Reconstructing a Snake River Plain ‘super-eruption’via compositional
fingerprinting and high-precision U/Pb zircon geochronology
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The story

Despite the potential hazards posed by the largest explosive eruptions, so called ‘super-eruptions, their recurrence rate remains poorly
constrained. The younger portion of the Yellowstone-Snake River Plain province is well-known for large-scale explosive volcanism; however,
the older history within the Snake River Plain remains poorly-known and partially obscured by later basaltic volcanism. To address this we
characterised the mineral cargo of four widely spaced rhyolitic ignimbrites from the margins of the Snake River Plain that illustrate a strong
compositional similarity revealed in compositions of bulk geochemistry, major phases (e.g. pyroxene and ilmenite), and radiogenic isotopes.
To test for the synchronous origin and eruption of these deposits we used a tandem in-situ and isotope dilution method for U/Pb
geochronology of zircon crystals. The youngest sampling of zircons from all four samples are equivalent in age, and define a pooled weighted
mean #8U/?°°Pb age of 11.030 + 0.006 (MSWD = 1.44, n=24). These results reveal an event with a conservatively estimated erupted volume
~1,470 km?, of similar magnitude to the largest explosive events from Yellowstone.
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Fig. 1 (left) Location map illustrating samples used for this study. Colours used in this figure are retained for subsequent figures, Frenchman Springs
(green), TFG—Tuff of Fir Grove (orange), TBB—Tuff of Big Bluff (red), and CPT Xlll—Cougar Point Tuff Xlll (blue). Fig. 2 (right) Mineral compositions
from the four units in this study compared to other rhyolites of the central Snake River Plain.

0.6 = = aTi0,= 055 : gPTB?uﬁ Fig. 3 (Ieft) Zircon 12.20
.. e e 8 Feoman compositions Grey 200 uﬂ
R IR ’ . s data are from [
.. 3 Yellowstone (Rivera : ; :
7 2 ( = "L CPT XIIl ' Big Bluff Fir Grove  Frenchman Springs
S 2 etal. 2014,2016 & =) 11,040+ 0.012 Ma 11.078+ 0.013 Ma 11,028+ 0.013 Ma 11.024=0,010 Ma
% . 600 ppm U 0% 0 17 14 6 18 20 22 26 26 % 3% MSWD =210 MSWD = 0.96 MSWD =0.63 MSWD = 1.87
oo ° . i Ti (ppm) Wotzlaw et al. 2015) TR Nk n=6 n=6 n=7 '
= ) Inset shows Ti contents 2
) . &
oof . = o of zircons and g ” 0 1
& Fonirn temperatures inferred " 0
o1 B erommane " , : no I !
at different aTiO, I HHH I]HD
0 e ol ol el ofriit]

Autocrystic 4 - . 2011101 Subtly older Antecrystic

Extra.cted liquid pools and 3 i +0.104 Ma
continues to evolve zircons E . Gy . population } population

crystallising sanidine, quartz, 1 r [}
and autocrystic zircon 724 10,994 ".' = 3 ¥ .4! l il
¥ z14:12.040 .r@

+0.016 Ma “ r?l

Key: +0.026 Ma i 9 - 25b:11.205
5 ' £0.032 Ma
e

Liquid
@ Pyroxene

41

am 2211.096 Elah 2 !

713:11.023 I + 0,083 Ma I z11:11.412 i |

N
]
. {
® Fo-Tioxides : 3 » 21611976 | | |
B Plagioclase % § 2 A A8 = 710: 11.055 + 0.084 Ma .
- £0.012 Ma k +0.029Ma ne
N e 1 : ! . 12008
D ik N 21:12.098
@ g 8 .

& Zircon
+0.044 Ma
|
l
1
Antecrystic i 215 11.060 I + 0.056 Ma

Ante- [] ! [} +0.066 Ma L] [
crystic[] S 2anoe o £ 1 4 ko
7 +0.086 Ma . . &
= | . & @ LA-ICPMS spots

Subtly older - _ AT i
zircons 212:11.048 I ;&N 25a: 11.121 ® 2 miemn
+0038Ma - +0029Ma | gp38 Ma W o

Cumulate margins of plag z , 5
+ pyx + oxides + zircon SR g .

Liquid
Rhyolitic @ Pyroxene
® Fe-Tioxides
& Zircon

groundmass

Zircon age

Schematic ID-TIMS zircon age

Eruption

Autocrystic
age

zircon N
Eruption age

The conclusion

The most widely used compilation of large magnitude explosive eruptions (Mason et al. 2004) contains 42 eruptions with volumes > 450 km?
from the last 36 Ma. By including more recent studies, this total more than doubles to at least 87 events within the same time window.
Likely, these huge eruptions occur more frequently than is widely appreciated. Our study illustrates a suite of techniques that are a powerful
method to define ‘super-eruptions’ that exists in the Snake River Plain and elsewhere.

For more information please see: Ellis et al. (2019) Reconstructing a Snake River Plain ‘super-eruption’ via compositional fingerprinting and high-precision U/Pb
zircon geochronology. Contributions to Mineralogy and Petrology 174: 101.




