
A Novel Approach to Imaging Megacryst Interiors 

Images of megacryst interiors perpendicular to {010} were mapped by distinguishing zone boundaries, infer-
ring zone boundary patterns, and color-coding zones qualitatively based on their greyscale value (Figs. 4, 5). 
Transects starting at the core and ending at the closest part of the rim on either side were used for analysis.
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Results: Non-Symmetric and Non-Correlated Zones

Figure 3. Processed CT data. a) CT slice perpendicular to 
c-axis and cut-plane; brighter areas indicate denser minerals. 
b) Rendered data; blue represents K-feldspar and quartz and 
warmer colors represent mineral inclusions. c) Inclusions in 
the same 3D model and orientation as (b) with feldspar and 
quartz removed.
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Figure 4. a) Original CT scan of sample LP4. b): Map of zone boundaries; solid lines represent observed boundaries, and dashed lines represent inferred boundaries. 
c): Color map of (b); warm colors represent more dense (high-Ba) zones and cool colors represent less dense (low-Ba) zones.

Figure 7. Simpli�ied illustration of megacryst coasrsening due to temperature oscillations. t₀: Initial temperature with K-feldspar crystals of variable sizes and 
Ba concentration expressed as differences in grayscale value. t₁: Temperature increases, resulting in complete melting of small K-feldspar crystals and melting 
of the outer layer of the moderately-sized and large crystals. Nuclei for the partly melted crystals remain. t₂: Temperature decreases back to initial temperature. 
Chemical constituents bond with the crystals with the least amount of surface energy per unit volume (i.e., larger crystals12), resulting in the loss of the small 
crystals, reduction in size of the moderately sized crystals, and coarsening of the largest crystals locally.

Tenaya
Lake

5 km

Tuolumne Intrusive Suite

Johnson Granite Porphyry

Cathedral Peak Granodiorite

Half Dome Granodiorite
megacrystic where stippled
Kuna Crest Granodiorite (east)
Tonalite of Glen Aulin (west)

N

LP8 LP9

LP1 LP2 LP5LP4

LP6 LP7

LP3

LP10
Figure 5. Scaled color maps of the megacrysts. Solid lines and dashed lines represent distinguishable and inferred zone boundaries, respectively. Truncations in the zones (LP2, LP5, LP6, 
LP9, LP10) re�lect the intersection of the {110} and {010} planes caused by Carlsbad twinning. Note the interbedded nature and the truncations (resorption features) of some zones.
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Figure 1. Left: K-feldspar megacryst cut parallel to c-axis and perpen-
dicular to the Carlsbad twin plane with macroscopic chemical and min-
eral inclusion zoning. Right: K-feldspar megacryst mosaic in the Cathe-
dral Peak Granodiorite.

Figure 2. Geologic map of Tuolumne Intrusive Suite5,6. 
Few contacts are gradational. The surrounding rocks are 
older, and the units shown were emplaced between ~95 
and 85 Ma6. The red star indicates the sample location of 
the analyzed megacrysts.

Figure 6. Skeleton 
plots for sample 
LP4.

Large, eye-catching K-feldspar megacrysts (crystals >5 cm in the longest dimension; Fig. 1) are common in granite 
but the details of their formation are unknown1.

Common characteristics include: Chemical and mineral inclusion
zones (Fig. 1, left), biotite crusts, and Carlsbad twins2.

Conditions during 
megacryst
formation bear on 
late-stage granite
formation and
related meta-
igneous textures.

       Ten whole-crystal samples from Cathedral Peak Granodiorite   
       (Fig. 2) were analyzed via Micro CT7 at Duke University.

       CT scans provide high resolution (~20 μm) 3D maps of the   
       internal structure of the megacrysts and reveal clear     
       X-ray intensity zones indicating variations in Ba 
       concentration (Fig. 3).
     
       The scans provide detailed 3D maps of the megacrysts’ internal  
       structure and zoning at a resolution of ~20 μm. 

 One quarter of each crystal was scanned during a series of 2,500 rotations, each of which pro-  
 duced four images that were subsequently averaged to create a single slice (Fig. 3a) which were  
 then  stacked.

 Those slices reveal clear X-ray
 intensity zones interpreted as
 variations in Ba concentration
  as well as detailed mineral
  inclusion zones (Fig. 3). 

  Ba zoning is produced via
  the substitution of (BaAl)⁺⁵
  and (KSi)⁺⁵ in K-feldspar to
  produce celsian (BaAl2Si2O8).

1) The classic interpretation: megacrysts grow early in a magma’s crystallization history in abundant melt. There 
are few crystals and plenty of room to grow. Magma recharge mobilizes and churns settled crystals and mixes 

consecutive melt replenishments. Eventually the melts are homogenized and the crystals settle3.

2) Interpretation consistent with experimental data and phase equilibria: The onset of K-feldspar nucleation does 
not begin until the latter half of cooling in a rheologically immobile system. There is little room to grow in hetero-

geneous melt pockets in the static crystal framework, and crystal coarsening occurs via dissolution-
reprecipitation.4.

These hypotheses can be tested by mapping mineralogical and chemical zones in megacrysts from the Cathedral 
Peak Granodiorite, Tuolumne Intrusive Suite (Fig. 2), California.
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Maps of individual megacrysts are clearly unique simply based on a visual comparison. The 
calculated correlation coef�icients comparing zoning patterns of different megacrysts and those 
of the same megacryst indicate that they each crystallized in chemically different melts and 
coarsened via dissolution-reprecipitation.

Dissolution-reprecipitation occurs during temperature oscillations, and promotes coarsening of 
neighboring crystals via mass transfer1,9,10 (Fig. 7).

If megacrysts are mobile and crystallize from mixed and homogeneous melt, chemical zones would be similar 
from megacryst to megacryst; if they form in a static crystal framework, each megacryst would be exposed to 
individual, heterogeneous melt pockets and would crystallize via dissolution-reprecipitation to form zones 
unique to each megacryst.

Correlation Test 1
1) Each zone color assigned a
number (dark purple = 0, red =5).
2) Transects divided into 100
equidistant points where the 
zone color number was recorded.
→ Correlation coef�icients for
different megacrysts:  ≤ 0.54
(majority are much lower)
→ Correlation coef�icients for
the same megacryst: ≤ 0.49

Correlation Test 2
Skeleton plots8 record thickness as a function of distance from the core (Fig. 6).
→ No obvious patterns couldbe matched between transects.
→ The number of zones on either side of a megacryst’s core can vary and is inconsistent.

The mineral inclusions do not accurately re�lect the modal abundance of the granodiorite.
 • Dacitic melt phase equilibria predict biotite and hornblende nucleation prior to that   
 of K-feldspar4.
 •  The Cathedral Peak Granodiorite contains signi�icantly less hornblende (<3 modal    
 percent) than biotite (3-5 modal percent)11.
 • Despite biotite’s ubiquity in the host granodiorite and its presence as a crust surround-  
 ing the megacrysts, hornblende and titanite are the dominant minerals inclusions with   
 few to no biotite inclusions.

The interbedded nature and asymmetry of zones in a single megacryst (Fig. 5) imply coarsen-
ing via dissolution-reprecipitation.
 •  Temperature oscillations occur during melt replenishments in a plutonic systems6,15. 
 • Crystal coarsening via dissolution-reprecipitation can take place after a portion of a   
 plutonic system is completely crystallized15, making the crystals are meta-igneous.

Each megacryst likely crystallized in chemically different melts. 
 • Each crystal face experienced local chemical differences, resulting from both anisotropic 
 melt �low through the static crystal framework and the asymmetric nature of mass 
 transfer during dissolution-reprecipitation. 
 •  Small crystals providing material for only a portion of the megacryst creates    
  interbedded zones (Figs. 5, 7). 
 • Resorption features (Fig. 5) point to mass loss during heating and are consistent with  
 other observations3.

These megacrysts with unique, asymmetric zones are meta-igneous. 
 • Garnet, a metamorphic mineral, can also form concentric, oscillatory zones15.
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