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ABSTRACT

Titanite (sphene) is a common accessory phase in plutonic and metamorphic rocks, but
has been reported to be uncommon in volcanic rocks. This does not appear to be true for
altered Middle and Late Jurassic fallout tuffs preserved in the Temple Cap, Carmel, and
Morrison formations in Utah where about 40% of the ash beds contain titanite. However,
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In these diagrams we have used the average value of each element from titanites in the phonolitic Limberg Tuff (Kaiserstuhl, Germany) against which the other samples have been normalized. The el-
ement patterns can be used to distinguish between different rock types as well as to see the core to rim variations within grains.

Individual titanite crystals contain information on the local changes in magma composition. In
plutonic titanites, these changes can be quite substantial. On some variation diagrams, these
changes can be viewed as compositional trends or pathways. For plutonic titanites these path-
ways are often quite long, covering a wide range of compositions, while for volcanic titanites

Titanites from various rock types are shown on the left side of this panel and from Jurassic tuffs and
granites on the right side for comparison. Titanite from the tuffs are quite similar on these diagrams to
volcanic and intrusive titanites, but quite different from titanite from other rock types.
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since these titanite grains only comprise a trace percentage of the total residual miner-
als recovered from any of the thin altered ash beds, their origin might be questioned.
Were they erupted along with other recovered phenoclasts, or are they detrital in origin?
In order to answer this question, we have accumulated a large number of geochemical
analyses on major and trace elements from the literature, as well as from our own sam-
ples for comparison. Titanite from the altered tuffs is most similar to titanite from other
volcanic rocks. This is apparent for REE, Y, Fe, and Mn concentrations, which are typical-
ly higher in volcanic titanite, and for Al and F, which are typically lower. They are also
similar to plutonic titanite grains, particularly those from Jurassic plutons of southern
California. However, titanite grains from the Jurassic tuffs and other volcanic rocks are
typically not as strongly zoned as plutonic titanite and lack rim zones that in many plu-
tonic titanites are low in REE and Y and higher in F. We interpret this stronger zoning to
be the result of long crystallization and cooling histories of plutonic titanite. Titanite
compositions from metamorphic and hydrothermal environments are quite different
than titanite from the Jurassic tuffs with higher Al and F and lower REE, Fe, Y, and Mn.
With only a few exceptions, the geochemical data support a volcanic origin for the ti-
tanite found in the altered tuff beds of the Carmel, Temple Cap, and Morrison forma-
tions.
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Jurassic Granites, California
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Eclogites from China (Guo et al., 2014)
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the pathways are typically fairly short. Here we show examples of these pathways for both plu-
tonic titanites from California granites as well as from volcanic titanites from our Jurassic ash
beds, some Tertiary tuffs of the Great Basin and Colorado, and titanites from other rock types.

Jurassic Granites, California Morrison Formation Ash Beds, Utah
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Tertiary Tuffs, Great Basin & Colorado Morrison Formation Ash Beds, Utah
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CONCLUSIONS

Titanite in bentonitic ash beds of the Jurassic Morrison and Carmel Formations of Utah 1S most simi-
lar in composition to volcanic and plutonic titanite, and is unlike titanite from hydrothermal, meta-
morphic, and silica-undersaturated rocks (nephelinites, phonolites, foidites, etc.). Compared to met-
amorphic titanite, volcanic and plutonic titanite typically has higher La, Ce, Fe, Mn, and Y, but lower
Al, F, and Ca. Many metamorphic titanites have a steeper slope on our normalized spider diagrams

from La through Sm than do volcanic and plutonic titanites.
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Compared to hydrothermal titanite, volcanic and plutonic titanite is typically higher in REEs and Y,
but lower in Nb, F, and Ca. Values for Fe and Al in hydrothermal titanite are quite varied and can be
as high or higher than many volcanic, plutonic, and metamorphic titanites.

High Nb content is the most distinctive feature of titanite from alkaline and silica-undersaturated
rocks (e.g., Limberg Tuff, Magnet Cove Complex). These titanites also tend to be low in Y, REEs, F, and
Mn compared to volcanic and plutonic titanite.

Separating volcanic from plutonic titanite is not as straightforward. However, plutonic titanite
grains typically contain fairly long crystallization paths when compared to volcanic titanite. They
may also have grain rims that are similar to hydrothermal titanite, and these grain rims may in fact
be hydrothermal.

In conclusion, the evidence gathered here strongly suggests that most of the titanite grains exam-
ined from the Jurassic Morrison and Carmel Formations are indeed volcanic in origin and not detrital

Crystal Creek 98-261 a1 — California Jurassic LCM-12 grain B — Morrison Formation
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contaminants from other rock types. In addition, the distinctive compositions of titanites from each
ash bed suggests that there was not a significant amount of intermixing of titanite between ash
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