
history of Mount St. Helens, it was pre- 
dicted that the volcano was likely to 
erupt, possibly before the end of this 
century (10). The early activity observed 
at Mount St. Helens is similar in charac- 
ter to the eruption of Lassen Peak Volca- 
no in California during the period 1914 to 
1921 (11). During the first year of Las- 
sen's activity, approximately 150 phreat- 
ic eruptions sent cold ash and steam col- 
umns to heights as great as 3000 m above 
the crater. No report was made of sulfur 
or acid fumes during that period. Mag- 
matic activity began on 19 May 1915 with 
a violent pyroclastic eruption of dacitic 
magma. Nu6e ardente-type eruptions 
followed on 20 and 22 May. Then the 
eruptive activity subsided with minor pe- 
riods of heightened activity, until at least 
February 1921. Our observations of 
Mount St. Helens are certainly consist- 
ent with the possibility that the current 
eruptive style may evolve into eruptions 
with a larger magmatic component. 

Volcanic gas geochemistry can pro- 
vide indications of increasing magmatic 
contributions to eruptions. At Mount Et- 
na in Sicily, the rate of release of SO2 has 
been shown to increase before magmatic 
eruptions (12). The S/Cl ratio in leach- 
ates is related to SO2/HCl ratios in vol- 
canic gas (13). Monitoring the SO2 emis- 
sion and measuring the S/Cl ratio in 
leachates could provide important pre- 
monitory indicators of a magmatic erup- 
tion. Therefore, continued geochemical 
monitoring of Mount St. Helens is ad- 
vised. 
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Contact Metamorphism by an Ophiolite Peridotite 
from Neyriz, Iran 

Abstract. Ophiolites are conventionally regarded as fragments offormer oceanic 
lithosphere. Mineralogical and field evidence indicates that peridotite of the Neyriz 
ophiolite was intruded at high temperature into folded crystalline limestones, form- 
ing skarns. This excludes the formation of the ophiolite at a mid-ocean ridge but is 
consistent with its origin by intrusion during continental rifting. 
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Abstract. Ophiolites are conventionally regarded as fragments offormer oceanic 
lithosphere. Mineralogical and field evidence indicates that peridotite of the Neyriz 
ophiolite was intruded at high temperature into folded crystalline limestones, form- 
ing skarns. This excludes the formation of the ophiolite at a mid-ocean ridge but is 
consistent with its origin by intrusion during continental rifting. 

Basic and ultrabasic rocks of an ophi- hill (about 1 km2 in area) of partly ser- 
olite complex are exposed in the Neyriz pentinized, mylortitized, harzburgites 
region of southern Iran where they were and lherzolites. 
emplaced by thrusting during the late The marble-peridotite contact truh- 
Cretaceous (1). One unusual aspect of cates the folds in the marble blocks, and 
this ophiolite is the presence of skarns at two groups of skarns are found within 30 
the contact between crystalline lime- m of it. Type 1 skarns occur within the 
stones and the ophiolite peridotite. serpentinized harzburgite, whereas type 
These skarns have been interpreted (i) as 2 skarns occur within the marbles. Type 
remnants of an intrusive contact of pre- I skarns are clinopyroxenites and clino- 
thrusting (1, 2) or postthrusting (3) age, pyroxene-marbles. The pyroxenites re- 
(ii) as the product of metamorphism at semble rodingite "dikes"; they are sub- 
the base of an obducted ophiolite (4), or parallel to the marble-serpentinite con- 
(iii) as the result of fortuitous association tact and are composed of coarse, 
with the ophiolite during subduction (5). equigranular, pale-green pyroxene with a 
The mineral assemblages reported (1) few scattered grains of chrome spinel. 
suggest other possible origins, such as The pyroxene-marbles occur as angular 
calcium metasomatism associated with fragments up to 0.5 m in diameter con- 
serpentinization or regional metamor- taining only calcite and idioblastic, ran- 
phism of impure limestones. The origin domly oriented grains of pyroxene. 
of these skarns is critical to the inter- Some fragments contain areas of unde- 
pretation of the Neyriz ophiolite and the formed, serpentinized harzburgite in 
evolution of the Zagros mountain chain which the contact between harzburgite 
and they are of more general interest as and marble is marked by a zone (2 to 3 
ophiolite-related metamorphic rocks, yet mm) of clinopyroxene partly altered to 
their detailed mineralogy is unknown. I chlorite and calcite and completely un- 
report mineralogical data from new disturbed except where crosscut by later 
skarn localities that indicate contact veins of calcite and chlorite; Type 2 
metamorphism of limestone by the ophi- skarns are subcircular wollastonite-py- 
olite peridotite. roxene-calcite bodies up to 10 m in diam- 

Mountain-size marble blocks are ex- eter. They are exposed on flat surfaces, 
posed just east of Tang e Hana, a small and their three-dimensional form is un- 
village 30 km northwest of Neyriz. They known; they are very coarse-grained and 
contain large-scale close folds plunging have a granoblastic polygonal texture 
steeply southwestward and rest on perid- typical of high-temperature metamorphic 
otites with a subhorizontal tectonized rocks. Their contacts with the marbles 
contact offset locally by small steep are sharp, completely undisturbed, and 
faults. All specimens of peridotite that I marked locally by pegmatitic calcite. 
have examined from this area are wholly Garnet replaces wollastonite along some 
serpentinized harzburgite, often with a cleavage traces and grain boundaries, 
compositional banding of originally or- and adjacent dark-green pyroxene is 
thopyroxene-poor and orthopyroxene- patchily altered to a paler variety. Irreg- 
rich layers. Ricou (1) also concluded that ular subplanar zones crosscut the rocks 
the peridotite is harzburgite, although re- in which plagioclase, garnet, and calcite 
porting a few specimens with up to 10 are associated with poikilitic, altered py- 
percent diallage. About 2 km from the roxene and wollastonite. 
westernmost skarn locality is an isolated I interpret the field relations as in- 
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Fig. 1. A diagram of temper- 
ature versus fluid composition \No02- 
(T-Xco) showing selected ex- 1200- AITs + 2Wo - C 

perimentally determined and Gr 
calculated equilibria for the - FeTs + 2Wo 

CaO-A12Oa-SiO2-CO2-H20 and Gr50And50 

CaO-Fe203-SiO2-CO2-H20 sys- 1000- 
tems (11). Fluid pressure equals Type 3 
total pressure (2 kbar). The - -Type 2 

position of the isobaric in- -a <o/0 . IIa 

variant point I is experimental- 8oo- x0 o-"? 
ly determined (11), and the po- /f G 
sition of point II has been cal- / CO - 

culated from data in (10). The /Ai 
lines labeled type 2 and type 3 600 Gr+Qu 
indicate the minimum temper- 
atures for the reaction fassaite 0 

0.0 0.2 0.4 0.6 0.8 1.0 
+ wollastonite = garnet in the 

X2 

type 2 and type 3 skarns, esti- 
mated from the positions of the equilibria AITs + 2Wo = Gr, and FeTs + 2Wo = Gr50And50 
(11). The curve labeled Gr (0.47) indicates the shift of the curve Gr + CO, = An + Wo + Cc for 
grossular activity = 0.47, which is the maximum value for type 2 garnets; decreasing grossula- 
rite content of garnet will shift this curve to higher Xco, at constant temperature. The inter- 
section of this curve with the type 2 line thus locates an isobaric invariant point (IIa), indicating 
a CO2-rich fluid accompanying retrogression. Abbreviations: Al Ts, aluminum Tschermak's py- 
roxene; An, anorthite; And, andradite; Cc, calcite; FeTs., ferric Tschermak's molecule (6); Gr, 
grossular; Qu, quartz; and Wo, wollastonite. 

dicating that in most places little move- 
ment has occurred along an original in- 
trusive contact. Type 2 skars, which 
show no signs of tectonism at all, ap- 
pear to represent originally intrusive 
"tongues" and are restricted to a zone 
within a few tens of meters of the present 

roxene close to the contact but not else- 
where. Type 1 skarns appear to repre- 
sent part of a discontinuous zone at the 
marble-peridotite contact. Tectonism 
has resulted in the disruption of this rigid 
zone and produced a few centimeters of 
schistose serpentinite in places and has 

contact. The marbles often contain py- smoothed out most of the original irregu- 

larities of the contact and incorporated 
the type 1 skarns as blocks in serpentin- 
ite, although they remain close to their 
original position. In at least one place, an 
entire contact zone is apparently pre- 
served undisturbed (1). 

Another group of skarns (type 3) oc- 
curs discontinuously at the contacts be- 
tween smaller marble blocks (less than 
100 m in diameter) and serpentinite 
about 10 km east of Tang e Hana. These 
skarns have a coarse mylonitic foliation 
and contain fassaite, garnet, wollaston- 
ite, and anorthite porphyroclasts in a re- 
crystallized matrix chiefly composed of 
wollastonite. They differ from types 1 
and 2 in the much greater abundance of 
garnet and plagioclase and in the occur- 
rence of sphene and apatite. These 
skarns are clearly not in their position of 
formation. Their contact with highly 
schistose serpentinite is sharp, and, al- 
though the mylonitic foliation is normal- 
ly parallel to the serpentinite schistosity 
and the marble-serpentinite contact, in 
one place it is highly oblique to both. The 
mylonitization obviously predates the 
serpentinization since the fabric is over- 
printed by hydrous Ca-AI silicates typi- 
cal of low-temperature calcium meta- 
somatism associated with serpentiniza- 
tion. Intergrowth of fassaite and garnet in 

Table 1. Representative analysis (oxide percent by weight), formulas, and end-members (mole percent) of coexisting minerals from skarns. Skarn 
types are indicated parenthetically. All samples were analyzed with an energy-dispersive electron microprobe with estimates of Fe203 for 
pyroxenes and garnets by assuming cation sums of 4 and 16 normalized to 6 and 24 oxygens, respectively. Wollastonite and plagioclase were 
recalculated to 6 and 32 oxygens, respectively. Analyses NY59-B6 and NY59-B9 are diopside and garnet formed by reaction of fassaite (NY59- 
B7) with wollastonite. For pyroxene end-members, see (6); for garnets, Gross = grossular, Andr = andradite, and Schorl = schorlomite; for 
plagioclase, An = anorthite and Ab = albite; N.D., not detected. 

NYS9-1 NY40-13 NY40-22 NY5-2 NY59-B7 NY59-B6 NY59-B9 NY59-1 NY40-15 NY40-18 NY40-13 NY40-2 
^ , c.. f ? J--,. wollas- ^ . plagio- wollas- 

Sample fassaite fassaite diopside garnet fassaite garnet la 
(type 1) (type 2) (type 2) (type 2) ite (type 3) (type 3) clase tonite 

(type 2) (type 3) (type 3) 

SiO2 47.37 45.68 52.64 38.02 51.54 41.77 37.69 44.41 51.31 
TiO2 0.73 0.93 0.02 1.09 N.D. 2.23 1.53 N.D. N.D. 
A12O0 7.27 9.12 0.32 13.58 N.D. 12.27 13.05 35.78 N.D. 
Fe2O3 4.34 4.59 0.79 11.64 0.00 3.86 11.73 N.D. 0.00 
Cr203 0.30 0.04 N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
FeO 0.00 3.09 8.29 0.00 0.31 7.40 0.61 N.D. 0.35 
MnO N.D. 0.10 0.28 0.39 N.D. N.D. 0.24 N.D. N.D. 
MgO 13.59 10.70 12.18 0.29 N.D. 7.72 0.44 N.D. N.D. 
CaO 25.42 25.28 25.46 35.82 48.32 24.04 34.95 19.36 47.87 
Na2O 0.24 0.18 0.13 N.D. N.D. N.D. N.D. 0.48 N.D. 

Total 99.26 99.71 100.11 100.83 100.17 99.29 100.25 100.03 99.53 
Si 1.758 1.713 1.980 5.926 1.994 1.602 5.919 8.200 !.996 
Aliv 0.242 0.287 0.014 0.074 0.000 0.398 0.081 7.789 0.000 
Alvi 0.076 0.116 0.000 2.422 0.000 0.157 2.335 0.000 0.000 
Ti 0.020 0.026 0.001 0.128 0.000 0.064 0.181 0.000 0.000 
Fe3+ 0.121 0.130 0.022 1.365 0.000 0.111 1.386 0.000 0.000 
Cr 0.009 0.001 0.0000000 0.000 0.000 0. 0.000 0.000 0.000 0.000 
Fe2+ 0.00 0.097 0.261 0.000 0.010 0.237 0.081 0.000 0.011 
Mn 0.000 0.003 0.009 0.051 0.000 0.000 0.032 0.000 0.000 
Mg 0.752 0.598 0.683 0.067 0.000 0.441 0.103 0.000 0.000 
Ca 1.011 1.016 1.026 5.983 2.003 0.988 5.881 3.830 1.996 
Na 0.017 0.013 0.009 0.000 0.000 0.000 0.000 0.172 0.000 

AITs8 AlTs12 AlTso Gross62 AlTs16 Gross59 An96 
FeTs1i FeTs12 FeTs1 Andr34 FeTs61 Andr34 Ab4 
TiTs2 TiTs3 TiTso Schorl2 TiTs6 Schorl3 
Others79 Others73 Othersgg Others2 Others67 Others4 
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porphyroclasts and development of gar- ophiolite (12); fluid pressure has been as- 
net rims on some porphyroclasts indicate sumed equal to total pressure. Reaction 
that some of the mylonitization may 2 is only slightly dependent on pressure 
have occurred during cooling and retro- (approximately 50?C/kbar, depending 
gression of the skarn assemblage soon upon composition) and is independent of 
after its formation. fluid composition; garnet-fassaite com- 

Representative analyses of skarn min- positions indicate minimum temper- 
erals are listed in Table 1. Unaltered py- atures at 2 kbar of 880?C for type 2 
roxenes are characterized by high Ca, skarns and 920?C for type 3 skarns. The 
Al, and Fe3+ and low Na and are fas- assemblage garnet-fassaite-wollastonite- 
saites in which charge balance is main- plagioclase-calcite found in type 2 skarns 
tained principally by the coupled sub- as a result of reaction 3 fixes an isobaric 
stitutions invariant point (Fig. 1) in T-Xco2 space. 

(Mg,Fe2+)Si = (AI,Fe3+)Al Its position will vary slightly with vary- 
ing Fe3+/AI in fassaite and garnet, but, if 

and it is assumed that plagioclase is pure 
Tp.2+\ . anorthite similar to that in type 3 skarns 

(Mg,Fe2+)Si2 TiA12 (Table 1), the assemblage indicates a 
in Tschermak's molecule [Ts, expressed CO2-rich fluid accompanying retro- 
as end-members AITs, FeTs, and TiTs gression (Fig. 1). 
(6)]. Fassaites in the type 1 skarns These temperatures are minimum esti- 
(+ calcite) have lower Ts contents than mates for skarn formation (since they 
those in type 2 skarns (+ wollaston- apply to retrograde reactions) and the 
ite + calcite), whereas type 3 fassaites very high estimated temperatures are 
(+ garnet + wollastonite + plagioclase) supported by the type of fluid inclusions 
have the highest Ts contents. Garnets in fassaites and wollastonites of type 2 
are grossular-andradite solid solutions skarns. These contain primary and pseu- 
with less than 10 mole percent of other do-secondary inclusions interpreted as 
end-members; those in type 2 skarns magmatic inclusions, an indication that 
have a higher grossular content (57 to 70 fassaite and wollastonite crystallized 
mole percent) than those in type 3 skarns initially from a melt (13). Contact tem- 
(42 to 59 mole percent). Plagioclase in peratures of at least 900?C therefore 
type 2 skarns has altered to albite, epi- seem reasonable. Similar assemblages to 
dote, and calcite but in type 3 skarns is those of the Neyriz skarns have been re- 
anorthite-rich (89 to 97 mole percent). ported from dolomitic limestone xeno- 
Wollastonite and calcite in all skarns are liths at the margin of the Bushveld lopo- 
virtually pure. lith for which intrusion temperatures of 

Fassaite is found only in silica-poor, the order of 1100?C have been suggested 
high-temperature environments (7-9) but (9, 14); differences in mineral assem- 
has a relatively large stability field. How- blages are a reflection of the initial Mg- 
ever, the presence of wollastonite limits poor composition of the Neyriz marbles. 
fassaite stability by reactions including: Fassaite-garnet assemblages produced 

Ts + wollastonite - garnet (1) from limestones metamorphosed by gab- Ts + wollastonite -> garnet (1) 
bros of the Boulder batholith (8) appear 

Some constraint on formation temper- to differ not only in bulk composition and 
atures for the skarn rocks is provided by fluid composition but were metamor- 
the appearance of garnet, which is form- phosed at rather lower temperatures, 
ing retrogressively by two reactions: as indicated by the absence of the 

assemblage garnet-fassaite-wollastonite 
Fassaite + wollastonite - (15). 

garnet + Ts-poor diopside (2) The only reasonable explanation for 
the origin of these high-temperature Fassaite + wollastonite + CO, -> 

a+ llaso + O skarns is the intrusion of the ophiolite garnet + plagioclase +- 
ie .+ plaie + . peridotite. Metamorphism of the perido- diopside + calcite (3) tite can be excluded because of the ab- 

Temperatures for these reactions (Fig. 1) sence of any signs of metamorphism, 
have been obtained from thermochemi- other than the later episode of serpentini- 
cal data (10) and experimentally deter- zation, and the large amounts of in- 
mined equilibria in the systems CaO- troduced Ca and CO2 required. Calcium 
Al203-SiO2-H20 (11) and CaO-A12O3- metasomatism has occurred but has pro- 
Fe2O3-SiO2 (9), and the effect of other duced a characteristic set of minerals in- 
components has been estimated (11). No cluding pectolite, prehnite, grossular, 
equilibria directly fix pressure in the hydrogrossular, Ts-poor diopside, and 
skarns, and therefore a total pressure of chlorite. These minerals clearly postdate 
2 kbar has been assumed by comparison skarn formation and retrogression and 
with the stratigraphy of the nearby Oman are typical of low-temperature Ca-meta- 
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somatism associated with serpentiniza- 
tion (16). Regional metamorphism of im- 
pure limestones fails to explain the con- 
sistent and intimate spatial relationships 
between peridotite, skarn, and marble; 
the very high temperatures required 
would also be extremely unusual. The 
present structural position of the skarns 
on top of the peridotite and their mineral- 
ogy and textures are very different to 
subophiolite metamorphic rocks (17) 
produced by obduction. The type 3 
skarns are not in their position of forma- 
tion and could be explained as remnants 
of a contact with the ophiolite gabbros 
now exposed within a few kilometers of 
the easternmost skarn localities. This 
would explain their relatively high Al, 
Ti, and P contents. However, skarns are 
never found associated with the gabbros, 
and the mineralogical and chemical simi- 
larities to type 1 and type 2 skarns, 
which are clearly related to the perido- 
tite, suggest a similar origin for the type 3 
skarns. The zonation reported from a 
complete contact (1) suggests that the 
type 3 skarns represent the remnant of a 
skarn zone closest to the peridotite. 
There are no other intrusive rocks in the 
Neyriz region which could have been re- 
sponsible for the skarn formation. 

The evidence therefore indicates that 
the skarns formed partly by crystalliza- 
tion of a melt formed at the contact and 
partly by diffusion metasomatism, as a 
result of the intrusion of peridotite into 
continental basement limestones. This 
origin of the crystalline limestones is 
suggested by the large-amplitude folds 
crosscut by the peridotite contact. The 
peridotite may have been intruded as a 
crystal mush with a small amount of par- 
tial melt produced by adiabatic melting 
induced by sudden continental rifting, or 
it may have been hot and solid but plastic 
and locally molten at the contact as a re- 
sult of the introduction of CO2. In a CO,- 
rich fluid phase SiO2, Al203, Fe2O3, CaO, 
and MgO were probably the chief com- 
ponents (18), but the skarn zone formed 
would probably have been narrow since 
the energy required for the assimilation 
of marble is supplied largely by the en- 
thalpy of crystallization of phases from 
the magma (18, 19). Formation of skarn 
minerals would therefore have acceler- 
ated the cooling and crystallization of the 
intrusion. In such a case, the composi- 
tion of the pyroxene would be a function 
of the rates of diffusion and chemical po- 
tential gradients across the contact dur- 
ing multicomponent diffusion. The in- 
creasing Ts content of the fassaite from 
type 1 to type 3 skarns is a consequence 
of the higher diffusion rates and higher 
initial concentrations in the peridotite of 
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SiO2 and MgO compared to A1203 and 
Fe2O3. Zoning of the pyroxenes is not 
observed and is unlikely to be preserved 
since intracrystalline diffusion is much 
more effective at high temperatures. 

The preservation of an intrusive con- 
tact is therefore more consistent with 
models of the Neyriz ophiolite, that sug- 
gest an origin during continental rifting 
(20) (perhaps resulting in an ocean simi- 
lar to the present-day Red Sea) rather 
than at the spreading center of a wide 
ocean destroyed through subduction (5) 
or partially obducted as a hot slab (4). 
Other ophiolites of the Tethyan belt, 
where evidence for subduction and ob- 
duction is often weak, may have origi- 
nated in a similar manner. 

ROBERT HALL 

Department of Geological Sciences 
Queen Mary College, University of 
London, London El 4NS, England 
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Aragonite Twinning in the Molluscan Bivalve Hinge Ligament 
Abstract. Molluscan bivalve hinge ligaments are composed of long needle-shaped 

aragonite crystals embedded in a protein matrix. These crystals are twinned and, in 
general, the twin forms a thin lamella through the center of the crystal. 

Aragonite Twinning in the Molluscan Bivalve Hinge Ligament 
Abstract. Molluscan bivalve hinge ligaments are composed of long needle-shaped 

aragonite crystals embedded in a protein matrix. These crystals are twinned and, in 
general, the twin forms a thin lamella through the center of the crystal. 

By electron microscopy and electron 
diffraction of single crystals in thin sec- 
tions, we have demonstrated that the 
aragonite (CaCO3) crystals in the mollus- 
can bivalve hinge ligament are twinned. 
Aragonite is orthorhombic belonging to 
space group Pmcn. Inorganic sources of 
the mineral are commonly observed to 
be twinned about the (110) morphologic 
plane (1). Thin twin lamellae have been 
observed in electron micrographs of 
aragonite crystals from limestone depos- 
its (2). Our experiments are apparently 
the first demonstration of twinning in 
biogenic aragonite, although Mutvei (3) 
has proposed that, on the basis of crystal 
morphology alone, the aragonite crystals 
of bivalve shell nacre are twinned. 

The bivalve hinge ligament is com- 
posed of long needle-shaped aragonite 
crystals embedded in an elastic, pre- 
dominantly protein matrix (4). The crys- 
tals are pseudohexagonal in cross sec- 
tion (Fig. 1), and the morphologically 
long (crystallographic c) axis is oriented 
perpendicular to the growing margin of 
the ligament. The crystals are about 100 
nm in cross section. For electron micros- 
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the ligament. The crystals are about 100 
nm in cross section. For electron micros- 

copy, 0.5-mm slices of the ligament were 
fixed in 5 percent glutaraldehyde in 0. 1M 
cacodylate buffer, p H 7.6, for 4 hours, 
then dehydrated with ethanol and em- 
bedded in Epon. With a dry diamond 
knife, 100-nm sections were cut per- 
pendicular to the c axis of the crystals. 
The sections were transferred to a water 
surface with a fine hair and picked up im- 
mediately on copper grids to prevent dis- 
solution of the crystals. Images and dif- 
fraction data were obtained with a Phil- 
ips 200 electron microscope. Images 
were recorded at 60 kV and diffraction 
data at 100 kV. 

The electron micrographs of Mya are- 
naria and Spisula solidissima (Fig. 1) 
show hinge ligament cross sections. The 
electron-opaque structures are the 
aragonite crystals; the electron lucent 
area is the organic matrix. Since the c 
axes of the individual crystals (which are 
nearly perpendicular to the plane of the 
micrographs) are not perfectly parallel, 
not all of the crystals in a section are in 
a reflecting orientation. Those crystals 
that are in a strongly reflecting orienta- 
tion have opaque images as a result of 
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Fig. 1. Electron micrographs of hinge ligaments showing the aragonite crystals in cross section. 
(A) The Mya arenaria ligament. The thin bands through the center of the crystals are thin twin 
lamellae. (B) The Spisula solidissima ligament. Crystal a has multiple twin lamellae and crystal 
b has twin lamellae on both the (110) and (110) planes. Crystal c has a thick twin lamella and the 
lower third of crystal a is in the twin orientation. Bar equals 100 nm. 

Fig. 1. Electron micrographs of hinge ligaments showing the aragonite crystals in cross section. 
(A) The Mya arenaria ligament. The thin bands through the center of the crystals are thin twin 
lamellae. (B) The Spisula solidissima ligament. Crystal a has multiple twin lamellae and crystal 
b has twin lamellae on both the (110) and (110) planes. Crystal c has a thick twin lamella and the 
lower third of crystal a is in the twin orientation. Bar equals 100 nm. 
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