-5 kyr intervals (Fig. 6.3), at an average rate of -1 episode per 2.8 kyr (= 0.1 m3s" 

magma erupted). All of these eruption episodes occurred from multiple vents along one of the two 

linear vent zones, Tarawera and Haroharo (Fig. 6.2a). These vents zones are up to 20 km long and 

appear to lie above deep-seated basement fracture zones, which are parallel to the dominant fabric of 

the TVZ (Nairn, 1989). The Haroharo linear vent zone (Haroharo) appears to be the northeast- 

continuation of the Ngakuru graben, occupying the axis of the TVZ rift to the southwest of OVC (Nairn, 

2002). In contrast, the Tarawera linear vent zone (Tarawera) does not appear to be the direct 

continuation of any major faults or structures to the southwest; instead it continues northeast into the 

Whakatane graben (see Nairn, 2002). Activity from both linear vent zones has been both explosive and 

effusive, with 1-10 km3 of pyroclastics and > I  km3 of lava flows and domes commonly erupted in each 

episode (Nairn, 2002). No TVZ rhyolite eruptions have been observed but measured and theoretical 

rates of silicic dome extrusion are in the range of 1-17 m3/s (Stevenson et al., 1994; Young et al., 

1998). These rates imply that the post-26.5 ka eruption episodes would have been prolonged (often >4 

years). Deposits of the eruption episodes are all separated by paleosols, reflecting volcanic 

quiescence. Explosive activity was predominantly magmatic, producing -30 km-high plinian columns 

and localised ( ~ 2 0  km from vent) pyroclastic density currents (e.g. Nairn et al., 2001; Speed et al., 

2002). Although rhyolite is the dominant magma erupted (>97% of OVC products), small basaltic 

eruptions were associated with rhyolitic episodes at: (a) Rotomahana sometime between 22-28 ka 

(Nairn, 2002); and at (b) Tarawera at the beginning of the 21.9 ka Okareka eruption episode (Nairn, 

1992). Basaltic-rhyolitic magma interaction is also evident in the 0.7 ka Kaharoa episode (Leonard et 

al., 2002; Nairn et al., 2004). The only solely basalt episodes are the small-scale 1886 AD Tarawera 

(0.7 km3) and 3.4 ka Rotokawau (0.5 km3) eruptions. 

Taupo Volcanic Centre 

TVC (Fig. 6.1 and 6.2b) lies -60 km south-southeast of OVC. The ages and volumes of TVC eruption 

episodes are summarised in Table 6.2. Activity is divided into four phases. 

Pre-50 ka 

Activity appears to have commenced at TVC at -320 ka. However, pre-50 ka TVC eruptives are poorly 

exposed and ages are poorly constrained. During this period (320-50 ka) activity was 



Unit Z 
2 p n i t  Y 1850 

Unit X 2150 - 
Unit W c. 2650" 
UnitV 2700 
Unit U c. 2750" 

P Unit T C. 3000" 

f? 
m .  

Unit S 3300 
Unit l to R 3950-5200" 

V) ,, Unit G & H 5300.5800" 

Table 6.2 Summary of post-50 ka TVC rhyolites and their characteristics 

E Unit F c. 6150" 
r u n i t  E C. 9050" 

P. $ Unit D C. 9780" 
Unit C c. 9800" 

2 Unit6 9910 i 70A - 
Unit A c. 14 200" 

3 Unit i-2 c 15 600" 
Unit IY c. 17 200" 
Oruanui 22 590 i 230" 

n Poihipi 27.3 
Okaia 25080i 230' 29 

m- 
a m Tahuna 3gL = rn 
(1 2 Tihoi 40 
'a Waihora 41 

Otake 42 

812 (18) 758 - 838 -0.54 (0.17) -0.98 -0.36 14 320 867 
805 (19) 779 - 829 -0.58 (0.22) -0.85 -0.33 5 160 896 

130 878 
788 (33) 737 - 837 -0.75 (0.24) -1.17 -0.42 10 145 871 
941 (12) 923 - 955 0.20 (0.06) 0.12 0.28 5 >400 

>400 1049 
923 (23) 883 - 968 0.24 (0.09) 0.02 0.39 19 >400 1060 

530 -10-20 71.8 - 76.7' 123 - 1 774 (12) 745 - 796 -0.14 (0.10) -0.33 0.08 38 170 914 
0.5 -10-20 771 (6) 765 - 776 0.07 (0.10) -0.02 0.18 4 150 
3 -10-20 74.8' 139' 789 (17) 751 - 808 0.21 (0.09) 0.12 0.42 I0 95 866 
1 -10-20 

Ages and volumes from Froggatt & Lowe (1990) and A Wilson (1993) with additional information from: @ Blake et a/. (1992); A Lowe et a/. (1999); $ Sandiford et a/. (2002); 1 Shane & Sandiford (2003); 
Sutton et al. (1995; 2000); n Wilson (2001). Bulk volumes of Wilson (1993) converted to magma volume (dense rock equivalent) using a conversion factor of 0.3. See footnote of Table 1 for other symbols. 
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predominantly domes and subordinate pyroclastics. There were also some ignimbrite-forming events 

as two welded ignimbrites are exposed on the northern shores of modern Lake Taupo (Sutton et al., 

1995). Pyroclastic activity appears to have slowly shifted south from Maroa to Whakamaru and then to 

TVC in last 200 ka (Fig. 1) (Leonard, 2003). 

Okaia Subgroup (-42-27.3 ka) 

Similar to OVC, pyroclastic activity is well recorded at TVC after the large Rotoiti episode at OVC (-50 

ka), which provides a time plane in the TVC area. TVC was only intermittently active during this period 

(Table 6.2; Fig. 6.3), with six eruption episodes making up the Okaia Subgroup (OSg) (Vucetich and 

Howorth, 1976; Froggatt and Lowe, 1990; Sutton et al., 1995). Tahuna tephra, which was previously 

considered to have been erupted from OVC, is included in this subgroup as its dispersal and chemistry 

are more consistent with a TVC source (Smith and Shane, 2002). Eruption episodes were small- 

medium (0.5-3 km3) in size and activity was predominantly plinian and phreatoplinian. The presence of 

juvenile obsidian within some deposits suggests that dome building could have accompanied some of 

the OSg episodes (Wilson et al., 1984). Partial isopach maps suggest vent locations of these eruption 

episodes are located in the northern sector of the TVC, most under modern Lake Taupo (Fig. 6.2b) 

(Vucetich and Howorth, 1976). 

26.5 ka Oruanui episode 

The 26.5 ka Oruanui eruption episode marks the major turning point in the structural and magmatic 

evolution of TVC (Sutton et al., 1995). The eruption episode was voluminous producing -530 km3 of 

rhyolite magma (Wilson, 2001), greater than the combined volume of all other post-50 ka TVZ 

eruptives. The Oruanui eruption episode is the largest known phreatomagmatic eruption, generating 

both plinian and phreatoplinian fall and widespread non-welded pyroclastic density current deposits, 

dispersing co-ignimbrite ash >I000 km from the vent (Wilson, 2001). Although most of the deposit is 

rhyolitic (-99%), there some rare mafic fragments considered juvenile by Sutton et al. (1995). The vent 

for Oruanui was in the central part of the present lake (Fig. 6.2b) (Wilson, 2001), which now occupies 

the 140 km3 caldera formed during this episode. 

Taupo Subgroup (Post-26.5 ka) 

There have been 28 intra-caldera eruption episodes from TVC since the 26.5 ka Oruanui caldera- 

forming episode (Table 6.2; Fig. 6.3) (Wilson, 1993). The first three post-Oruanui eruption episodes (at 

c 20.5 ka, c. 18.8 ka, and c. 17 ka) were small volume (S0.03 km3) and dacitic. Rhyolitic activity re- 

commenced at 12 ka and the following 24 events were explosive, plinian, and phreatoplinian rhyolitic 

episodes (Table 6.2; Fig. 6.3). Volumes range from 0.01 to -13.4 km3 and total -22 km3. The majority 

(-20 km3) of the erupted volume was emplaced during three episodes, 10 ka Unit E (1.4 km3), 3.6 ka 

Unit S (5.1 km3), and 1.8 ka Unit Y (-13.4 km3) (Wilson, 1993). The 3.6 ka Unit S episode was unusual 

as the eruption of rhyolite magma was triggered by andesite intrusion (Blake et al., 1992). Juvenile 
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obsidian observed in some deposits suggests that lava extrusions accompanied some of the episodes 

(Wilson, 1993), but any lava flows would have been destroyed by caldera collapse during the 1.8 ka 

Unit Y episode, or are submerged beneath Lake Taupo. Likely vent locations for the post-26.5 ka 

eruption episodes are shown in Figure 6.2b. Precise vent locations are uncertain, as there are no 

proximal exposures to constrain the isopachs. Vents of the rhyolitic episodes appear to have been 

concentrated along a northeast-southwest trending zone, which parallels the regional tectonic regime 

of the TVZ, on the eastern side of the present Lake Taupo (Wilson, 1993). 

MINERALOGY OF POSTBO KA OVC AND TVC SlLlClC MAGMAS 

The mineralogy of OVC and TVC rhyolites is summarised in Tables 6.1 and 6.2. 

Okataina Volcanic Centre 

The Rotoiti pumices have a dominant mineralogy of plagioclase> quartz> cummingtonite> Fe-Ti oxides, 

with trace hornblende and orthopyroxene. Many ash beds of the Rotoiti deposits are particularly crystal 

rich (Nairn, 1981). Late-stage pumices contain biotite and have a mineralogy of plagioclase> quartz> 

biotite> hornblende> cummingtonite> Fe-Ti oxides (Table 6.1) (Shane et al., 2005). Earthquake flat 

pyroclastics (EFP) pumices are crystal rich (up to 40 %). Some clasts contain large (up to 7 mm) quartz 

and biotite crystals. The mineralogy of most clasts is plagioclase> quartz> biotite> hornblende> Fe-Ti 

oxides> orthopyroxene (Davis, 1985; Shane et al., 2005). 

The MSg pumices are generally mineral poor (-5% crystals), and are dominated by plagioclase and 

orthopyroxene. The Old MSg deposits contain clinopyroxene and have a mineralogy of plagioclase> 

orthopyroxene+ clinopyroxene+ hornblende> Fe-Ti oxides (Smith et al., 2002). The earliest Old MSg 

units, Unit A and Ngamotu, have hornblende as the dominant ferromagnesian mineral with only minor 

orthopyroxene and clinopyroxene. Young MSg deposits lack clinopyroxene and have a mineralogy of 

plagioclase> orthopyroxene+ hornblende> Fe-Ti oxides> quartz (Smith et al., 2002). 

Eruption episodes from OVC in the last 26.5 kyr are characterised by the presence of plagioclase and 

quartz and often cummingtonite and/or biotite. These pumices and lavas contain 5-20% crystals and 

have a mineralogy of plagioclase> quartz> orthopyroxene+ hornblende* cummingtonitek biotite> Fe-Ti 

oxides (Table 6.1). Zircon and apatite are found as accessory phases. Cummingtonite is more common 

in Haroharo rhyolites- and biotite dominates in all except one Tarawera rhyolite. The biotite-bearing 

Tarawera (21.9 ka Okareka, 17.7 ka Rerewhakaaitu, and 0.7 ka Kaharoa) eruptives all contain 

subordinate cummingtonite. Eruptives from the Okareka Basin (OB; Fig 6.2a) at the south western end 

of the Haroharo linear vent zone, do not contain cummingtonite, and often contain either clinopyroxene 

or biotite. In post-26.5 ka OVC deposits, clinopyroxene is found only in those from the OB (25 ka Te 

Rere and 15.8 ka Rotorua) where it occurs in trace amounts. Most post-26.5 ka OVC rhyolites display 

stratigraphic variations in mineralogy. This variation is often associated with eruption episodes tapping 

two or more geochemically different magmas (e.g. Nairn et al., 2004; Smith et al., 2004). 
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Taupo Volcanic Centre 

OSg eruptives contain approximately 10-20% crystals (Table 6.2) (Sutton et al., 1995). They are 

characterised by the presence of both quartz and hornblende. The mineralogy of the deposits is 

commonly plagioclase> quartz> hornblende> orthopyroxene> Fe-Ti oxides. Our observations show that 

most pre-26.5 ka (c. 42 ka Otake, c. 41 ka Waihora, and c. 27.3 ka Poihipi) eruptives contain biotite in 

varying abundance (Table 6.2). Apatite and zircon are commonly present as accessory phases. 

The 26.5 ka Oruanui pumices are crystal-poor (-10-20%) and contain plagioclase> quartz> 

hornblende> orthopyroxene> Fe-Ti oxides (Sutton et al., 1995). The following 3 dacitic eruptives (Table 

6.2) are crystal-rich (1 6-20%) and have a mineralogy of plagioclase> clinopyroxene> orthopyroxene> 

Fe-Ti oxides. The crystals are large, up to 2 mm in length. Post-12 ka rhyolitic pumices are crystal poor 

(-24% crystals), with plagioclase> orthopyroxene> Fe-Ti oxides. Clinopyroxene is present in units B-E, 

and Y, and Unit B and S contain trace amounts of hornblende. Accessory phases are apatite and 

zircon. Quartz is not found in any post-26.5 ka deposits. 

WHOLE-ROCK CHEMISTRY OF OVC AND TVC RHYOLITES 

Ranges of whole-rock major and trace element compositions, determined by X-ray fluorescence 

spectrometry (XRF) are presented in Tables 6.1 and 6.2. Samples of large pumice clasts (>4 cm) were 

used in our study to ensure the analyses were representative of original magmatic compositions and 

were unaffected by preferential crystal loss during eruptive fragmentation. Thus, some fine-grained 

deposits have not been analysed by XRF. All XRF analyses have been normalised to 100% to account 

for the variability associated with differences in hydration between samples. Typical variation within 

deposits of individual eruption episodes is approximately *1.5 wt % Si02, and +25 ppm in Zr and Sr. 

This chemical variation could be associated with varying crystal contents of pumice clasts, which is 

often up to +15%. Sr, Zr, and Rb are particularly useful in distinguishing compositional categories. 

Positive correlations in whole-rock compositions are observed between Si02 and K20; Sr and Zr; and 

Ba and Rb. Trends of depletion with increasing Si02 are observed in the compatible trace elements Sr 

and Zr. Whole-rock compositions are always less evolved than the glass compositions of the same 

samples (Fig. 6.4), due to the crystal contents within the rocks. 

Okataina Volcanic Centre 

Six silicic compositional categories are observed within the OVC whole-rock data (Table 6.3; Fig. 6.5). 

The Old MSg are the least evolved and classify as dacites-rhyodacites (Si02 -67-71 wt %). The 

remainder of the OVC deposits are rhyolites (Si02 >71.6 wt %). RSg (post-26.5 ka) eruptive deposits 

from Tarawera and Haroharo linear vent zones have similar major and trace element compositions 

(73.4-77.9 wt % Si02; 85-185 ppm Zr; Fig. 6.5). However, biotite-bearing eruptives from Tarawera are 

distinguished by higher SO2, K20, Ba, and Rb; and lower CaO, Sr, and Zr contents (Fig. 6.5). 
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Clinopyroxene-bearing (low-K20), Okareka basin (OB) deposits, erupted during the 25 ka Te Rere and 

15.8 ka Rotorua episodes (Table 6.1), differ from other post-26.5 ka eruptives (RSg), with high Sr (1 39- 

177 ppm) and Zr (203-243 ppm) (Fig. 6.5). Old MSg, Young MSg, and low-K20 (clinopyroxene-bearing) 

OB eruptives are distinctive from other OVC deposits with high Zr (>I80 ppm) (Fig. 6.5). Simple 

fractional crystallisation within a single parent magma cannot account for the compositional diversity of 

products erupted from the same source vent area over a geologically-short time interval (-20 kyr), such 

as post-26.5 ka Haroharo eruptives (Fig. 6.5~). Sutton et al. (2000) reached similar conclusions for 

post-26.5 ka W C  dacites and rhyolites. 

Old MSg (WR) 
M Old MSg (G) 

A Young MSg (VW) 

A Young MSg (G) 

X Haroharo (WR) 

0 Haroharo (G) 

66 68 70 72 74 76 78 

SiOz (wt %) 
Figure 6.4. Whole-rock versus glass composition for some OVC eruptives, labelled by subgroups (see Table 6.1). 
Glass compositions (G) are more evolved than those of the whole-rock (WR). Bars denote typical analytical error. 
Haroharo = Haroharo linear vent zone (RSg) eruptives (see Table 6.1). 

Table 6.3. Whole-rock compositional categories for OVC and N C  eruptive deposits 

Si02 (wt %) K20 (wt %) Sr (ppm) Zr (ppm) 

ovc 
1 Low-K20 Rotoiti (-50 ka) 74.0-75.9 2.3-2.5 137-1 62 154-1 78 
2 EFP (-50 ka) 73.0-74.5 2.1-2.6 136-151 142-1 78 
3 Old MSg (-40-35 ka) 67.0-71 .O 1.8-2.3 170-226 190-270 
4 Young MSg (-35-31.5 ka) 71.6-75.6 2.4-2.9 1 18-1 43 180-260 
5 RSg (post-26.5 ka) & high-K20 OB 74.3-77.9 2.9-3.8 50-1 42 85-1 85 
6 Low-K20 OB (25 ka Te Rere & 15.8 ka 73.4-75.2 2.6-2.9 139-1 77 203-243 

TVC* 
1 Osg (42-27.3 ka) & Oruanui (26.5 ka) 71.8-76.7 120-1 80 
2 Dacites (20.5-17 ka) 64.8-66.4 1.8-2.4 232-242 188-1 96 
3 Subgroup 1 (units B-E, 11.7-1 0 ka) 72.8-74.2 2.5-2.8 132-1 76 223-246 
4 Subgroup 2 (units F-W, 7.05-2.75 ka) 73.6-75.2 2.7-2.9 124-1 52 224-237 
5 Subgroup 3 (units X-Z; post-2.2 ka) 73.3-74.3 2.6-2.9 146-1 68 21 1-226 

data from Sutton et al. (1995, 2000) 
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Taupo Volcanic Centre 

TVC deposits are generally rhyolitic (SO2 >72 wt %; Table 6.2), exceptions are the c. 20.5 ka, c. 18.8 

ka, and c. 17 ka units which are dacitic with -65 wt % SO2. TVC eruptives can be split into five 

compositional categories based on whole-rock geochemistry and isotopes (Table 6.3) (Sutton et al., 

1995; Sutton et al., 2000). The data of Sutton et al. (1995) shows that the deposits of the c. 40 ka Tihoi 

and c. 29 ka Okaia eruptions are isotopically and chemically similar to those of Oruanui (26.5 ka). 

Oruanui deposits display a wide compositional range (71.8-76.7 wt % SO2) (Wilson, 2001), and two 

trends are observed in trace element data (Sutton et al., 1995). This variation could be associated with 

heterogeneous crystal contents, multiple compositionally different magmas, or the inheritance of 

xenoliths. Sutton et al. (1995; 2000) identified three post-26.5 ka rhyolitic subgroups based on whole- 

rock (major and trace elements) and isotope data (Table 6.3, categories 3-5). 

Glass analyses of post-50 ka OVC and TVC deposits are summarised in Tables 6.4 and 6.5. The 

composition of the glass shards range from 70.9-78.5 wt% Si02 and 2.2-4.5 wt % K20, indicating that 

the rhyolites are medium-K20 and calc-alkaline. Typical analytical totals are between 92 and 97%. The 

discrepancy from 100% is mostly due to secondary hydration (Shane, 2000). Analyses were 

recalculated to 100% to facilitate comparison. Variations in glass composition do not follow eruption 

stylesldeposits, e.g., lava versus pyroclastics. However, due to the prolonged extrusion and the 

thickness of rhyolite lavas, some lava samples have experienced prolonged cooling which led to 

devitrification andlor alkali exchange. These samples, which display significantly higherllower Na20 

andlor K20 relative to other analyses (Scott, 1971), were discarded in this study. 

lokataina Volcanic Centre 

Glass compositional categories 

Glass shards in OVC pyroclastic deposits and lavas contain 70.9-78.5 wt% SO2, 0.5-2.5 wt% CaO, 

and 2.3-4.6 wt% K20 (Table 6.4). Since the Rotoiti episode, the OVC deposits have generally become 

more evolved with time (Fig. 6.6a; Table 6.4). It is evident that Si02 reaches a limit at 78.5 wt %, even 

though K20 continues to increase, as the melts become more evolved (Fig. 6.6a). Seven glass 

geochemical categories are identified, also related to stratigraphy (Table 6.6; Fig. 6.6a). The glass 

compositions also largely relate to ferromagnesian mineralogy and whole-rock compositional 

categories (see Table 6.7). Biotite-bearing deposits have glass compositions with Si02 >77 wt % and 

K20 >4 wt %. Deposits with abundant clinopyroxene are less evolved with high FeO (>1.3 wt %) and 

CaO (>I .2 wt %) (Fig. 6.6b). 
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0 3-01dMSg 

0 4 - Yaung MSg 

S 5 - Haroham 

5 - Terawera 

A 5-LOW K@OB 

66 68 70 72 74 76 78 
SiOz (wt %} 

0 25 ka Te Rere 
9.5 ka Rotoma 

0 8.1 ka Mamaku 
A 5.6 ka Vhakatanc 

Figure 6.5. (A) and (B) Whole-rock compositions of OVC deposits. Numbers relate to categories in Table 6.3. 
Haroharo = Haroharo linear vent zone (RSg) eruptives and Tarawera = Tarawera linear vent zone (RSg) 
eruptives (see Table 6.1). (C) An example of simple Rayleigh crystal fractionation modelling of post-26.5 ka 
deposits from Haroharo linear vent zone. Fractionation modelling using modal proportions of observed 
phenocrysts cannot explain the compositional array. The best-fit model requires high proportions of 
ferromagnesian mineral crystallisation relative to plagioclase. This model also does not explain the variability 
within eruption episodes such as the 5.6 ka Whakatane. See Table 6.1 for mineral abbreviations. 



Table 6.4. Glass chemistry of OVC deposits 

Rotoiti (71) Rotoiti (T2) EFP unit A* Ngamotu* Pupuwharau' Pongakawa* Maketu Te Mahoe* Hauparu* unit G* unit H 

SiQ 
Ti O2 
4203 
FeO 
MnO 
MgO 
CaO 
N@ 
K20 
CI 
H20 

Mangaone 
Mangaone Flofl Awakeri Omataroa unit L Te Rere (Tl) Te Rere (T2: Te Rere (T3: Okareka (Tl: Okareka (T2: Okareka (T3: Rerewhakaaitu 

SiQ 76.87 (0.26) 76.72 (0.39) 76.99 (0.20) 77.1 0 (0.21) 76.86 (0.27) 77.37 (0.35) 77.60 (0.30) 77.22 (0.18) 77.81 (0.23) 77.67 (0.21 ) 77.76 (0.19) 77.89 (0.21) 
TO2 0.23 (0.07) 0.27 (0.08) 0.20 (0.07) 0.21 (0.07) 0.22 (0.06) 0.21 (0.07) 0.15 (0.06) 0.30 (0.09) 12.31 (0.1 1) 12.28 (0.08) 12.20 (0.09) 0.18 (0.07) 
,4203 12.85 (0.13) 12.78 (0.16) 12.72 (0.12) 12.72 (0.12) 12.77 (0.13) 12.48 (0.16) 12.12 (0.21) 12.53 (0.09) 0.18 (0.07) 0.15 (0.07) 0.21 (0.07) 12.23 (0.12) 
FeO 1.22 (0.08) 1.22 (0.08) 1.22 (0.09) 1.17 (0.07) 1.21 (0.10) 1.03 (0.13) 0.86 (0.10) 1.00 (0.15) 0.90 (0.1 1) 0.86 (0.08) 1.02 (0.10) 0.94 (0.11) 
MnO 0.09 (0.06) 0.08 (0.05) 0.10 (0.06) 0.10 (0.06) 0.10 (0.06) 0.09 (0.06) 0.08 (0.05) 0.06 (0.07) 0.08 (0.05) 0.09 (0.04) 0.07 (0.05) 0.06 (0.05) 
MgO 0.07 (0.06) 0.15 (0.07) 0.10 (0.06) 0.04 (0.04) 0.09 (0.06) 0.17 (0.07) 0.07 (0.04) 0.19 (0.06) 0.11 (0.06) 0.10 (0.05) 0.18 (0.05) 0.12 (0.06) 
CaO 1.14 (0.06) 1.11 (0.07) 1.08 (0.06) 1.06 (0.06) 1.08 (0.07) 1.00 (0.07) 0.64 (0.12) 1.23 (0.07) 0.76 (0.09) o . n  (0.05) 1.02 (0.06) 0.90 (0.06) 
N@ 4.42 (0.13) 4.49 (0.16) 4.38 (0.16) 4.45 (0.19) 4.45 (0.16) 4.30 (0.17) 3.84 (0.35) 4.20 (0.11) 3.87 (0.14) 3.76 (0.09) 3.97 (0.10) 4.17 (0.20) 
K@ 2.95 (0.06) 3.00 (0.07) 3.08 (0.11) 2.99 (0.06) 3.04 (0.06) 3.19 (0.11) 4.47 (0.24) 3.15 (0.06) 3.81 (0.15) 4.16 (0.05) 3.43 (0.07) 3.43 (0.07) 
Cl 0.16 (0.04) 0.17 (0.03) 0.15 (0.02) 0.16 (0.03) 0.18 (0.03) 0.16 (0.05) 0.18 (0.05) 0.12 (0.03) 0.17 (0.04) 0.15 (0.02) 0.14 (0.03) 1.89 (2.60) 
H20 6.69 (1.06) 4.54 (1.24) 6.96 (1.63) 7.10 (0.96) 6.24 (1.52) 3.99 (2.12) 5.43 (1.36) 1.89 (0.42) 6.88 (1.07) 4.12 (1.75) 3.76 (2.05) 3.88 (2.13) 
n 57 21 20 58 30 209 33 11 27 13 37 138 
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RereF;kaanu Rotorua (TI) Rotorua (T2) VLbbhau Rotoma (TI) Rotoma (T2) Rotoma (T3)  mama^$ Makatane Makatane Makatane KaharcaCTZ) Kaharos(lZ) 
2 (TI ) m) (T3) 

SiQ 77.52 (0,17) 76.50 (0.29) 77.44 (0.18) 78.11 (0.28) 77.84 (0.22) 77.76 (0.21) 77.73 (0.18) 78.15 (0.15) 77.84 (0.20) 77.83 (0.23) 77.83 (0.27) 77.61 (0.19) 77.75 (0.18) 

Ti02 0.12 (0.07) 12.77 (0.23) 8.88 (5.51) 0.19 (0.06) 0.16 (0.07) 0.18 (0.07) 0.18 (0.06) 0.16 (0.02) 0.16 (0.07) 0.17 (0.07) 0.19 (0.07) 0.12 (0.06) 0.13 (0.05) 
A l h  12.32 (0.16) 0.29 (0.08) 3.55 (5.53) 12.15 (0.13) 12.23 (0.09) 12.30 (0.10) 12.24 (0.10) 12.15 (0.08) 12.24 (O.ll) 12.19 (0.10) 12.19 (0.07) 12.39 (0.11) 12.32 (0.07) 

FeO 0.90 (0.09) 1.29 (0.13) 0.83 (0.08) 0.98 (0.15) 0.86 (0.10) 0.90 (0.08) 0.94 (0.10) 0.89 (0.06) 0.85 (0.09) 0.82 (0.09) 0.88 (0.15) 0.79 (0.07) 0.82 (0.07) 
MnO 0.05 (0.05) 0.07 (0.06) 0.10 (0.06) 0.08 (0.06) 0.09 (0.06) 0.07 (0.05) 0.06 (0.04) 0.06 (0.02) 0.07 (0.05) 0.07 (0.07) 0.07 (0.04) 0.08 (0.05) 0.07 (0.05) 
MgO 0.09 (0.05) 0.23 (0.08) 0.07 (0.05) 0.04 (0.04) 0.11 (0.07) 0.14 (0.07) 0.13 (0.07) 0.01 (0.01) 0.09 (0.06) 0.09 (0.06) 0.12 (0.06) 0.05 (0.04) 0.05 (0.04) 
CaO 0.82 (0.06) 1.35 (0.08) 0.69 (0.08) 0.91 (0.07) 0.80 (0.07) 0.83 (0.05) 0.93 (0.05) 0.76 (0.07) 0.77 (0.05) 0.69 (0.05) 0.85 (0.05) 0.51 (0.05) 0.58 (0.05) 
N&O 3.87 (0.11) 4.33 (0.12) 3.94 (0.13) 4.02 (0.17) 4.28 (0.16) 4.26 (0.23) 4.29 (0.18) 4.03 (0.09) 4.22 (0.13) 4.12 (0.15) 4.17 (0.12) 4.04 (0.12) 4.01 (0.13) 
K P  4.21 (0.10) 3.02 (0.09) 4.39 (0.14) 3.39 (0.11) 3.57 (0.19) 3.45 (0.08) 3.36 (0.08) 3.69 (0.16) 3.67 (0.08) 3.87 (0.08) 3.52 (0.09) 4.26 (0.08) 4.13 (0.05) 

Cl 0.83 (1.93) 0.15 (0.03) 0.14 (0.03) 0.14 (0.03) 0.15 (0.03) 0.16 (0.04) 0.15 (0.04) 0.13 (0.01) 0.16 (0.04) 0.17 (0.04) 0.15 (0.04) 0.15 (0.03) 0.15 (0.03) 
H20 5.08 (1.57) 5.74 (1.65) 3.74 (1.62) 3.68 (2.08) 2.77 (1.31) 3.06 (2.07) 2.99 (1.53) 2.94 (1.48) 3.99 (1.71) 2.43 (0.73) 4.93 (1.80) 1.83 (0.50) 

n 59 55 64 97 39 38 32 34 98 53 19 84 30 

All analyses are normalised to 100% on a volatile free basis. Mean and standard deviation (in parentheses). n is the number of analyses. * denotes heterogeneous samples where ash 
grade material were analysed and the chemical array has been averaged. $ denotes data from WrigM (2000). Compositions were determined by an energy dispersive electron 
microprobe (Jeol JXAS4OA) at the University of AucMand, using an accelerating voltage of 15 W and beam current of 600 PA. A 15 m defocused beam was used to minimise the 
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Table 6.6. Glass compositional categories for OVC and TVC deposits 

Si02 (wt %) CaO (wt %) K20 (wt %) 

ovc 
Low-K20 Rotoiti (-50 ka) 

High-K2O Rotoiti & EFP (-50 ka) 

Old MSg (45-35 ka) 

Young MSg (35-26.5 ka) 

RSg (post-26.5 ka) & Med-K20 Te Rere (T3) 

High-K20 0 6  (25 ka Te Rere & 15.8 Rotorua) 

Low-KnO OB (25 ka Te Rere & 15.8 Rotorua) 

TVC 

OSg (42-27.3 ka) 

Oruanui (26.5 ka) & Okaia (29 ka) 

Dacites (20.5-1 7 ka) 

Units B-E (Subgroup 1, 11.7-10 ka) 

Units F-S (7.05-3.55 ka) 

Units U & V (2.85-2.8 ka) 

Units X & Y (Subgroup 3, 2.2-1.8 ka) 

Unit Z (c.1.8 ka) 

Table 6.7. Summary of compositional categories of OVC and TVC deposits and their ferromagnesian 

mineralogy 

Ferromagnesian Whole T 8   lass^ 
mineralogy rocka fOzC 

Low-K20 Rotoiti (-50 ka) cgt > fe-ti >> hb+opx WROVCl GOVCl TOVCl 
High-K2O Rotoiti & EFP (-50 ka) bio > hb * cgt > fe-ti 2 opx WROVC2 GOVC2 TOVC2 
Old MSg (40-35 ka) opx + hb > cpx + fe-ti WROVC3 GOVC3 TOVC3 

Young MSg (3531.5 ka) opx + hb > fe-ti WROVC4 GOVC4 TOVC4 
RSg (post-25 ka) opx + hb * cgt + bio > fe-ti WROVC5 GOVC5 TOVC4 
Low-K20 OB (25 ka Te Rere & 15.8 Rotorua) opx + hb > fe-ti > cpx WROVC5 GOVC7 TOVC5 
High-K20 0 6  (25 ka Te Rere & 15.8 Rotorua) bio > hb > fe-ti > opx WROVC6 GOVC6 TOVC4 

TVC 
OSg (42-27.3 ka) 
Oruanui (26.5 ka) & 29 ka Okaia 
Dacites (20.5-17 ka) 
Units 6-E (1 1.7-10 ka) 
Units F-S (7.05-3.55 ka) 
Units U & V (2.852.8 ka) 
Units X & Y (2.2-1.8 ka) 
Unit Z (c.1.8 ka) 

opx > hb > fe-ti > bio 
opx > hb > fe-ti 
opx > cpx > fe-ti 
opx > fe-ti > cpx * hb 
opx > fe-ti * hb 
opx > fe-ti 
opx > fe-ti > cpx 
opx > fe-ti 

WRTVCI 
W RTVCl 
WRTVC2 
WRTVC3 
WRTVC4 
WRTVC4 
WRTVC5 
WRTVC5 

TTVC I 
m c 1  
m c 2  
m c 3  
m c 4  
m c 5  
TTVC6 
m c 7  

See footnote of Table 6.1 for mineral abbreviations. a see table 6.3, b see table 6.6, and c see table 6.8. 
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Figure 6.6. Glass composition of OVC deposits. (A) Individual shard analysis of OVC deposits. Numbers relate to categories 
in Table 6.6. (B) Glass composition of OVC deposits classified based on dominant ferromagnesian mineral. (C) Individual 
shard analysis of 15.8 ka Rotorua, 25 ka Te Rere, Haroharo (see Table 6.1), and Kapenga caldera (Kapenga Rhyolites -120 
ka  pyroclastics and EFP) eruptives. The high-K2O (biotite-bearing) 15.8 ka Rotorua and 25 ka Te Rere deposits were erupted 
from vents in OB and are compositionally similar to deposits from Kapenga caldera. The high-KzO (TR-T2) and low K20 25 ka 
(TR-T3) Te Rere populations were erupted from the vents in the OB, the other population (TR-TI) was erupted from vents 
along the Haroharo Linear Vent Zone, within the central Okataina (Haroharo) caldera. (D) Examples of OVC (- 50 ka EFP, 
32.8 ka Awakeri, and 13.8 ka Waiohau) deposits that display homogeneous (variation < analytical error) glass shard 
populations. (E) Examples of OVC deposits that display chemical heterogeneity, 21.9 ka Okareka and 0.7 ka Kaharoa 
deposits. Both deposits display multiple populations, which relate to different depositional units and phases of the eruption 
episodes. (F) The 15.8 ka Rotorua eruption episode tapped two compositionally distinct magmas, T I  (low K20) and T2 (high 
K20 and biotite-bearing) (Smith et al., 2004). Some individual clasts display bimodal glass compositions (labelled as mingled 
clasts). The small volume (<5 %) initial ash is intermediate in composition and appears to be the product of hybridisation. 
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The glass chemistry of the 25 ka Te Rere and the 15.8 ka Rotorua eruption deposit from OB are 

distinct from that of the other RSg (post-26.5 ka) eruptive deposits. In both these episodes from OB 

(Table 6.1; Fig. 6.2a), two distinct compositional and mineralogical categories can be identified (Fig. 

6.6~): 

(1) high-K20, biotite-bearing ejecta (OVC category 6; Table 6.6); and 

(2) low-K20, clinopyroxene-bearing ejecta (OVC category 7). 

The high-K20 ejecta are similar to that of the biotite-bearing EFP (OVC category 2) which erupted >20 

kyr earlier. The biotite-bearing, high-K20 (3.8-4.5 wt %) composition has been commonly erupted within 

the Okataina-Kapenga area since the -230 kyr Mamaku lgnimbrite eruption (e.g., Kapenga Rhyolites) 

(Fig. 6.2a and 6.6~). Other vents active during the 25 ka Te Rere eruption episode were located in the 

central Okataina (Haroharo) caldera, along the Haroharo Linear Vent Zone. These vents erupted 

compositions similar to other Haroharo deposits (category 5). 

Heterogeneity of eruption episodes 

Within the broad geochemical categories (Table 6.6), most of the individual eruption episodes can be 

identified and fingerprinted using glass chemistry. Products of some single episodes are 

homogeneous, lacking any stratigraphic or between-clast variation (that could indicate pre-eruptive 

magmatic gradients; or multiple magmas), and display variation that is comparable to analytical error 

(e.g., Si02 k0.3 wt %, FeO 20.1 wt %, CaO k0.1 wt %, and K20 20.2 wt %). Examples include, -50 ka 

EFP, c. 32 ka Awakeri, 13.8 ka Waiohau (Fig. 6.6d), and 8.1 ka Mamaku eruption episodes. However, 

the glass of most OVC eruptives display geochemical heterogeneity, for example, the -50 ka Rotoiti 

(3.1-4.2 wt % K20) (Shane et al., 2005), 36.7 ka Te Mahoe (72-77 wt % Si02) (Smith et al., 2002), 36.1 

ka Hauparu (71-78 wt % Si02) (Smith et al., 2002), 25 ka Te Rere (3-4.6 wt % K20), 21.9 ka Okareka 

(3.3-4.3 wt % K20), 17.7 ka Rerewhakaaitu (3.2-4.4 wt % K20), 15.8 ka Rotorua (2.9-4.5 wt % K20) 

(Smith et al., 2004), 5.5 ka Whakatane (3.4-4.1 wt % K20), and Kaharoa (4-4.4 wt % K20) (Nairn et al., 

2004) (Table 6.4). This compositional heterogeneity can also be observed in crystal phases such as 

Fe-Ti oxides, plagioclase, hornblende, and biotite (see Nairn et al., 2004; Smith et al., 2004; Shane et 

at., 2005). The compositional heterogeneity observed within an individual eruption episode is typically 

in the form of multiple glass andlor mineral populations. Each phase population is commonly 

homogeneous, with variation 5 analytical uncertainty, and is often accompanied by distinct 

ferromagnesian mineral assemblages. The phase populations can relate to either or both: (1) different 

depositional units; or (2) different pumice clasts within the same depositional unit. (1) For example, the 

early erupted 0.7 ka Kaharoa pyroclastics (units A-H) are compositionally different (glass and whole- 

rock) to the later pyroclastics and lavas (unit M and domes) (Nairn et al., 2004) (Fig, 6.6e). In another 

example, fall units and late phase lava flows sequentially erupted during the 21.9 ka Okareka eruption 

episode form three compositionally distinct (glass) groups (Fig. 6.6e). (2) In the 17.7 ka Rerewhakaaitu 

and the 15.8 ka Rotorua eruptives, the biotite-bearing clasts are compositionally distinct (glass and 

whole-rock) from the non-biotite bearing clasts in the same depositional units (Tables 6.4 and 6.6; Fig. 



Chapter 6 Geochemistry and properties of magmas from OVC and N C  

6.69. Heterogeneity within the 9.5 ka Rotoma eruptives is only evident in the crystal percentages of 

ferromagnesian minerals, and whole-rock geochemistry, with the varying proportions of ferromagnesian 

minerals corresponding to the trace element variation (Fig. 6.7b). There is little variation in glass and 

mineral compositions of the Rotoma eruptives (Fig 6.7a). The three trace element-ferromagnesian 

mineralogy groups generally relate to the three known vent areas. Thus, stratigraphic units can usually 

be correlated to specific vents. 

CaO (wt %) 

3.8 : . mmingtonitedominsnt ~ 1 )  

Figure 6.7. (A) Limited variation in single glass shard composition between deposits of differing ferromagnesian 
mineral assemblages of the 9.5 ka Rotoma eruption episode. Variability is close to analytical error. (B) Whole- 
rock trace element variation observed in the 9.5 ka Rotoma deposits. Each population has a distinct 
ferromagnesian mineralogy, suggesting they are from different storage chambers that had differing crystallisation 
histories. The distinct groups relate to the three magmas (see Table 6.1) 

- 
3.7 - 

Most of the homogeneous OVC eruption episodes display distinct, homogeneous geochemical 

populations (glass, whole-rock, andlor mineral phases). The lack of continuous geochemical variation 

suggests that the individual episodes did not tap continuously zoned magmas (e.g. Hildreth, 1981) and 

instead tapped several, separate, but internally homogeneous, magmas (e.g. Nairn et al., 2004; Smith 

et al., 2004; Shane et al., 2005). 

+ orthopyroxene 8 cummingtonite (l2) 

A orthopyroxene-dominant (T3) 

A 

@ 
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Mingled pumice ~ las ts  

Some OVC deposits contain individual pumice clasts that are heterogeneous. Microbeam studies have 

revealed 'patches' of different compositions within individual clasts (Fig. 6.69. These mingled clasts are 

the result of mechanical mixing of different magmas, and are evidence for magmatic interaction at 

depth. Mingled clasts occur in the deposits of -50 ka Rotoiti, 36.1 ka Hauparu, 17.7 ka Rerewhakaaitu, 

15.8 ka Rotorua (Fig. 6.6f), and 0.7 ka Kaharoa eruption episodes. They display bimodal/multiple 

compositional andlor crystal populations (see Nairn et al., 2004; Smith et al., 2004; Shane et al., 2005). 

Thus, the phases in the clasts did not re-equilibrate, suggesting that the magmas were only briefly in 

contact immediately prior to or during the eruption episode. 

Hybridisation 

If distinct magmas are in contact for prolonged periods they may chemically and mechanically mix to 

form a new homogeneous population (hybridise). Some magmas, often with contrasting physical 

properties (temperature, density, and viscosity), do not completely mix before eruption and often a 

hybrid composition is observed, chemically intermediate between the two end member types. The 

crystals within the hybrid magma may have re-equilibrated if contact was prolonged. For example, the 

initial ash of the 15.8 ka Rotorua eruption episode has a glass composition somewhat intermediate 

between the glasses in the orthopyroxene-dominant (TI) and biotite-dominant (T2) magmas (Fig. 6.69. 

In addition, the biotite-dominant (T2) fall units, which erupted directly following the orthopyroxene- 

dominant (TI) units, are chemically more similar to T I  than the final stage biotite-bearing lava flows 

(Smith et al., 2004), suggesting that there was a minor amount of hybridisation between the 

orthopyroxene-dominant (TI) and the early-erupted biotite-dominant magma. 

Taupo Volcanic Centre 

Glass shards in the TVC rhyolitic deposits have compositions in the range 74.6-78.3 wt % Si02, 0.6-1.8 

wt % CaO, and 2.7-4.6 wt % K20 (Table 6.5; Fig. 6.8). A major change in chemistry occurred after the 

caldera-forming Oruanui episode. Subsequent eruptives were less evolved. Dacitic eruptions that 

directly followed the Oruanui episode have glass compositions of low-silica rhyolites (71.5-74.5 wt %). 

Three rhyolitic geochemical categories identified by Sutton et al. (1995) from whole-rock data. Further 

discrimination is possible from glass chemistry, and four broad geochemical categories can be 

identified (category 4a-e; Table 6.6; Fig. 6.8b). These categories also relate to the ferromagnesian 

mineralogy (Table 6.7). 

Most TVC eruptives have distinct glass chemistries, and are individually compositionally homogeneous, 

with no rhyolitic mingled clasts or any major differences between clasts in the same depositional unit 

(e.g., Fig. 6.8~). However, the caldera-forming 26.5 ka Oruanui episode displays some heterogeneity 

(76.2-78.1 wt % SOn) (Fig. 6.8a). Variation is also observed in Oruanui whole-rock data. 
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74.0 74.5 75.0 75.5 76.0 76.5 77.0 77.5 
SiO, (wt %) 

4- I x c  m u 1  

CaO (wt %) 

Figure 6.8. Composition of glass shards in TVC deposits. Individual shard analysis of: (A) TVC deposits. The four 
broad compositional categories (1-4) are observed. Numbers relate to categories in Table 6.6.(B) Post-26.5 ka 
TVC rhyolite subgroups (category 4a-e; Table 6.6). Subgroup 2 of Sutton et al. (2000) can be split into 2 
compositionally distinct categories, unit F-S (category 4b) and unit U and V (category 4c). Unit Z is 
compositionally distinct (category 4e) from other Sutton et al. (2000) subgroup 3 eruptives (category 4d). (C) 
Post-26.5 ka l V C  deposits, showing differences between eruptives from some individual eruption episodes as 
defined by Wilson (1993). 
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INTENSIVE PARAMETERS 

Temperature and oxygen fugacity 

Fe-Ti oxides are sensitive to changes in pre-eruption temperature (T) and oxygen fugacity ( O ) ,  

therefore are likely to reflect pre-eruptive magmatic conditions. T and f02 were calculated for all OVC 

and TVC deposits from Fe-Ti oxide pairs using the geothermometer/oxygen barometer developed by 

Ghiorso and Sack (1991). All Fe-Ti pairs used were in equilibrium as assessed by Mg/Mn distribution 

(Bacon and Hirschmann, 1988). 

Deposits from OVC and TVC eruption episodes display the same broad T ranges (700-950°C; Table 

6.8; Fig. 6.9) but can be distinguished by 02. Deposits of OVC episodes are significantly more oxidised 

(NNO >-0.25, units relative to the NiNiO buffer) than those of TVC (NNO <0.4), at any given T (Fig. 

6.9a). The difference in O2 between OVC and TVC magmas was previously documented by Shane 

(1998). For T ~875°C there is a linear relationship with On, with oxidation increasing at -NNO 0.2 units 

for every 30°C increase in T. At T >875"C, the T-O2 is not as pronounced. Distinct T-O2 trends are 

observed that relate to volcanic centre and period of activity (Table 6.8). 

Typical variations in T and f02 within individual eruptive deposits are comparable to analytical error 

(+30°C; f02 -+0.3). Exceptions are some chemically heterogeneous MSg deposits from OVC (Unit A, 

Pongakawa, Te Mahoe, Hauparu and Mangaone; Table 6.1), which all have T variation >lOO°C, 

indicating heterogeneity within the magmas. Deposits of eruption episodes that tapped multiple magma 

batches, for example -50 ka Rotoiti (Shane et al., 2005), 21.9 ka Okareka, and 15.8 ka Rotorua (Smith 

et al., 2004), display multiple T-O2 trends that correspond to separate magmas. Different T-f02 trends 

are often observed within a single (mingled) clast (e.g., Rotoiti), which demonstrates disequilibrium 

resulting from short-lived changes or magma mixing (Shane et al., 2005). 

Table 6.8. OVC and TVC deposits classified by temperature and oxygen fugacity 

f(32 range 

PC) (NNO) 

Low-K20 Rotoiti (-50 ka) 
High-K2O Rotoiti & EFP (-50 ka) 
Old MSg (40-35 ka) 
Young MSg (35-31.5 ka), RSg (post-26.5 ka) & high-K20 OB 
Low-K20 OB (25 ka Te Rere & 15.7 Rotorua) 
TVC 
OSg (42-27.3 ka) & Oruanui (26.5 ka) 
Dacites (20.5-1 7 ka) 
Units B-E (1 1.7-10 ka) 
Units F-S (7.05-3.55 ka) 
Units U & V (2.85-2.8 ka) 
Units X & Y (2.2-1.8 ka) 
Unit Z (c. 1.8 ka) 830-855 -0.6 -0.5 
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Figure 6.9. T-fO2 characteristics of: (A) OVC and TVC deposits, see T -fOz categories in Table 6.8. TVC deposits are always 
less oxidised than those from OVC, at any temperature. (B) OVC and TVC deposits classified based on ferromagnesian 
mineralogy (see Table 6.7 and 6.9). Biotite-bearing deposits display the lowest T, whereas clinopyroxene-dominant deposits 
display the highest T. No simple relationship between fO2 and ferromagnesian mineralogy is observed. Eruptives with an 
orthopyroxene f hornblende mineralogy are omitted for clarity as they do not display distinctive T andlor fO2.(C) T and fO2 of 
OB (some 25 ka Te Rere and all 15.8 ka Rotorua), Haroharo (RSg Haroharo linear vent zone; see Table 6.1), Kapenga 
Rhyolites, and EFP eruptives. The low T and f02 (high-K20, biotite-bearing) OB deposits are similar to those of Kapenga 
(Haparangi Kapenga Rhyolites, and EFP). The T and fO2 further emphasises the lack of affinity, as seen in glass (Fig. 6 .6~ )  
and spinel compositions (Fig. 6.9c), between eruptives from OB and those from Haroharo linear vent zone, central Okataina 
(Haroharo) caldera. 
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Carmichael (1967), Ewart et al. (1975), and Ghiorso and Sack (1991) discussed the relationship 

between T, f02, and ferromagnesian mineralogy in rhyolites. However, the more comprehensive data 

set presented here for OVC and TVC reveals that the ferromagnesian mineralogy is strongly controlled 

by temperature, and there is no simple relationship to f02 (Fig. 6.9b, Table 6.7). In general, low T 

(~750°C) deposits are biotite-bearing, whereas high T (>840°C) deposits are clinopyroxene-bearing 

(Fig. 6.9b). Those that occupy the 750-840°C range have a mineralogy dominated by orthopyroxene, 

hornblende, or cummingtonite. Differences in f02 correlate only to volcanic centre and period of activity. 

In addition, there is no simple relationship between glass composition (melt) and f02 (Fig. 6.10a). This 

suggests that the melt composition is independent of 0 2 .  

X hb & opx OVC 

0 cpxovc 
bio OVC 

0 cum OVC 
4- hb & opx TVC 

e c p x w c  
n ~ ~ O T V C  

FeO glass (wt %) 

X hb&opxOVC 

0 cpxovc 
I bio ovc 
0 cum OVC 
4- hb & opx TVC 
0 cpx-rvc 
C7 bio TVC 

0.5 1 .O 1.5 2.0 2.5 3.0 

FeO glass (wt %) 

Figure 6.10. Average FeO in glass composition of OVC and TVC deposits plotted against mean: (A) f02 and (B) 
T, of the deposits. 
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Temperatures were also calculated from amphibole-plagioclase pairs using the geothermometric 

algorithm of Holland and Blundy (1 994), and from orthopyroxene-clinopyroxene pairs using the QUlLF 

program of Anderson et al. (1993). The two-pyroxene thermometer is in good agreement, considering 

the error of _+40 OC, with the Fe-Ti geothermometer (Fig. 6.11a). In contrast, T calculated from 

amphibole-plagioclase pairs occupy a narrower range compared with those from the Fe-Ti pairs (Fig. 

6.1 1 b). It is likely that the T calculated from the Fe-Ti oxides are more sensitive to thermal changes 

leading up to eruption (Frost and Lindsley, 1992; Shane, 1998). Thus, the difference in T between the 

different models suggests that some of the plagioclase-hornblende pairs are not in equilibrium. 

I * '  , " ' " ' " I " " "  ' I 

Fe-Ti Temperature (oC) 

Fe-Ti Temperature (aC) 

Figure 6.11. (A) Comparison of T estimated from Fe-Ti oxides (Ghiorso and Sack, 1991) and from clinopyroxene- 
and-orthopyroxene equilibrium (Anderson et at., 1993) for the same samples. Concordant temperatures suggest 
all phases are in equilibrium. (B) T estimated from Fe-Ti oxides (Ghiorso and Sack, 1991) versus T estimated 
using the plagioclase-hornblende thermometer (Holland and Blundy, 1994) for the same samples. 
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Shane (1 998) demonstrated the relationships between T and spinel, ilmenite, and glass compositions 

in W Z  rhyolites. These relationships suggest that the Fe-Ti oxides are in equilibrium with the melt and 

hence represent conditions prior to eruption rather than inherited from source. A relationship is also 

observed with plagioclase composition. An-rich plagioclase is associated with high T magma (Table 6.1 

and 6.2). This suggests that plagioclase was in equilibrium with the Fe-Ti oxides. Thus, the differences 

between the temperatures calculated using Fe-Ti oxides and plagioclase-hornblende pairs are possibly 

associated with the hornblendes not being in equilibrium. 

Geobarometry 

Glass compositions were projected on to the synthetic Qz-Ab-Or-H20 system of Tuttle and Bowen 

(1958) to calculate relative crystallisation closure pressures (Tables 6.1 and 6.2), following the method 

of Cashman and Blundy (2000). Some of the magmas may not have been water-saturated, and thus 

these 'closure pressures' (PC) may not reflect total magmatic pressure, but do reflect the conditions at 

which quartz and plagioclase crystallise in equilibrium with the matrix glass. 

OVC and W C  rhyolites crystallised under a wide range of PC (Fig. 6.12). Substantial changes in the 

average PC of the magmas at OVC relate to periods of activity (Fig. 6.12a). For example, Old MSg 

eruptives display high PC (376+37 MPa which equates to a depth of -15k1.5 km using overburden 

densities of -2500 kglm3), Young MSg have intermediate PC (210k25 MPa = 8.4k1 km), and the RSg 

(post-26.5 ka) eruptives display the lowest PC (<I80 MPa = 7.2 km). The wide range in PC of N C  

deposits (-100->400 MPa) mostly reflects post-26.5 ka deposits, with the dacites displaying the highest 

pressures (>400 MPa). Pre-26.5 ka W C  deposits display low PC (1 OO&3O MPa = 4+1 km) (Fig. 6.1 2b). 

There is a relationship between ferromagnesian mineralogy and PC (Tables 6.1 and 6.2, Fig. 6.13). 

Although there is considerable overlap, clinopyroxene-bearing magmas display generally higher 

pressures (>200 MPa), while cummingtonite- and biotite-bearing magmas display low P (<200 MPa). 

Hornblende- and/or orthopyroxene-bearing magmas overlap these ranges and are somewhat 

intermediate (mostly 100-300 MPa) (Fig. 6.13). 




