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Introduction Backscattered Electron Titanite Images Titanite Compositions

Titanite i1s an accessory mineral in many granites. Due to its incorporation of a wide vayi
ety of trace elements, low elemental diffusion rates, and relative abundance, titanite is Notch Peak | ittle Cottonwood 100.000
useful in the study of petrogenetic processes. In addition, titanite also retains clear |
growth zoning from past events. We sampled titanite from two localities, the Notch 10,000 | £
Peak Granite located in Western Utah, and the Little Cottonwood stock located near Salt 7
Lake City, Utah in order to evaluate titanite usefullness in interpreting magmatic-and hy
drothermal histories.
/7KH 1RWFK 3HDN JUDQLWH IRUPHG LQ WKH PLG -XUDMVLF a OD IURP D VLQJOH SOXWRQ W 1
more chemically evolved than the Little Cottonwood stock. Titanite grains from Notch
Peak tend to form simple, euhedral grains with prominent sector and oscillatory zonin
(Fig. 2). Some grains exhibit prominent dark zones that contain distinct irregular zona
tion from a replacement event (Fig. 4). Finally, some titanite grains have been complete
ly replaced by fine grained quartz, ilmenite, magnetite, and rutile (Fig. 8).

/KH /LWWOH &RWWRQZRRG JUDQLWH IRUPHG LQ WKH HDUO\ 20LJRFHQH a OD DQG LV PRUH
mafic than Notch Peak. Its titanite grains also display a more complex texture than
Notch Peak’s. Titanite grains from Little Cottonwood tend to have primary patchy inte
rior zoning with abundant inclusions of apatite and rounded ilmenite, mantled by sectoL ——— NP-Primary NP-Replacement

and oscillatory zones (Flg.. 3). Anhedral mtersﬂﬂa} grqwth occurs as a s_econdary Process Th UNbMoTaW LaCePbPrSnNd SrSmZr Hf EuTiGdDyY HoErYbLu ScV Al FeSi NaGaRbBa B MgCaMn ZnLi
and accompanies dissolution surfaces (Fig. 7). Titanite grains from mafic enclaves
found in the Little Cottonwood stock and have unique texture and zonation. 100,000
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Figure 10. Notch Peak and Little Cottonwoo
element pattern graphs that include most trage
elements and some major elements. Primar
titanite tends to have higher concentrations o - . 0.035

. — . . . . trace elements with the exception of W, V an
Figure 2. Notch Peak sample Np-1-4. Titanite forms in euhedral Figure 3. Little Cottonwood sample LC-HFT-1. Little Cottonwood 10.000 y U. U contains a strong positive anomaly with

wedge-shaped grains which include sector and oscillatory zones.| samples often include patchy interiors with rounded ilmenites. 7 1.\ = a low Th and Nd. A rare earth element patte 3 0.025.
Titanites often have inclusions such as apatite, zircon, and ilmenite. 2VFLOODWRU\ |JRQLQJ RIWHQ IROORZV Z 1,000 A\ | diagram can be found in figure 13. Elements Cll
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Notch Peak granite “:' Figure 14. Titanites have been shaded according to proposed growth models, ranging from bright (red) zones in BSE to replaced and interstitial titanite (blye and g
Yellow and orange marks indicate primary titanite that mantles the core. Microprobe analysis are marked in the shaded pictures and F versus REE’s have been plo
Primary titanite located at the core have higher REE’s (0.02-0.05 apfu) and lower F (0.02-.05 apfu), while Secondary and replaced titanite have lower REE’Y (0.01-0

ThU NbMo TaW LaCePbPrSnNdSrSmzr Hf EuTi GdDy Y HoErYb Lu ScV Al Fe Si NaGaRbBa B MgCaMnZn Li apfu) and high F (0.04-0.1 apfu).
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Figure 4. Notch Peak sample Np-6-4. In the Notch Peak, some drairSigure 5. Little Cottonwood mafic enclave sample HFT-18-6-002. Primary growth 2VFLOODWRU\ JURZW
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are replaced with less REE rich titanite with its own distinct but The spongy texture suggests that late titanite grew surrounding *i‘. — ﬂ. R
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HREE — ppm Total REE Chondrite Normalized Figure 15. An example crystallization path for the Notch Peak granite. Primary titanite | Figure 16. An example crystallization path for Little Cottonwood. A lower f 2

crystallized and alternated between bright and dark bands seen in BSE images, called * favors ilmenite growth. A higherf2W PDJPD PL[HV DQG VWD

oscillatory zoning. Some exhibit replacement titanite and dissolution surfaces. Finally, ilmenite exsolves. Regular titanite begins to grow in the same pattern as Notth

titanite is replaced by ilmenite, rutile, and magnetite in a hydrothermal process. Peak. Interstitial growth grows after primary magmatic growth in a hydrotherina
process.
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Figure 11. A compositional graph of light rare earths versus heavy rare earths. Figure 12. The Eu anomaly compared to Total REE condrite normalized. Secondary
Primary titanites of both granites have higher rare earths, while secondary crystallization crystallization for either granites have either a neutral or positive Eu anomaly. This might
patterns have less. Notch Peak seems to be more differentiated and has more REE’s. be due to post hydrothermal recrystallization. See Figure 13. for REE pattern.

Little Cottonwood Stock Figure 6. Notch Peak sample 3-2. Titanite may exhibit multiple Figure 7. Little Cottonwood enclave sample HFT-18-1-1. The intefior

textures and inclusions. Shown here are rounded ilmenite, of the grain is typical of Little Cottonwood granite. Surrounding thd R E E patte rnS T|tan |te 238U/206P b Ag e P rO babl | I |ty P I Ot%‘ CO n CI US | O nS

oxidized titanite, and magnetite. oscillatory growth are late stage overgrowths and interstitial titanitd. Notch Peak Little Cottonwood Notch Peak Little Cottonwood G |
enerail.

LC-TQ LC-12 L%SB 100000 | e Primary titanite contains dark and bright sector, oscillatory, and patchy zoning in BEE
° o © NP-Primary Imaging, with high REE’s (0.02-0.05 apfu) and low F (0.02-0.05 apfu)
LC-HET = === L * Replaced titanite retains its own zonation, has lower REE’s (0.01-0.02 apfu) and
” —_— / | | higher F (0.04-0.1 apfu)
* Replaced and interstitial titanite has a more positive Eu* (0.8-2.0) than primary

titanite (0.5-1.1), most likely due to a hydrothermal fluid involvement.

Notch Peak Granite:
* Notch Peak initially crystalized around 167 Ma with a recrystalization event arounc]
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 Some samples have been completely replaced by fine-grained quartz, ilmenite, m
netite, and rutile, most likely by a hydrothermal oxidation event.

* Notch Peak’s primary and replacement REE patterns are similar, but tend to drop in

L C-Interstitial C heavier REE's.

1 v Little Cottonwood Stock:
la Ce Pr Nd Sm Eu Gd Dy Ho Er Yb ILu La Ce Pr Nd Sm Esu Gd Dy Ho Er Yb Lu « Little Cottonwood initially crystallized around 32 Ma in addition to a secondary intef

Figure 13. Rare earth element patterns normalized to chondrite values (Sun, 1989). Titanite in the Notch Peak Granite seperate into two patterns stitial event around 29 Ma.
based on higher REE concentration in primary growth, and lower in secondary replacement titanite. The only exception is La and Ce, which have similar values. Figure 17. Age probability graphs frotfiU/***Pb ages in titanite grains from | Primary Growth » Resorbed ilmenite indicates a lo@W PDJPD PL[HG Z2W K° DJRDJK|H
Titanite in Little Cottonwood stock also shows the same separation of REE patterns with late overgrowths and interstitial titanite having lower REE concentrations. Notch Peak and Little Cottonwood granites. More ages are in process, but this causing the dissolution of ilmenite and stabilization of titanite.
Positive Eu anomalies occur in the late overgrowth and interstitial titanite in the secondary titanite in both plutons, which may have come from post magmatic preliminary data set suggests that the secondary titantite in Notch Peak grafffté>"?a" Srowth -Additional crystallization events may have occured creating resorption surfaces an

hydrothermal alteration (Fig. 12.) Bumay be more soluble than other REE in these hydrothermal fluids, or Eu may have been oxidiZand@ifg it more compatible. and Little Cottonwood stock are about 2-3 Ma younger than primary titanite interstitial growth, similar to Notch Peak. 1
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Figure 1. Maps of Notch Peak granite and Little Cottonwood stock. Sample locations Figure 8. Notch Peak sample 5-6. After crystallization, titanite may Figure 9. The same grain as figure 7, more contrast is added in
are included on map. be completely replaced by ilmenite, rutile, and magnetite by electron backscatter imaging to show exsolved ilmenite.
hydrothermal oxidizing fluid. There is no titanite in this grain.




