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ABSTRACT ~ BACKGROUND

Undergraduate research pro;ects focused on the geology exposed in the Absaroka Mountalns have added knowledge through 1@ ~ The Absaroka Volcanic Province (AVP) of northwestern Wyoming is composed of intermediate and mafic rocks. Most of the volcanism occurred between
'petrologlc descnptrons of textures and minerals, X-ray diffraction for m|neralogy, and geochemlcal S|gnatures of major and trace s ‘-*k 53 and 38 million years ago (Sundell, 1993). It is the largest Eocene volcanic field in the Northern Rocky Mountains covering nearly 9,000 square miles.
elements. Initial characterization of the volcanic province in these projects started with a literature review and comparison of | T"ff;?:f:;l:?i:i“’ti:kWTL;;:;' C—— Eocene volcanic rocks have been named the Absaroka Volcanic Supergroup. The three groups that comprise the supergroup are the Washburn,
igneous rocks in the Absaroka Mountains with those from the Yellowstone Caldera. Although adjacent, these two volcanic provmces fckf,; "*t :s.q‘;g:a y é‘:?: e Sunlight, and Thorofare Creek Groups (Smedes and Prostka, 1972). The Washburn Group makes up much of the northern AVP and is the oldest part of
are vastIy different from one another. Volcanic units of the Absaroka Mountains are d|st|nctly intermediate to mafic in composition ,,,, 'h cd ﬁ e (8 this series. This group was named for the type area, the Washburn Range, and produced from volcanic centers located around northeastern Yellowstone
‘and are dominated by volcaniclastic rocks whereas the Yellowstone units are typically more felsic and fine-grained. VoIcantclastlc S ~National Park (Smedes and Prostka, 1972). The group contains basaltic lavas and volcaniclastic rocks composed of hornblende and pyroxene andesite,
units in the Absarokas include brecmated and Cong]omeraﬂc textures with a wide variety of |gneou5 ||tho|og|es exhibited in the z giFﬁ'Bl"':’F?;k.Twrni ) ~biotite andesite and dacite, and rhyodacite ash-flow tuffs (Smedes and Prostka, 1972). The Washburn Group includes the Sepulcher, Lamar R|ver ’ and
clasts. Clasts In the breccias are commonly porphyritic basaltic Iava and are vanable in size and shape. Comparatlvely, cIasts in M E:i‘n,, Cathedral Cliffs Formatlons The Sunlight Group includes much of the centraI part of the Absaroka Range just east of YeIIowstone It overlles the

the volcanrclastlc conglomerates are rounded, often cobble-sized and have lithologies ranging from porphyritic dacite to basaltic Iava P A T v Washburn Group to the north, but rests directly on prevoIcanrc rocks to the south (Smedes and Prostka, 1972). Associated rocks |nclude dark-colored

. Cathedral Cifs Formation —Light-colored an l Sithe l stic rocks. Taw

pyroxene andesite lava flows, volcaniclastic rocks, and potassium-rich basalts (Smedes and Prostka, 1972). The Sunllght Group is compnsed of the

-rows The volcaniclastic units are separated by and sometimes contain lava flows of intermediate to mafic composition. Previous o
~ Mount Wallace Formatlon Crescent Hill Basalt, Wapiti Formation, and Trout Peak TrachyandeS|te The youngest of the three groups is the Thorofare

studles have ut|I|zed these lava flows and dike intrusions in the area to determine the timing of igneous act|V|ty dunng the Tertlary Thorofare Creek Gro A

Dike intrusions into these volcanic units have also been used to delineate several volcanic centers across the province. ‘ Twi Wiggins Formation ~ Creek Group comprising much of the southern half of the Absaroka Range. This 6,000 foot layer of rock generally overlies the Sunlight Group, but also
Geochemlcal S|gnatures of the i |gneous rocks in the provrnce have S|02 composmons of 50.8-65.6% |nd|cat|ng the overaII interfingers with it in some areas (Smedes and Prostka, 1972). L|ght -colored volcaniclastic rocks and andesitic lavas are found in the Langford Formation.
_|ntermed|ate composition of the province. - Some of the samples have unusuaIIy high K20 composmons given the S|I|ca content | oy Vi;n_li_ghtGroup .' 'Dark -colored, coarse volcaniclastics comprise the Two Ocean Formation, while the Tepee Trail Formation consists of fine- gra|ned green and brown rocks
while others indicate some minor enrichment of Cu. The geochemical sighatures and petrographic observations are verified with piti Formation - The ngglns Format|on consists of well- bedded, light- gray voIcanchastlc rocks WhICh were cIoser examlned dunng this study. Igneous act|V|ty has

data from X-ray d|ffract|on |nd|cat|ng feIdspathord m|nerals and alteration products where K20 compositions were high and feldspar Figure 1. Selected area from the ~ produced many structural features Magmattc |ntru3|ons of dikes, srlls stocks, and other hypabyssal rocks have caused foldrng and faulting in the
varieties that are congruent with Na and Ca compositions. Together, these undergraduate research projects of rock units in the __, g‘;‘;‘gt?;;“eip fé!!l‘illl“i a(anOpVIg and — surrounding voIcanlclastlc rocks (SundeII 1993) Most of the drkes are f|ve to f|fteen feet In th|ckness and occur |n clusters or nng I|ke complexes of
Absaroka Mountains have provided pieces of information that can be used to build on the existing knowledge base in the area. % locations marked. ~ several d|kes (Nelson et al., 1980) o |
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| - RESEARCHER: Rachel M. Schulta, Senior-level geology student
| | TIMEFRAME: Fall 2007-Spring 2008 - TIMEFRAME: Summer 2009-Spring 2010 |

' TIMEFRAME: Summer 2013-Fall 2014

. PROBLEM STATEMENT: What processes took place to produce the volcanic and  PROBLEM STATEMENT: How are the clast size and rounding related to the

_intrusive rocks in the Absaroka Volcanic Province? observed mineralogy and petrology of volcaniclastic rock units in the Wiggins PROBLEM STATEMENT: What are the similarities and differences - |
4 Formation. : between the mineralogy, petrology and geochemistry of the Sunlight e
- PURPOSE: Use mineralogical, petrological and geochemical methods to collect || Group and the Thorofare Creek Group. | CONTRIBUTION 1
~ Information about igneous rocks within the Absaroka Volcanic Province and compare PURPOSE: T | This undergraduate research
- that with existing data to both, contribute to the knowledge base and gain some The purpose of this research project is to observe the petrology of the Wiggins - PURPOSE: | project used the chemistry and
 understanding of the processes leading to the formation of the area. formation and characterize the mineralogy and textures of clasts to gain a better - The purpose of this undergraduate research project is to compare and o petrology to evaluate the
S e ~ understanding of volcanic eruptions that were occurring 44-46 million years ago. contrast the petrological, geochemical and mineralogical data betweenthe - | o 4tionship between the
R Retrieving this information will be done by examining the sample thin sections | Sunlight and Thorofare Creek Groups in the Absaroka Mountains. . . |breccias and dikes of the
4‘ CONTRIBUTION 1 , _ _ _ _ | | | and use GIS to f|nd the average area of the voIcanchasts usmg freld |mages ‘I o o o . o o o Wabpiti formation within the
| The work done on Allen’s project was our starting point for research in the Absaroka Volcanic Province. He had e ———————————— . . . o o . | ‘ ‘ ‘ ‘ ‘ ‘ ‘ . . .
| visited the area and was interested in doing an undergraduate research project focused on Mineralogy and - f - | - - | o }4 - o | o | | CONTRIBUTION 1 o ' | . . tSOutnllleg\ht)IC(.:;;(r)]uCp;Qﬂc(::ompanson
| Petrology. A brief literature review provided the basis for developing a problem statement that could be investigated e 5 e 28 | Based on previous work in this & , il i ikl il bl i M - | conalomerates and flows of the |
| at a beginning level to see if we could reproduce some of the results. His first and most significant contribution to area, we expected to find clasts in : f ML : x  jBanakite Wi J' ¢ . £
| the research in this area was the collection of a sample set representative of the AVP, corresponding thin sections, the \;olcaniclastic con el proncite Trachyte i | Shoi‘*séite 'ggins formation of the
. . . glomerates - ® - | Thorofare Creek Group.
and preparatron of powdered samplesfor X-ray dlffract|on. — - - | that were representative of earlier I e reRnge Tachy \Trachyaacte | B Based on the chemical
. v || | CONTRIBUTION 2 volcanic events within the S R A ol ‘ ' Riolte | signatures of the rocks
=iz 8 | The petrology and chemistry of the samples |Absaroka Volcanic Province. We | ] S N - _ | evaluated, there appear to be
m | matched previous studies in the area, providing also expected the cornposmon of . 1 4 M : — | two distinct magma groups.
B continuity and confidence in his results. Volcanic | those clasts to be variable and to 2ot [ - , ook vt _ | The firstis a normal calc-
| breccias in the area were intermediate in chemical mcl;:de somgrnterrtr;]edlate Itto mfaflc - ~ o) T LT PN S I PR PUUTE SRTTY e — sfndes'tzo e | alkaline series ranging from
: . . | rock types. Given the results o o ; 3% 40 45 50 55 60 65 70 75 io, | basaltic andesite to dacite.
m"m il e T n_augim e brecciated textures. The intrusive dikes Showed " Figure 4. Outcrop location for Clast Frequency Chart that !’nOSt of the Cla-_sts are 7 . http://www.tlll\lla)ré(iaﬁzdjuf/r;s&a.n(el:lzogégse;l2a|12{iggc6)c):kclassif.htm o HYpabyssaI dike | Modified from: (McBirney 1993) | riCh, Silica pOOr magma Wlth
B ~oytounit i . . . . . | | Wiggins formation in the Thorofare dominated by plagioclase and | | X Volcanic conglomerate/breccia | phono-tephrite and tephra-
EJ::E%E“E '3{1:{{.5555 ‘_ {/(\;:::\llqscl;lcl)([:‘?ezngnhc;?nh ariql(liléfawseg\lﬁjleﬁfm?ﬁ:mon | gg:lzk ?:?g%pbvggﬂ zgﬁeb\?v(als flj)sred o clinopyroxene with a porphyritic o | Figure 7. Chemical data for samples from the AVP (a) Geochemcial ....... (b) Calc-alkaline....... Ehonolitepcompositionl.a There
T | samples. " ¥ - ?ned[f/rrdmuralecflrait(sl?dser?':ﬁ‘reed)rfrom the texture, typical of a porphyritic - P —————— f . | . | o f | are several samples ranging
o |Jm o AR AR AR AR AR imgage using Geographic basalt. Also, the plagloclase was 3 | CONTRIBUTION 2 ERRE LRI LRI - | between these two magma
l”:l "l . . . . = = | | Information Software to determine usually zoned (oscillatory) with Ca- The petrology and chemistry of the e e o | groups suggesting the
o AWk Ml L L,,t WME Figire 2. Xoray Diffaction naterns analyzed using JADE 8 sofware. 0 ke narounang. rich cores may be indicative of | | ||samples matched previous studiesinthe | .. .. possibility of magma mixing to
S S S 3 B () WPs-D1 dike. (b) WP9-D3 dike. (c) 06-08 clast. (d) WPS breccia. || Figures. Size frequency chart for magma mixing. - | area, providing continued continuity.  Figure 8. X-ray diffraction for samples 09-3-1 sroduce shoshonites and a
SRR, | (] clasts in the image based on GIS. —— S] Bt e S e e e .| Volcaniclastic conglomerates showed igﬁg;%fgleagfgzgsyemg”;%g’o%eggew'ﬁfrt";‘]‘ior'te | |atite.
CONTRIBUTION 3 | CONTRIBUTION 2 | ' Consistency between the X-ray diffraction |  presence of quartz and andesine plagioclase, |
e This project paved the : _ _ _ _ | patterns and the petrology with s matching its dacite classification. Gample 06-08
way for future students , The mlneralogy of the clasts also revealed another piece of information. Most of the cIasts _showed some secondary ' dominating minerals being andesine and | lc:br:?égurr:tge clgtl?]r;ﬁ;ozzrrtreplla;to (Ejso(r)rgr;a]tcev(\j”:;/ s
to work on rocks in the | mineralization by the presence of chrysocolla and goethite. Though unexpected, with additional research of the area, | abra doriteg agioclase and alona with . and plagioclase.
| AVP. The samples and | the chrysocolla can be linked to an abandoned Cu-mine further up into the Absaroka Range. Goéthite is commonly ‘_ quartz Thepvegsicular ava rowsgwere T
. Lot o =
| data from this project | assomated with chrysocoIIa and may represent the o}uter OX|d|zed zone of a porphyry copper dep05|t andesitic to dacitic in composition | Lab- Labradorite And andesine plagiociese
| were used to develop a [ CONTRIBUTION 3 | separating the volcaniclastic rocks.

petrology lab on

| Intermediate volcanic
rocks. Students in

| Petrology found this to
be relevant to their own
| understanding and
brought interest for

| In characterizing the conglomerate as a whole, including
| the matrix, this project found that the volcaniclastic
| conglomerate is clast-supported and that the matrix is
| sand to silt-sized. One distinct observation is that the
| chrysocolla found in the clasts is essentially missing from
| the matrix suggesting that the copper mineralization took

Figure 9. Outcrop location for Wiggins formation in the
- Thorofare Creek Group showmg |ntermed|ate clast 06-03.

: 1 pl rior to the formation of th nglomerates. Al "
‘ A COntanEd . p ace p O O e O atio 0 € Co go cra eS SO’ Lab Lab- Labradorite Sl ?ab—rtl_zabradonte
undergraduate | one sample indicated a lava flow and siltstone instead of
research | Just a siltstone, as expected. Therefore the timing of the
| _ | conglomerates may be determined in the future using
| Isotopic methods.
Figure 3. (a) Twinned pyroxene in mafic clast (06-04A); XPL — 40x. (b) Olivine and chlorite in mafic clast (06-08); PPL & i & o & . SRR SR R T T
— 40x. (c) Compositional of plagioclase phenocryst in intermediate clast (06-03); XPL — 40x. (d) Fine-grained crystalline S e e e O B e o S ST UG RIS " Figure 6. Top left image shows mineralogy and petrology of a clast collected from the
texture of absarokite dike (WP8-D2); XPL — 40x. (e) Chill margin of absarokite/shoshonite dike (WP9-D3); XPL — 40x. (f) RIS e S S ~ volcanoclastic conglomerate in plane-polarized light (PPL). The same image is shown
Plagioclase-rich clasts in breccia matrix (WP1); PPL — 40x. 33 VA VA | | incross-polarized light (XPL) in the upper right. The lower left is at 100x power in PPL
| Y Y - while the lower right is in XPL showing a twinned pyroxene crystal common in N X ; 553 06.08 06.05
_phenocrystsfoundintheAVP. s BERTne: BERTne: BERTne: TS TS R ——— T — e s - 7 - 7 - , - ,
CONCLUSIONS FROMAVP SAMPLE SET S e s G REFERENGES o o . ,
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