DUKE

A

——— 1 The Origin and Growth of K-Feldspar Megacrysts in Granodiorite, .
Y& SMiF |5 (@

Shared Materials Instrumentation Facility MINERALOGY, GEOCHEMISTRY,

PETROLOGY, AND VOLCANOLOGY DIVISION
. J

Tuolumne Intrusive Suite, California

v
- &
f L& ':_ﬂ'll
ez ey Vit
adiedy- ¥ £
] [

v 7 an _ "4

Introduction

Importance: K-feldpsar megacrysts are common in granitic rocks and
provide detailed physiochemical information about pluton crystallization,
allowing us to understand how our continents are formed,,,.

Problem: Two opposing hypotheses describe K-feldspar nucleation and
result in different interpretations of igneous textures.

Hypothesis 1
e Based on large, euhedral crystal size and habit;, crystals are interpreted to
have nucleated in a hot, melt-rich, crystal-poor plutonic systemy,s,s.

e Successive melt replenishments from incremental pluton assembly
homogenize melt. Crystals are lofted and churned, then settles,7 (Fig. 1).

e Low crystal numbers are due to nucleation difficultiess.

Figure 1. Schematic showing the magma chamber during both hypotheses. Percentages indicate
crystallinity; temperatures indicate that of the system. ty) Hypothesis 1: Cumulate formation via crystal
settling;,; Hypothesis 2: Static crystal matrix with channelized magma flow1. t;) A new melt injection
increases the temperature. In Hypothesis 1, the crystals are lofted and partially dissolved. The chamber
churns and mixes, creating a new chemically homogeneous melt. In Hypothesis 2, a fresh melt injection
flows through the channels while increasing matrix porosity by melting mineral rims. t;) The system cools,
awaiting another melt replenishment. In Hypothesis 1, the crystals settle to form another cumulate and have
formed a rim of similar geochemistry. In Hypothesis 2, the crystals coarsen and maintain the static crystal
matrix, an each crystal gains a new, geochemically unique, asymmetric rim. Transects (left) indicate the
pattern we expect to see in a glacially eroded horizontal section of rock consistent with either hypothesis.
Temperatures for Hypothesis 1 from [7] and Hypothesis 2 at ty and t, from [12] and at t; from [18,19,20].
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Hypothesis 2

e Based on phase equilibria indicating
K-feldspar nucleation at 50%
crystallinity;,9,10,11 in a relatively cool melt:2
and coarsening via dissolution-
reprecipitationqs,14 as melt replenishments
induce temperature oscillationss.

e Mesostructures form as a static crystal
matrix permits channelized magma flow,

(Fig. 1).
Field Site

e Glacially eroded slabs in the Tuolumne

Figure 2. Top: Megacryst mosaic in Tuolumne Intrusive Suite, Intru S lve S u1te (TI S; Flg. 3) reve al

Yosemite National Park. Bottom: Megacryst sample LP-4 cut

parallel to c axis, revealing internal zoning.
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megacrystic mesostructures (Fig. 2).

e Biotite rinds
surrounding megacrysts
allow them to easily

=] Half Dome Granodiorite weather out of

o poie s s o granodiorite.

Tonalite of Glen Aulin (west) ° TWO groups Of Cathedral
Peak Granodiorite
megacrysts (Fig. 2) and
one group of Half Dome
Granodiorite phenocrysts
(Table 1) were collected
and analyzed.

Tuolumne Intrusive Suite

Johnson Granite Porphyry

- Cathedral Peak Granodiorite

Table 1. Sample groups from TIS.
Group Label | TIS Geological | Number of | Sample Size Range
PR Prefix Unit Samples (Length, mm)
e N Lp | CathedralPeak |y 51-79
NN o Granodiorite
e rp | CathedralPeaky 40-56
RSN Granodiorite
RRIOOON Porphyritic
'''''' . PHD Half Dome 6 30-34
y & 5 km Granodiorite
119°15'W

| Figure 3. Map of TIS after [15] and [21]. Red, green, and blue stars indicate sample
locations for sample groups LP, TP, and PHD, respectively.
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e Micro X-ray computed tomography scanning (Micro CT) can distinguish materials with different

densities and can create three-dimensional models of megacrysts,,.

e Each scan is a collection of ~2,000 individual slices, which can be reconstructed for analysis of

internal anatomy of each megacryst.

e Micro CT can resolve density differences between mineral inclusions as well as K-feldspar
(2.56 g/cm3) and celsian (BaAl,Si,0g; 3.32 g/cm3), making grayscale value a reliable proxy for Ba

content of K-feldspar in high-resolution reconstructions.

e Ba zones in reconstructions were mapped by distinguishing between density differences (i.e.,

grayscale differences; Figs. 4, 5) in the K-feldspar.

e Two methods were used to analyze the maps: transect correlations and skeleton plots,s.

LP6 LP7 LP8 LP9 LP10

Figure 5. Internally referenced color maps of all three sample groups. Coloring is the same as that in Figure 4. Black spots indicate mineral inclusions. Black lines in lower left represent 1 cm scale. Red box on LP1 indicates location of mirroring transects selected in the same location for each megacryst.

Transect Correlations

e Transects (Fig. 5) were length-normalized and divided into 100 equidistant points.

 We recorded and translated the color of each point into a numerical ¢

indicate inferred boundaries. c) Internally referenced map of zones based on Ba content (i.e., grayscale value). Red indicates highest
relative Ba content (brightest gray) and purple indicates lowest relative Ba content (darkest gray).

PHD5 PHD6 PHDS TP13

Table 2. Sample groups and three highest R? values
between randomly paired transects (including pairs

from the same sample).

ataset where purple equals 0 and red equals 5.

e The R2 values of the datasets as compared to one another were calcul

megacryst (Table 2).

Skeleton Plots

ated, including opposite transects from the same Sample Group Highest R Values
LP 0.34, 0.29, 0.24
TP 0.27,0.18,0.12
PHD 0.47,0.32,0.26

e For each transect, the thickness and color (i.e., density and Ba content) of each zone were measured and plotted as a bar plot, which could be compared to

one another to identify similar zone patterns in the same megacryst.
e Z0ones were kept in order but shifted to match similar portions of the
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Figure 6. Altered skeleton plot pairs of transects from the same megacryst from sample group LP. The origin represents the core; the y axis represents the
thickness of the zone in mm; each color corresponds to the color assigned to each zone in the color maps (Fig. 5).
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transects from the same megacryst.

Assumption 1: There are periods of dissolution or no crystallization.
Assumption 2: There are periods of time during which melts on either side of a
crystallizing megacryst communicate and times during which they are separated.

e The mismatched skeleton plots from opposite transects from the same megacryst
indicate that:
1) Megacrysts crystallized in individual melt pockets in a static crystal matrix
and formed subpockets as the melt crystallized, each with locally unique
geochemistry.
2) Pauses in growth indicate that dissolution-reprecipiation (Fig. 7) coarsened
the megacrysts.
3) For most transects there is an identifiable core where zones match,
indicating nucleation of K-feldspar megacrysts in an igneous environment.
4) A divergence from similar to different zone patterns indicates a transition
from crystallization in a melt to coarsening via dissolution-reprecipitation.

e Mismatched zone patterns are also directly observable in the reconstructions (Fig. 8).

Figure 8. Transects from
reconstruction of sample
PHD4 showing similar but
asymmetric zone patterns
mirrored about the core.
Arrow indicates an area of
dissolution and the box
indicates an area of
interfingered zones.

Figure 7. Dissolution-reprecipitation schematic during one temperature oscillation. Dashed lines represent original
rims of crystals at t,. ty) A zoned K-feldspar megacryst surrounded by smaller crystals of variable Ba content. t;) A
temperature increase due to a melt replenishment dissolves the rims of the megacryst and larger surrounding crystals
and entirely dissolves the smallest crystals. t;) Dissolved chemical constituents recrystallize around the megacryst,
decreasing the overall crystal number and size of the smaller crystals while coarsening the megacryst. Because

the surrounding crystals vary in Ba content and because the freshly dissolved chemical constituents likely recrystallize
on the nearest face of the megacrysts, interfingering zone patterns are produced.

Figure 4. a) Reconstruction of LP-4, parallel to c axis. b) Outlined zones; solid lines indicate visible zone boundaries and dashed lines
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Microstructures

e A variety of microstructures are evident in the megacryst reconstructions
(Fig. 9).

e Dissolution features and interfingering of variable Ba concentrations
(Figs. 9,10) in the same zone at a proportional distance from the core
indicate that smaller crystals partly or wholly dissolved and contributed
chemical constituents to the nearest large megacryst.

300

Figure 9 (Above). Microstructures observed in megacryst
reconstructions. a) Sample LP9 with dissolution features
(arrows) and oscillatory zoning (box). b) Sample TP14 with — Inner 250 |
dissolution features (arrows) and sawtooth zoning. c) Sample Middle g
LP6 with dissolution features (arrow) and interfingering zones < 200
(box). d) Sample TP13 with dissolution features (arrows) and —— Outer Q
oscillatory zoning (boxes). e) Sample LP7 with sawtooth zoning @ o 8 | Minimum § 150
(arrows). f) Sample LP8 with dissolution features (arrow) and =
interfingering zones (box). g) Sample LP10 with dissolution "7 MAXIMUM |G 100 |.uvoeeesesseeeeessmsseeeeessssesseesssssssseessssseee
features (arrows) and interfingering zones (box). h) Sample
PHD1 with dissolution feature (arrow). Black line in lower left 50
represents 5 mm. 1 2 3 4 5 6 7 8 1
250 350
Figure 10 (Right). Internally referenced grayscale TP11 PHD2
variations at proportional distances from the core for inner, 300
middle, and outer zones of representative megacrysts from % 200
each sample group. The x axis represents spot number. For ;U ———————————————— 250
each spot, four measurements were taken and averaged. 2 150 200
The minimum and maximum values represent the most § : ; : : ————————————————
K-feldspar-rich and the most celsian-rich grayscale values P 150 >°\//\\£><><
for the feldspar groundmass, respectively. Deviations G [V 10 <SS AT
outside of this zone of groundmass grayscale values may L
be due to sampling of mineral inclusions of different
density than K-feldspar and celsian. >0 >0
y p 1 2 3 4 5 6 7 8 1 1 2 3 4 5 6 7 8 1

Conclusions

1) Ba zones in K-feldspar megacrysts are resolvable down to ~20 pum in
Micro CT scans.

2) Maps of internal zoning are unique to individual megacrysts and imply
that they crystallized in individual melt pockets with limited melt
communication in a static crystal matrix.

3) Significant differences between zones on opposite sides of the same
megacrysts indicate that at some point the static crystal matrix created
subpockets from which unique zoning patterns on opposite sides of the
megacryst formed. Opposite transects from the same megacryst are not
significantly correlated.

4) Skeleton plots reveal identifiable cores that nucleated and crystallized in
an igneous environment, followed by a divergence in zone patterns that
indicate dissolution of outer zones and a move toward growth via
dissolution-reprecipitation in a partly or wholly crystalline system (i.e., the
cores are igneous, and the rims are meta-igneous to metamorphic).
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