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Abstract

The Southern Oklahoma aulacogen is a northwest-trending structure containing abundant igneous rocks representing the remains of a major
Cambirian rift zone. Previous geologists have mapped numerous igneous intrusions in Colorado that follow the same trend, ranging from Ediacaran

Geologic Background

Cambrian igneous rocks in southern Oklahoma and adjacent parts of Texas, mostly
present in the subsurface, define a northwest-trending rift zone extending from the

to Ordovician in age, and have speculated that these intrusions may be a part of the same rift. These intrusions include abundant igneous dikes of ancient continental margin (Hanson et al., 2013; Wall et al., 2021). Numerous Ediacaran to =S -
various compositions that originated from deeper magmatic bodies, filling fracture systems in older igneous rocks and Precambrian gneisses. This Ordovician igneous intrusions ranging from large plutonic intrusions to smaller dikes | Unaweep °°L°7! lil fh,og;gr% Lﬂiﬂﬁofem’
study involves the geochemical analysis of samples we collected from diabase dikes found along that northwest trend in southern Colorado. The occur along the same trend in Colorado, primarily in the Powderhorn District in western |~ d'abased'kegunmson e AN
dikes include a prominent diabase dike swarm in the Gunnison area as well as other individual dikes in the Wet Mountains and Front Range farther Colorado and the Wet Mountains and other parts of the Front Range of the Rockies ;_\/\\ mafic dikes : \'l_‘
east. On the discrimination and REE diagrams, twenty-six representative dike samples from both sample regions plot tightly together, indicating farther east (Figs. 1 and 2). It is possible that all these rocks form a single major rift, where | ," \\\;,\vy%flkgqggscomiplex {
the clustered dikes share a petrogenetic history of E-MORB-type magma that interacted with intercontinental lithosphere. In addition, this cluster North America began to split apart (Larson et al., 1985). This project deals with abundant \f‘\pov;derhom mafic @1 slyenite dikes 1‘
generally plots within the same regions as data from diabase dikes associated with the Southern Oklahoma aulacogen. dikes present in the Gunnison region and the Wet Mountains and parts of the Front ,’“‘“'—-9'5"E{§mﬂ¢i__‘_1_.:;1-,_,&__ ............... — =g
Fifteen samples were taken from generally NW-trending diabase dikes in the Gunnison dike swarm, and these make up the majority of the dike Range farther east (Olson et al., 1977; Pivarunas and Meert, 2019; Magnin et al., 2023). | ! Diobc};\dikes\ , """ “‘:'\"‘}\\ \
samples that cluster together. The remaining eleven samples originate from general NW-trending diabase dikes in other locations across southern We have sampled a range of dikes mapped by previous workers that consist of diabase, I! T\\ i, \\\Arbmkle Mtns\ii
Colorado. Five samples were taken from WNW- to NW-trending diabase dikes in the Wet Mountains. Five samples were taken from NW- to NNW- lamprophyre and what was thought to be trachyte (see unnumbered field photos to lower ; | Wico'ﬁg‘r‘gggﬂ{f outprops 1‘
trending diabase dikes in the Front Range, ~80 km north of the Wet Mountains. One sample was taken from a NW-trending diabase dike in the left and upper right), as well as one much younger basaltic dike, in order to compare it || 25—-%?'002'30'“' e o i |
Unaweep Canyon, ~270 km west-northwest of the Wet Mountains. In addition, a sample was taken from a Cenozoic-age basalt dike for with the older dikes. Associated plutons (Fig. 2) include the Powderhorn Complex, which [N T—— TR S, Caption

comparison with the samples from diabase dikes.

The geochemical similarities between diabase dikes sampled for this study and those within the Southern Oklahoma aulacogen suggest a
linked petrogenetic history. Furthermore, the distribution of these samples raises the intriguing possibility that dikes related to Ediacaran-
Ordovician intraplate magmatism in Colorado may be more extensive than previously thought.

contains dolomitic carbonatite, nepheline syenite, and other alkalic rocks. The McClure
Mountain Complex in the Wet Mountains consists of a layered mafic-ultramafic complex,
syenite, nepheline syenite, and a pyroxene-nepheline rock.

Fig. 1 Map of Colorado indicating the locations of igneous
complexes and dikes thought to be associated with the
Southern Oklahoma aulacogen. Modified from Larson et
al. (1985).

Methods and Sampled Units

We collected samples in Colorado (Fig. 3) during the summers of 2022, 2023, and 2025. These
samples are from diabase dikes in the Royal Gorge, Front Range, and Gunnison area, as well
as alkaline and additional diabase dikes scattered throughout the Wet Mountains region. We
also collected a Cenozoic basalt dike in the Wet Mountains for purposes of comparison with
our other samples. Samples were prepared at TCU and then sent to the GeoAnalytical Lab at
Washington State University. Major and trace elements were analyzed by X-ray fluorescence
spectrometry and inductively coupled plasma-emission mass spectrometry.
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Conclusions

1. The samples fall within the sub-alkaline basalt, alkaline basalt, basanite/nephelinite, and
phonolite fields in Fig. 4. This diagram indicates that the dike samples previously classified as
trachyte dikes by other workers are, in fact, phonolites.

Winchester and Floyd Classification Diagram

We used the Winchester and Floyd (1977) classification diagram for igneous rocks (Fig. 4) because it uses ratios of
highly immobile elements that tend to resist secondary alteration. Most of the diabase samples fall within the e Al o
subalkaline basalt field. However, three diabase samples fall within alkaline fields. Two of these samples fall within oL Sl
the alkaline basalt field, and another sample falls within the basanite/nephelinite field. Another sample (23-12) plots

far to the left of the sub-alkaline basalt field, which matches its erratic behavior in other diagrams. The lamprophyre .

dike samples plot within the alkaline basalt and basanite/nephelinite fields, as does the mafic-rich nepheline syenite

dike. Samples from dikes that were previously classified as red trachytes by other workers plot within the phonolite
field, suggesting these dikes were previously misidentified.
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2. All these rock types are typical of intraplate rift environments. Figs. 5-8 show that the majority
of the diabase dikes plot within fields for tholeiitic, within-plate, continental basaltic magmas.
Figs. 9 and 10 show that the parental magmas of the dikes were E-MORB-type, asthenospheric
melts that interacted with continental lithosphere previously modified by subduction.
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3. The lack of any observable trends in the Harker variation diagrams (Fig. 3) at least partly
reflects the fact that we are plotting samples that have different petrogenetic histories as well as
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e Tinee ) ouslaine bt e the fact that the samples have been altered to various degrees. One diabase sample (23-12)
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'9. 4 Igneous rock classification diagram from Winchester and Floyd (1977) (23-12) shows a very unusual REE pattern. The phonolite dike samples all show well-defined,

negative europium anomalies as well as negative anomalies in barium, strontium, titanium,
indicating the parental magmas underwent prolonged fractional crystallization. The lamprophyre
and mafic-rich nepheline syenite dike samples show very similar REE patterns with pronounced
light REE enrichment and appear to be unrelated to the phonolites.
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Fig. 4 Map of the Royal Gorge region
with arrows indicating where diabase

samples were collected. Modified from
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Fig. 5 Discrimination di&§ram for basalts, Fig. 6 Discrimination diagram for basalts,
from Pearce (1982). from Pearce and Cann (1973).
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Discrimination Plots

Various discrimination plots employing immobile trace elements show most
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Fig. 7 Discrimination diagram for
basalts, from Cabanis and Lecolle
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g o7 gi9-|3 . (1989) of the diabase samples from the Gunnison area and the Wet Mountains/Front 5. The compositions of the Colorado dikes conflict with the dominant rock types in the Southern
Ofegslg'r(; o w2 s o flb'tl - Range falling within the fields for tholeiitic, within-plate, continental basalts Oklahoma aulacogen, which include large volumes of rhyolite and granite. The diabase dikes
United States = \MORS - Norma mic-ocear . E (Figs. 5-8). Samples that plot within the alkaline fields in the Winchester and with E-MORB-type affinities in Colorado are geochemically very similar to diabases in the
B ridge basalt . . . . . . . . . .
Unaweep (Tweet, 1979). [ ovom-mmeanone A Gy Floyd (1977) diagram also tend to fall within alkaline fields in Fig. 8. In Fig. 9, Southern Oklahoma aulacogen (e.g., Eschberger et al., 2014), which could argue for a direct
Canyon: A el basts A':‘tzpe“”‘:;s d 10° L - most of the diabase samples have E-MORB-type affinities. This is consistent connection between the two igneous suites. However, lamprophyres, phonolites, and nepheline
- - E-type an = = . . . . . . . . . . .
25-21 A olettc basls within plate tholeites e . with the results shown in Fig. 10, which indicates the magmas are E-MORB- syenites do not occur in the aulacogen. If the aulacogen does directly continue into Colorado,
. 3~ E-MORS ol basals T T - type, asthenospheric partial melts that interacted with continental lithosphere then it must have had a different petrogenetic history. Isotopic dating is now in progress to
oo P volcanicarcibasalt Y E previously modified by subduction. Three alkaline basalt samples have OIB- determine if there is a direct connection between the two regions.
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T et B - type affinities. The anomalous sample (23-12) continues to behave erratically.
10'2 ] IIIIII| L1 1 IIIII| L1 1 1111l References
Wet Mountains: o ! ™ e 10’ 10’ Nb/Yb 10 10’ Armbrustmacher, T. J., 1979. Replacement and Primary Magmatic Carbonates from the Wet Mountains Area, Fremont and Custer Counties, Colorado: Economic
23-12 15 ' Fig. 8 Discrimination diagram for basalts, Fig. 9 Discrimii  on diagram from Fig.10 Discrimination diagram from Geology, v. 74, p. 888-901.
’ Cabanis, B., Lecolle, M., 1989. Le diagramme La/10-Y/15-Nb/8; un outil pour la discrimination des series volcaniques et la mise en evidence des processus de
25.6 from Meschede (1 986). Wood (1 980). Pearce (2008). melange et/ou de contamination crustale: Comptes Rendus de I'Academie des Sciences, Serie 2, Mecanique, Physique, Chimie, Sciences de I'Univers,
Sciences de la Terre, v. 309, p. 2023-2029.
""""""" . Hanson, R., Puckett, R., Keller, G., Brueseke, M., Bulen, C., Mertzman, S., Finegan, S., McCleery, D. A., 2013. Intraplate magmatism related to opening of the
REE (Rare— Earth Element) Dlag rams southern lapetus Ocean: Cambrian Wichita igneous province in the Southern Oklahoma rift zone: Lithos, v. 174, p. 57-70.
_ . _ . Eschberger, A. M., Hanson, R. E Ruckett, R. E., 2014. Carlton Rhyolite Group and diabase intrusiqns in the East.Timbered Hills, Arbuckle Mountains, in Suneson, N.
\j ) Fig 6 Map of The majorlty Of the GUﬂﬂISOn area and We-t Mounta /Front Range d|abase (ed.), Igneous and Tectonic History of the Southern Oklahoma Aulacogen: Oklahoma Geological Survey Guidebook 38, p. 143-186.
5 oy -7 e sy IR o AT f o 1" ) . . \ . . Larson, E. E., Patterson, P. E., Curtis, G., Drake, R., Mutschler, F. E., 1985. Petrologic, paleomagnetic, and structural evidence of a Paleozoic rift system in Oklahoma,
- [i,'rf' ' } 2 ) ﬁ,;' 2. f'_Hartma_nROCk_Si 7 & the Gunnison SampIeS C|USter ClOSGly together Wlth mOderatel. “ght REE_enrlChed New Mexico, Colorado, and Utah: Geological Society of America Bulletin, v. 96, p.1364-1372.
'_f AR, EKezér Basin L T s -, Jarea of patterns in the upper graph of Flg 11, typlcal of E-I RB—type basalts. The Magnin, B. P, Kuiper, Y. D., Anderson, E., 2023. Ediacaran-Ordovician magmatism and REE mineralization in the Wet Mountains, Colorado, USA; implications for
: : — . f-. B Pl ‘.f-l_" ‘ ﬁ western three alkaline basalt sam |eS ShOW StrOn er || ht R[ enrichment _t ical Of failed continental rifting: Tectonics, Vol. 42, Article e2022TC007674.
Yy is 1 y ooy g PR ¢ e f 2N ) s " & Colorado . p g g yp Meschede, M., 1986. A method of discriminating between different types of mid-ocean basalts and continental tholeiites with the Nb-Zr-Y diagram: Chemical
kak i 45 M s e Ay = S ad Basing e I with sample alkaline magmas. The anomalous sample (23-12) + )»ws an unusual REE Geology, v. 56, p. 207-218.
‘ / € Fork’ ,, A f £ A Prag = ‘:" ' . - I Olson, J. C., Marvin, R. F,, Parker, R. L., Mehnert, H. H., 1977. Age and tectonic setting of lower Paleozoic alkalic and mafic rocks, carbonatites, and thorium veins in
),"’:‘?}.s i’f ;-*:-/ : W“) 4}} 7 ., A1 ~ f/;/[ Igf:atLor]QSOQQ pf\'ggg:lt;h;tkewsear:oler;O;thj)Cvder\tznfjde;;etgeedfowlesl :’]e)hm(a)lf I;Ilgn 1;1/\;|t:]hz south-central Colorado: Journal ?f Res?arch of tklle U. S. C.ieological Surv§y, V. 5,.p. 673-687. | |
) '_,%’_ : %\7 : '},&%t - : : ( OrK, ) p p p y 9 10° = _ 3 K Pearcg,gé. g\dbCann J. R., 1973. Tectonic setting of basic volcanic rocks determined using trace element analysis: Earth and Planetary Science Letters, v. 19, p.
Bk N oA 21 T e , *2" Junpublished flat heavy REE pattern. The negative europium anor.....y indicates fractional - E 0 E E ~300.
;/,,k V ‘b\ ;g; y | data). t ” yt f p t | g Th p tt _ty t th th t d B _ - ] Pearce, J. A., 1982. Trace element characteristics of lavas from destructive plate margins: Andesites: Orogenic andesites and related rocks, p. 525-548.
2 d’f:/ :-.‘:é‘,‘,;,'::f\ ' : 4 p CryS allization from a paren a magma IS _pa ern Clon ra_'S S Wi © trends i i ] P B i Pearce, J. A., 2008. Geochemical fingerprinting of oceanic basalts with applications to ophiolite classification and the search for Archean oceanic crust: Lithos, v. 100,
=1 177 35 of the lamprophyre and mafic-rich nepheline syenite dike samples, all of 3¢ = R . p. 14-48.
/* Dubdls \ ,!‘l WhICh ShOW a mUCh Steeper ||g ht REE_en riChed pattern |n Flg 1 2 the E - . 2 = Pivarunas, A. F., Meert, J., 2019. Protracted magmatism and magnetization around the McClure Mountain alkaline igneous complex: Lithosphere, v. 11, p. 590-602
Y SR I - . . . ' L S [ ] £ - Ruleman, C. A., Bohannon, R. G., Bryant, B., Shroba, R. R., Premo, W. R., 2011. Geologic Map of the Bailey 30’ x 60’ Quadrangle, North-Central Colorado: USGS
" Wome EA Lymr | e diabase dike samples from the Gunnison area and the Wet Mountains/Front ¢ [ ’ 3 1 Scientfic Investigations Map 3166 PoTIIE TP DG PRIy S BT AN, TR e o
#o) pid 4’; Range mOStIy ShOW Similar patterns_ The phonolite d|ke Samples ShOW " E E 5" gun, 'Sll I?).,tl)\l/.IcDJ[g)nough,4\£V. E,311%824C5)hemical and isotopic systematics of oceanic basalts; implications for mantle composition and processes: Geological Society
/ o oo . . . . . . . . - ] pecial Publications, v. 42, p. -345.
Strong r?egatlve anomalleS In barlum’ Strontlum, and tltanlum’_ Su_ggeStlng B 7 Wall, C., Hanson, R., Schmitz, M., Price, J., Donovan, R., Boro, J., Eschberger, A., Toews, C., 2021. Integrating zircon trace-element geochemistry and high-precision
these dikes are the product of pro|onged fractional Crysta|||zat|on_ The 0 10° £ o U-Pb zircon geochronology to resolve the timing and petrogenesis of the late Ediacaran-Cambrian Wichita igneous province, Southern Oklahoma aulacogen,

USA: Geology, v. 49, p. 268-272.

lLa C¢ Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig. 11 REE diagrams of dike samples
normalized to chondrites (Sun and
McDonough, 1989)
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Fig. 12 REE diagram of all dike samples normalized to primitive mantle (Sun and
McDonough, 1989).

phonolite dike samples also show enrichment of many of the incompatible
elements on the left side of the diagram, which is typical of alkaline rocks.
The diabase sample (23-12) is completely anomalous.
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