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Introduction and Geologic Setting

‘Flare-up magmatism is characterized by monotonous bulk rock compositions resulting from
pre-eruptive homogenization. The Altiplano-Puna Volcanic Complex (APVC) of the Central
Andes is a marked example of this (de Silva et al., 2006).

‘Most of the ignimbrites in the APVC are large volume dacites with only a minor component
of non-dacitic compositions. These were thermally sustained and recharged by a midcrustal
batholith known as the Altiplano-Puna Magma Body (APMB; de Silva, 2008).

-Contrasting the montonous intermediates in the APVC is the ~5km°Caspana ignimbrite at
the margins of the APVC.
‘The occurrence of one andesite and two distinct rhyolites in this ignmbrite is of great
interest for the development of compositional gaps and may illluminate the processes

occuring in large silicic systems.
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Questions that drive this study:
1) The mechanism responsible for creating the compostional gap 2) The unique phase
assemblages and 3) The compositional heterogeneity

Petrographic features of Caspana pumice

Regional Norm

A generalized map showing the distribution

] of the Caspana Ignimbrite at the edge of

the APVC. The stratigraphic sections below
correspond to the points with arrows. The
perimeter is shown in the reigonal map
below (adapted from Kern et al., 2016).
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Rock Andesite Phase 2 Rhyolite Phase 1 Rhyolite Dacite
Crystallinity 25-45% 1-5% 0-2% 35-50
Vesicularity 40-50% 50-60% 50-60% 35-50
Groundmass 20-30% 35-45% 40-50% 25-55

Phases Plag (75-80%) Plag (80%) Plag (>95%) Plag Dominant
Orthopyroxene (15-20%)  Biotite (10%) Apatite (tr) Cpx > Opx
Oxides (1-5%) Fayalite (5%) Zircon (tr) Amphibole
Apatite(1%) Oxides (3%) Muscovite (tr) FeTi Oxides
Amphibole (ir) Allanite (tr) Titanite (tr) +/- Biotite
Apatite (tr) +/- Sanidine
Zircon (tr) Zircon (tr)
Quartz (tr) Apatite (tr)
Other lIm > Mag lIm > Mag Mag > lIm Mag > lim
Features | Plag + Opx + Ox Gloms Allanite ~225 um Xenoliths present Cognate
(G2 - 5-10%) Enclaves
Plag gloms (G1 - 15%)
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‘Major and trace elements of glomerocrysts in the andesite are consistent with simple lever principle that drives andesitic bulk rock to the
corresponding matrix glass and phase 2 rhyolite. The Phase 1 rhyolite is not on trend with andesite and Phase 2 rhyolite.

‘Phase 2 rhyolite bulk rock and glass compositions are in agreement with the high Fe/Ca and Fe/Mg that is responsible for fayalite staiblity (Warshaw
and Smith, 1988; Mysen et al., 1982, 1984).
* Andesite and Phase 2 rhyolite have nearly invariant isotopic composition. Phase 1 rhyolite is less radiogenic and does not represent assimilated
basement based on Pb isotopes
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Bio: Fe content is high and similar to
another highly evolved rhyolite in the
region. This clearly reflects bulk rock
0-64  composition and fractionation of Ca
and Mg rich minerals. Caspana
o6 biotite differs in its notably high Ti

content.
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‘Phase 2 Phenocrysts: Two populations: 1. High An
overlapping with andesite. 2. Low An with two subpopulations.
Rims are right skewed in FeO.

‘Phase 1 Phenocrysts: Very tight An distribution. Peculiar
unmixing texture.

-G1 Plag: Tight distributions and low FeO.

‘G2 Plag: Wide distributions. Rim An and FeO is offset relative
to cores.
Andesite Phenocrysts: Normal distributions and right

skewed FeO.

*Opx: Two populations of phenocrysts. First is high Mg# and is
correlative with Al,O;. Second is lower MgO and has no
correlation with Al,O,. Rims converge towards G2

glomerocrysts.
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PTX: Note the water contents are
typical of arc magma with low fO..
Temperature of Phase 2 rhyolite shows
'hot’ fayalite rhyolite

PTX Conditions
P(MPa) T (°C)Est. H20wt%) A FMQ
400’ 930 £ < FMQ
3 4 2 4
200 775 5.1 1
1 2
2007 870 4.1 -

1. Putirka (2017), 2. Waters & Lange (2015), 3. Gualda & Ghiorso (2014),
4. Ghiorso and Evans (2008), 5. Blatter & Carmichael (2001)

Modelling and Conclusions

Modal Percentages from r-MELTS Outputs
10% P\ - H20 3 wit% 4 wit%
® <) - MELTS version 12 12 11 12 12 11
__H P (MPa) 400 300 200 400 300 200
50 1 = T start 1100 950 856 1100 980 846
e C) T End 760 750 740 760 748 740
A — T increment 2 2 2 2 2 2
AA T stop* 930.15 830.22 929.92 830.92 -
40 - A fO2 AFMQ(-1) AFMQ(-1) AFMQ(-1) | AFMQ(-1) AFMQ(-1) AFMQ (-1)
Plag 78 78 35 75 77 43
> Mag 2 4 1 2 3 1
Opx 17 16 3 16 18 6
Cpx 3 - 1 7 - -
30 - Pumice Glass lim 1 3 0 - 2 0
3()%# /\  Andesite A Fay . . 1 . . 1
—r . Phase 2 O Qtz 32 28
L Phase 1 [ San 26 21
20 —e— |IDM
—=— MCS: 4wt%H,0 .
600 e MCS: 3Wt%HZO _I_ ......... FMQ(_]_) 5Wt%H20 ./_r ~~\.\‘\
T T I T 1.0 ——- FMQ(-l) 2Wt%H20 /./ ‘\‘
0.0 0.5 1.0 1.5 2.0 | NNO 5wt%H,0 FEVARNEEAN
Rb/Sr NNO 2wt%H-0 fay S NN
—— FMQ(-1) 4wt%H,0 /7 /[ RN
081 FMQ(-1) 3wt%H,0 /// /i 1 RN
* The andesite and Phase 2 rhyolite are nearly perfectly fractionated from one another.
Magma Chamber Simulator models (Bohrson et al., 2020) model this well and Q oel
= 0.

reproduce the crystallization sequence. The best fractionation model is AFMQ(-1) and
3-4 wt% H,O in the andesite.

- With increasing differentiation and water content increases, Fe®*/Fe® variation e N s
changes due to crystallization and the dominant oxide, as tracked by plagioclase FeO Decreasing Tic
content. This results in a water rich, fayalite rhyolite. 02 L Increasing H20
‘The Phase 1 rhyolite has geochemistry typical of APVC magmas. Incongruent dyanmic ®
melting (IDM) models (Zou and Reid (2001) were used to model the Phase 1 0% . . . . . . .
. . . . 7 1 1 11 11
compostion as a recycled granodiorite from an earlier phase of the flare-up. >0 800 850 90(%er$]5p°o o 00 R R AT
400 MPa 300 MPa 200 MPa
~
——. 3 wt%H,0 /7N
aid 4 wt%H,0 aal S Fay+Qtz / \\
T~750°C— 1 S
I
1.2 1.2- 1.2 I
Opx ,'
+/- !
1.0- CpX 1.0- 1.0- I
I \ l
T Cpx Opx l,
2 08 I 08 T T . Zlatg/ H,0: T=814"C ',
Z SN T=910°C wt% HO: T=814"
c NS M 5 L N |
k3 Plag | Son T=064° C \ / 3wt% H,0: T=796°C ,
=061 I Ma . 0.6 1 0.6 I
o NS [ 9 N, IK~S I
e ~ \ / ~ I
3 NQ N b2 \\ / \ \\\\ !
0.41 lIm A\ 0.41 ,'"/ Opx + IIm \‘~\ 0.41 '
T=922°C NN | T=914°C TS
S | T~
0.2 S 0.2{ | 0.2
= | Plag r
| 3wt% H,0: T=932°C rd~——Opx+/- Mt 4wt% H,0: T=764°C
0.0 004 F—Mag  awt% H,0: T=936°C ool I T=846°C  3wt% H,0: T=782°C
0 10 20 30 40 50 60 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30
Crystallinity Crystallinity Crystallinity
400 MPa: No latent heat spike >1. limenite  300MPa: Opx and ilmenite turn on at 200MPa: Fayalite and quartz turn on
has a small spike between 964-922 °C and 920-910°C, approximately ilmenite 200MPa and ~750°C, in disagreement
35-38% crystallinity. crystallization at 400MPa. The latent heat  with observed T. Discordant T is likely
ratio is collectively >1. due to program calibration.
Channelization 50 60 g7 70 80
+ Extraction 700 | | 200
Heat Rhyolite
Transfer
\ /] 7]~ In situ Crystallization +/- Q
7/ | Al 800 — Fractionation - Extraction
\ Phase 2 by Latent Heat Buffering - MPa
APMB Rhyolite 7% Gap
Latent Heat Q — 300
900 — Buffering + _
2.9km/s Fractionation Rhyodacite
- 10% Gap Residual Liq.
T°C
Norite Andesite
1000 —| Extract Mush Formation
Noritic Plag + Plag + Opx + FeTi Oxides
Opx + FeTi Mafic Recharge ‘ —400
Oxide
Glomerocrsyts
1100 —

Conclusions: 1) In situ crystallization +/- fractionation, followed by melt extraction facilitated the compositional gap.

2) The unique phase assemblage is facilitated by low fO, and high H,O. Fayalite is the result of this petrologic environment and
crystallization of Ca and Mg rich minerals in the parent melt that increased Fe indices.
3) Phase 1 is a crustal melt of a granodiorite or tonalite associated with earlier flare-up magmatism.
4) Heterogeneity between fractionates and would-be assimilants is preserved due to the low V system (de Silva and Wolff, 1996), high
thermal contrast away from the thermally primed central APMB (de Silva and Gregg, 2014; de Silva and Gosnold, 2014), and the
crystal poor nature of the extracted rhyolite that did not need thorough pre-eruptive homgenization (Dufek and Bachmann, 2010;
Huber et al., 2012).

Blatter, D.L., and Carmichael, I.S.E., 2001, Hydrous phase equilibria of a Mexican high-silica andesite: A candidate for a mantle origin? Geochimica et Cosmochimica Acta, v. 65, p. 4043-4065, doi:10.1016/S0016-7037(01)00708-6. Dufek, J. and Bachmann, O., 2010, Quantum Magmatism: Magmatic Copositional Gaps generated by melt-crystal dynamics, Geology, v.38,8, p.687-690. Ghiorso, M.S., and Evans, B.W., 2008, Thermodynamics of rhombohedral oxide solid solutions and a revisi
of the Fe-Ti two-oxide geothermometer and oxygen-barometer: American Journal of Science, v. 308, p. 957-1039, doi:10.2475/09.2008.01. Grove, T. L. & Donnelly-Nolan, J. M. (1986). The evolultion of young silicic lavas at Medicine Lake Volcano, California: Implications for the origin of compositional gaps in calc-alkaline series lavas. Contributions to Mineralogy and Petrology 92, 281-302. Gualda, G.A.R., and Ghiorso, M.S., 2014, Phase-equilibrium geobarometers for silicic rocks based on

vision

rhyolite-MELTS. Part 1: Principles, procedures, and evaluation of the method: Contributions to Mineralogy and Petrology, v. 168, p. 1-17, doi:10.1007/s00410-014-1033-3. Huber, C., Bachmann, O., and Dufek, J., 2012, Crystal-poor versus crystal-rich ignimbrites: A competition between stirring and reactivation: Geology, v. 40, p. 115-118, doi:10.1130/G32425.1. Kern, J.M., de Silva, S.L., Schmitt, A.K., Kaiser, J.F, Iriarte, A.R., and Economos, R., 2016, Geochronological imaging of an
episodically constructed subvolcanic batholith: U-Pb in zircon chronochemistry of the Altiplano-Puna Volcanic Complex of the Central Andes: Geosphere, v. 12, p. 1054-1077, doi:10.1130/GES01258.1. Mysen, B.O., Virgo, D., and Seifert, FA., 1984, Redox equilibria of iron in alkaline earth silicate melts: relationships between melt structure, oxygen fugacity, temperature and properties of iron-bearing silicate liquids.: American Mineralogist, v. 69, p. 834-847. Mysen, B.O., Virgo, D., and Seifert,

F.A., 1982, The structure of silicate melts: Implicati
construction of batholiths: Insights from the spatiotemporal development of an ignimbrite flare-up: Journal of Volcanology and Geothermal Research, v. 167, p. 320-335, doi:10.1016/j.jvolgeor
€s.2014.06.001. de Silva, S.L., and Wolff, J.A., 1995, Zoned magma chambers: the influence of magma chamber geometry on sidewall convective fractionation: Journal of Volcanology and Geothermal Research, v. 65, p. 111-118, doi:10.1016/0377-0273(94)00105-P.de Silva, S., Zandt, G., Trumbull, R., Viramonte, J.G., Salas, G., and Jiménez, N., 2006, Large ignimbrite eruptions and volcano-tectonic depressions in the Central Andes: A thermomechanical perspective:

doi:10.1016/j.jvolgeor

ons for chemical and physical properties of natural magma: v. 20, 353-383 p., doi:10.1029/RG020i003p00353. Putirka, K.D., 2008, Thermometers and barometers for volcanic systems: Reviews in

Mineralogy and Geochemistry, v. 69, p. 61-120, doi:10.2138/rmg.2008.69.3. de Silva, S., 2008, Arc magmatism, calderas, and supervolcanoes: Geology, v. 36, p. 671-672, doi:10.1007/s00445. de Silva, S.L., and Gosnold, W.D., 2007, Episodic
es.2007.07.015. de Silva, S.L., and Gregg, P.M., 2014, Thermomechanical feedbacks in magmatic systems: Implications for growth, longevity, and evolution of large caldera-forming magma reservoirs and their supereruptions: Journal of Volcanology and Geothermal Research, v. 282, p. 77-91,

Geological Society Special Publication, v. 269, p. 47-63, doi:10.1144/GSL.SP.2006.269.01.04. Warshaw, C.M., and Smith, R.L., 1988, Pyroxenes and fayalites in the Bandelier Tuff, New Mexico: temperatures and comparison with other rhyolites: American Mineralogist, v. 73, p. 1025-1037, doi:0003-004X. Waters, L.E., and Lange, R.A., 2015, An updated calibration of the plagioclase-liquid hygrometer-thermometer applicable to basalts through rhyolites: American Mineralogist, v. 100, p. 2172—

2184, doi:10.2138/am-2015-5232.




