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Assrnect

The chemical composition, density, optical properties, and cell parameters of
benitoite, neptunite, and joaquinite from San Benito County, California, are
reported. Electron microprobe analyses show that benitoite is homogeneous,
stoichiometric Ba.TiSLOe. Electron microprobe and emission spectrographic data
indicate that neptunite is fairly homogeneous and tha.t its formula is Lio uNa".tIG.a
(Fe,Mg,Mn)".oTLoSi"oO-. Joaquinite is quite complicated chemically, containing
hydroxyl and 1F-20 weight percent rare earth oxides. The density and'optical
properties for each mineral and ceII parameters for benitoite and neptunite are
similar to those given in the literature. Weissenberg and precession X-ray diffrac-
tion data indicate that single crystals of joaquinite have varying proportions of a
monoclinic and an orthorhombic component. The orthorhombic unit cell has
parameters a - 10.48 (2) A,b - 9.66 (2) A, and c - 22.26 (2) A; the monoclinic
unit cell has parameters o - 10.51 (2) A, b - 9.66 (2) A, c = 11.82 (2) A, and
p = 109.5 (2)'. Structural, chemical, and infrared data suggest the following
formula for joaquinite :

Bae.r(Srt "REu uTho.t) (Cao nNan "Fe" tl,io "Mgo t) Tir.tSt oO*.r(OII)*.r.

IwrnooucrroN
The three rare minerals benitoite, neptunite, and joaquinite occur

in natrolite veins which cut a glaucophane schist inclusion in a ser-
pentinite body near New Idria, San Benito County, California. Loud-
erback and Blasdale (1909) described this occurrence in detail; they
gave wet chemical analyses for benitoite and neptunite and physical
and optical properties for all three minerals. No further chemical data
for benitoite have been reported. Benitoite is of crystallographic in-
terest because it is the only known member of the ditrigonal-dipyram-
idal symmetry class; its structure was determined by Zachariasen
(1930). Recently, Fischer (1969) refined the crystal structure of
benitoite and confirmed Zachariasen's (1930) results.

Wet, chemical analyses of neptunite from this locality were given
by Bradley (1909) and more recently by Cannillo, Mazzi, and Rossi

' Contribution number 1979.
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Benitoite and Blueschist: Keeping up with Jo Laird
Mark Van Baalen, Harvard University



Benitoite

• Rare blue gemstone
• Only known example of ditrigonal-

dipyramidal symmetry class 6barm2
• Louderback & Blasdale, 1909
• BaTiSi3O9

• Wet chemistry à microprobe
• Fluorescent in UV light
• New Idria Serpentinite
• Origin unclear: whither Ba, Ti?

Prototype?



Benitoite optical properties

Benitoite with neptunite – field of view 5 mm Benitoite earrings



The Benitoite Locality: the Gem Mine



Model Reactions for Formation of Benitoite at New Idria
• barite + titanite + chlorite + glaucophane + albite + H2O = 
• benitoite + actinolite + natrolite + SO2(aq)
• Parallel reactions for neptunite, joaquinite
• Note reactions include a blueschist-greenschist transition
• All of these events occurred in the Miocene, ~12 Ma

• Louderback & Blasdale (1909) could not account for Ba & Ti
• Coleman (1957) proposed Ti-metasomatism
• Van Baalen (1995) showed paragenesis related to reactions between 

tectonic blocks entrained by serpentinite
• Tiny barite crystals abundant in Franciscan Fm, titanite provides Ti
• Rare minerals are rare because they require coincidence



Tectonic Blocks in Serpentinites

• More common in the Jurassic Coast Range 
Ophiolite than in Appalachians

• Exposed serpentinites are diapirs that entrain 
tectonic blocks during ascent

• At New Idria see a variety of lithologies in 
blocks, but mainly Franciscan Fm.

• Scale ranges from meter to kilometer size
• Reactions at margins of blocks against 

serpentinite
• Recognition of importance of tectonic blocks 

due to work of Bob Coleman in 1950s.
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conducted by consulting firms employed by EPA
(e.g. Levine-Fricke, 1989; Woodward-Clyde, 1990).

Regional Geology

The most remarkable feature of the New Idria
District is an oval, 23 by 8 km, fault-bounded, ser-

pentinite massif flanked by steeply dipping, locally
overturned, sedimentary and metamorphic rocks of
the Jurassic–Cretaceous Franciscan and the Creta-
ceous to Pliocene Great Valley Sequence. The out-
crop area of serpentinite rock exceeds 150 km2. The
New Idria serpentinite lies in the core of one of a
series of anticlines that characterize the Coast

FIG. 1. A. Map of central California showing New Idria (arrow), modified from Coleman (1986). B. Satellite photo of
a portion of central California, from Monterrey Bay and the Carmel Peninsula to the San Joaquin Valley. The New Idria
serpentinite is at the core of an anticlinal structure lying east of the San Andreas fault. The structure is rotated ~20°
relative to the trend of the San Andreas fault.

New Idria Serpentinite



Tectonic blocks in New Idria Serpentinite

Serpentinite approximately 23 x 8 km



Segue to amphiboles

• Serpentinites generally not a good 
place to look for amphiboles, but New 
Idria looks like an amphibole theme 
park
• glaucophane & crossite
• tremolite & actinolite
• kaersutite (barkevikite)
• hornblende
• Amosite
• unidentified blue amphibole



Glaucophane and Crossite



Tremolite and Actinolite

Actinolite vein in flaggy quartzite

Pulverization of rock results in 
blades, needles and cleavage 
fragments in soil



Kaersutite in an intrusive soda 
syenite, 12.4 ±0.8 Ma

Some crystals reach 18 cm

Intrusive nature shown by 
metamorphic halo with 
prograde olivine

Coleman (1957) suggested the 
rich suite of Ti-bearing 
minerals in the serpentinite 
was due to Ti metasomatism 
from this intrusion.

Van Baalen (1993) showed this 
was not feasible due to the low 
solubility of Ti complexes.



Hornblende derived 
from hornblende granite 
used as road metal at 
stream crossings in road 
network – pulverized 
by vehicle traffic



Amosite from mining artifacts
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Figure 3.11 - Condensed Space for Sodic-Calcic Amphiboles

An unnamed blue amphibole was 
found in veins crosscutting 
antigorite, near the contact with a 
large tectonic block of Franciscan 
Fm.

Composition lies in the tilted plane 
shown to the right, within Laird 
Space, projected along the FeMg-1
exchange vector

Origin of blue amphibole is 
problematic



Belvidere Mt. serpentinite does 
contain tremolite, as an accessory 
mineral in the rodingite at the 
Lowell Quarry

Returning to the Appalachians, 



View to the north from 
summit of Belvidere 
Mt., Vermont, looking 
towards Tillotson Peak 
and Hazens Notch, in 
Laird Country



Thanks, Jo


