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resolution stable isotope measurements reveal coherent bl80 cycles up to 10%0. The 
growth rates derived from the isotope time series match those from measurements. These 
data support our hypothesis that isotope cycles can be used to provide chronological 
control in the absence of rings. The ability of trees to record interannual climate variability 
is evaluated using the isotope signal from multiple trees and sites, and meteorological and 
climate field data for well-observed warm ENSO events. 

DYNAMIC DECADE-SCALE VARIABILITY AS MEASURED BY A NETWORK 
OF CORAL ~180 RECORDS ­

T.R.AULT 

Department ofGeosciences, University ofArizona 

The motivation for this study comes from attempting to answer the following 
questions: has the preferred timescale of decadal variability remained stable over time? 
And, has the warming trend during the 19th and 20th century influenced decadal 
variability? To address these inquiries, I used a network of 30 coral b180 records, which 
are proxies for sea surface temperature. Previous work has focused on describing the 
characteristics of the individual time series themselves or using the network to reconstruct 
basin wide sea surface temperature before the instrumental record. Though most corals 
show some type of decadal component, there has been no in depth study examining the 
coherent frequency components across sites. One problem has been that tradition EOF 
analysis fails to isolate the decadal component by including it as part of the interannual (EI 
Nino) or long term trend signals. Other limitations of the data include differing temporal 
resolution, spatial distribution, interval coverage, and proxy sensitivity, both 
geographically and biologically, to different types of decade scale variability. These issues 
need to be resolved before addressing key questions about tropical pacific decade-scale 
variability. 

To address the limitations of the data and answer the above questions, I first generated 
a suit of synthetic sets of time series that have similar characteristics to the proxy data. 
The signal to noise ratio in the synthetic data ranges from an idealized scenario with sIn = 
-90% to pure noise. Since the synthetic sets have variances scaled to the true data, the 
strength of the patterns derived from real records can be compared with two extreme end 
members (very strong signals to noise). 

In the second phase, a number of multivariate signal processing techniques are applied 
to the synthetic and real data. In this phase the goal is to develop the most parsimonious 
description of decadal variability. These methods include EOF analysis, CH-PCA, MTM­
SVD, M-SSA, and wavelet-SVD. Uncertainties associated with each method are 
discussed, with MTM-SVD presented as the most reliable measure of decade scale 
variability. 
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SESSION 7: STRUCTURE & TECTONICS 

A WINDOW INTO THE CRYSTALLINE CRUST OF CENTRAL TIBET: 
GEOCHRONOLOGY AND COMPOSITION OF THE AMDO GNEISSES 

JEROME GUYNN, PAUL KAPP, ALEX PULLEN and GEORGE GEHRELS 

Department ofGeosciences, University ofArizona -
Gneisses exposed in the Amdo area in central Tibet represent the only known 

occurrence of basement rocks in the main part of the Tibetan plateau and are therefore an 
important window into the nature of the Tibetan crust and the pre-Asian origin of the 
Gondwanan terranes that make up southern Tibet. The majority of rocks exposed in the 
plateau are Phanerozoic sedimentary and igneous rocks that do not reflect the Precambrian 
history of the terranes that make up Tibet. We have conducted U-Pb, geochemical and 
isotopic analysis on the Amdo gneisses in order to constrain their origin and composition. 
The majority of the basement is composed of well-foliated orthogneisses, with minor 
garnet amphibolites, paragneisses and migmatites. U-Pb geochronology reveals a bimodal 
distribution of ages, Cambrian (500-550 Ma) and earliest Late-Proterozoic (850-900 Ma). 
The later ages are similar to orthogneiss ages seen in the Himalaya and may be related to 
late Pan-African orogenesis along the margins of Gondwana; this age range is also 
common in detrital zircon populations from Himalayan and Tibetan Paleozoic 
sedimentary rocks. The earlier ages are more enigmatic and may be a good point for tying 
the Lhasa-Qiangtang terranes to Gondwanan continents. Initial Nd and Sr isotopic data 
(eNd: -2 to -7 and 87Sr/86Sr: 0.71 to 0.725) indicates a mix of mature crust and juvenile 
material, suggesting a continental arc source, similar to Cenozoic granitoids of the 
Nyainquentanglha Shan in southern Tibet. The Nd model ages suggest a Proterozoic age 
for crustal formation, which is consistent with a lack of Archean ages in Tibetan Paleozoic 
detrital zircon distributions. Major and trace element data reveal a relatively wide range 
of petrogenesis processes. 
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EARLY CENEZOIC DEFORMATION OF THE NORTHERN
 
NYAINQENTANGLHA-SHAN OF THE LHASA TERRANE, SOUTHERN TIBET:
 

INSIGHT INTO THE GANDESE RETRO-ARC FOLD-THRUST BELT
 

ALEXANDER PULLEN I , PAUL KAPp l
, GEORGE GEHRELS I, PETER DECELLES I, 

EDWIN BROWN, MATHEW FABIJANIC2
, DING LIN3 

(1) Department ofGeosciences, University ofArizona 
(2) Exxon Mobil Corporation 

(3) Institute ofTibetan Plateau Research and Institute ofGeology and Geophysics, ­
Chinese Academy ofSciences 

The metaclastic rocks of the northern Nyainqentanglha (NQTL) of southern Tibet 
record early Tertiary (",,50 Ma) N-S contraction along the Damxung, Lagen La and 
Southern Nam Co thrust systems. This contraction is located north of the Cretaceous­
early Tertiary Gangdese batholith and is therefore likely related to a retro-arc fold-thrust 
belt system. U-Pb dating of detrital zircons from Damxung thrust footwall subgreenschist 
to greenschist rocks reveal Eocene age zircons buried by Permian-Carboniferous 
hangingwall rocks prior to the onset of Oligocene-mid-Miocene E-W extension and 
exhumation. Damxung thrust footwall metaclastic rocks thrust northward and Cretaceous 
(Aptian-Albian) limestone thrust southward along the Lagen La and Southern Nam Co 
thrusts respectively, forming a triangular depositional zone in which the Lagen La 
synorogenic conglomerate was deposited. U-Th-Pb dating of monazite and preliminary 
geothermobarometry of a low-mid amphibolite grade grt-bio-sill schist exposed in the 
footwall of the Damxung thrust indicate metamorphic conditions of ",,595°C at 3.9-4.3 
kbar during Permian-Triassic time and is likely associated with the Lhasa terrane rifting 
from Gondwana. 

PROVENANCE CONTRASTS REVEALED BY THE U-Ph POPULATIONS OF
 
DETRITAL CHINLE SANDSTONES OF THE FOUR CONERS REGION,
 

SOUTHWEST US
 

JENNIFER D. FOX, KELLY N, STAIR, CARL E. ANDERSON, AND WILLIAM R.
 
DICKINSON
 

Department of Geosciences, University ofArizona 

Detrital zircons (DZ) were sampled from five fluvial sandstone units of the Upper 
Triassic Chinle Group in the Four Comers region of the Colorado Plateau: Karnian lower 
Chinle (Shinarump) near Cameron (NW AZ) and Sanders (NE AZ), and Norian upper 
Chinle on the Defiance Plateau (Sonsela of NE AZ), in the Chama basin (Poleo of NW 
NM), and near Elk Ridge (Moss Back of SE UT). Shinarump and Sonsela in Arizona were 
deposited by streams flowing north, whereas Poleo and Moss Back farther north were 
deposited by northwesterly flow. U-Pb ages were determined for 500 individual DZ grains 
("" 100 per sample) by laser ablation ICPMS using a beam diameter of 35 microns. 
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Analytical data were filtered to exclude DZ grains with >20% age discordance or poor 
precision, leaving 448 reliably dated grains. The DZ grains range dominantly from 210 
Ma to ~ 1800 Ma, with a few older Paleoproterozoic and Archean grains present in all 
except Cameron Shinarump. A prominent Permian-Triassic age spike of 225-295 Ma in 
southern samples may reflect derivation of detritus in part from the coeval Cordilleran arc 
assemblage, although the older (>245 Ma) fraction of that age population was probably 
derived instead from the Gondwanan East Mexico arc (232-284 Ma). 
Penecontemporaneous grains of arc derivation are present only in Cameron Shinarump 
(~220 Ma) and Sonsela (~21O Ma) samples. Abundant Paleozoic-Panafrican (300-950 
Ma) grains in northern samples were probably reworked from the Ouachita orogen, but are ­
less abundant in southern samples. Grains of Grenville age (950-1350 Ma) in most 
samples were probably recycled from older sedimentary successions, but are nearly absent 
from the Cameron Shinarump sample. Southern samples contain numerous 1400-1800 Ma 
grains derived from basement rocks of southwest Laurentia, but that age population is less 
abundant in northern samples. The DZ age pattern implies that southern samples were 
derived mainly from exposed basement and arc assemblages lying south of the Colorado 
Plateau, whereas detritus in northern samples were fed mainly from eastern headwaters 
flanking the Ouachita orogen. The DZ age spectra for Moss Back and Poleo are closely 
comparable to those for coeval Trujillo Formation (Chinle-Dockum Group) exposed 
farther east and closer to the Ouachita orogen on the High Plains of northeast New Mexico 
and northwest Texas. 

PRELIMINARY STRUCTURAL AND KINEMATIC ANALYSIS OF LATE
 
CRETACEOUS-EARLY TERTIARY SHORTENING IN THE GALIURO
 

MOUNTAINS, SOUTHEASTERN ARIZONA
 

ROSS WALDRIP and PAUL KAPP 

Department ofGeosciences, University ofArizona 

Late Cretaceous contractional deformation in Arizona is one of the most poorly 
understood segments of the North American Cordilleran fold-thrust belt. The style, 
geometry and dominant vergence direction is not well documented. This is due in large 
part to disruption by mid-Tertiary extension and denudation. In an effort to better 
constrain this key orogenic period in AZ, a detailed structural and kinematic analysis of 
Cretaceous aged contractional features is under way. 

Late Cretaceous - early Tertiary (?) thrust faults are well exposed to both the east and 
west of the San Pedro Trough (SPT). Structural and kinematic analysis of Late 
Cretaceous aged thrust relationships on the west side of the Galiuro Mountains in Hot 
Springs and Kelsey Canyons indicates a dominant vergence direction to the NE. In 
addition, ductile imprinting of Cretaceous shear indicators is seen in the hangingwall 
Proterozoic schist of this thrust system, indicating these thrust were rooted in the mid crust 
and were likely large magnitude features capable of significant crustal shortening. 
These observations raise the possibility for field evidence in support of a thickened crustal 
welt of Late Cretaceous age, a prediction of models where gravitational instability drives 
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subsequent extensional collapse as seen in southern Arizona during the mid Tertiary. 
Additional work is required to constrain the style of deformation and geometry of 
Cretaceous shortening in southern Arizona, but these initial results begin building a 
framework toward understanding Late Cretaceous-Early Tertiary contractional 
deformation in southern Arizona. 

METAMORPHIC CONSTRAINTS ON THE TECTONICS OF THE MESOZOIC
 
BANGONG SUTURE, CENTRAL TIBET
 -

JEROME GUYNN and PAUL KAPP 

Department ofGeosciences, University ofArizona 

The Amdo basement is a large exposure of gneisses, metasediments and intruding 
granitoids located along the Mesozoic Bangong suture zone in central Tibet. The 
basement rocks allow thermochronology and thermobarometry that provides detailed 
information regarding the tectonic history of the Bangong suture zone. Our 
thermochronologic and geochronologic studies have shown that the basement rocks record 
high-grade metamorphism, coeval with magmatism, related to closure of the Bangong 
ocean between the Lhasa and Qiangtang terranes from the Late Jurassic to the Early 
Cretaceous. The nature of this metamorphism is somewhat enigmatic, as it appears to pre­
date collision and many of the tectonic contacts related to this event are obscured by more 
recent tectonics and basin fill. Petrologic assemblages in metapelites, including the 
occurrence of sillimanite and K-feldspar, and geothermometry of the gneisses reveal high­
grade metamorphism in the upper-amphibolite facies across the entire basement, with 
temperatures in the range 700-800°C. The only exception is the occurrence of lower­
amphibolite facies metapelitic assemblages along the southern edge of the basement, 
which supports southward thrusting of the basement. Elucidation of burial depth during 
metamorphism is more difficult to constrain due to the complicated zoning of garnet and 
retrograde metamorphic reactions involving garnet. Preliminary data based on the GASP 
geobarometer and on equilibria involving titanite-anorthite-epidote-rutile-quartz suggest 
pressures on the order of,...,10 kbar. Combined with thermochronologic data and the 
coeval magmatism, we attribute the metamorphism and magmatism due to underthrusting 
of the Amdo basement into the arc associated with the Bangong subduction zone. Our 
preferred interpretation is that the Amdo basement may have been a small, rifted piece of 
the Qiangtang terrane that than re-attached in a collision in the middle Jurassic, likely 
resulting in a clock-wise P-T path where the heat of magmatism helped heat the Amdo 
basement to upper-amphibolite conditions. The actual Lhasa-Qiangtang collision did not 
occur until the Early Cretaceous, when the Amdo basement was exhumed from mid- to 
upper-crustalleve1s. 
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CALIBRATION AND INTERPRETATION OF THE OXYGEN ISOTOPE
 
RECORD FROM ZADA BAIN, SW TIBET
 

JOEL SAYLOR
 

Department ofGeosciences, University ofArizona 

Oxygen isotope analysis has recently emerged as a popular tool in establishing paleo­
elevations. However, research since the middle of the 20th century has noted that the 0 
isotope of precipitation value varies as a function of temperature of source region, 0 ­
isotope composition of the source region, condensation temperature, precipitation 
temperature, latitude, continentality, monthly precipitation (the amount effect), fall 
distance, evaporation during fall and altitude (e.g.: Dansgaard, 1954; Dansgaard, 1964; 
Drever, 1997; Poage and Chamberlain, 2001; Rowley et. aI., 2001). Groundwater is 
further complicated by evaporation and possible interaction with 0 bearing compounds in 
the substrate. In order for 0 isotopes to be effectively used to estimate paleo-elevation the 
multiplicity of factors that can influence the 0 isotopic composition of surface water must 
be accounted for. The results of this calibration study of the stable isotopic composition of 
modem water and ancient gastropods from the Zada basin indicate that moisture is from 
the same source and took the same pathway as water sampled by Garzione et. aI. (2000b) 
and it is, therefore, reasonable to use their relationship to understand modem water in this 
area. Modem water from the Zada basin behaves consistently with predictions based on 
the 0 180 vs. elevation relationship established by Garzione et. aI. (2000b). Onset of 
sedimentation was probably mid-Miocene (possibly before 10-11 Ma). The initiation of 
the Asian monsoon by 10.7 Ma means that we can reliably use the modem relationships 
and understanding of those relationships to interpret the stable isotope record from the 
Zada basin fill. The stratigraphically lowest values are also the most negative and are 
consistent with predictions for precipitation at high elevations. They are more negative, 
even, than modem water from the Zada basin. The fact that water that was stagnant at all 
(either marshy intervals or lacustrine intervals) is enriched shows that the climate was 
extremely arid throughout sedimentation in the basin. With regards to climate and 
elevation Zada basin looked much the same in the late Miocene as it does now. 
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University ofArizona Campus
 
Student Union 

-


Gould-Simpson 

Student Union: 3rd Floor (2nd floor from ground) 
Talks will be in Ballroom A (North Ballroom) 
Posters & coffee will be in the Catalina room 
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GEoDAZE PARTY 
Friday, 4/7/06, 7:00 to 10:00 pm 

"Y:i,HOOr;;> 

,;,j-'. 
't\ C.'\t..., E e.m'lnn~ Col'''.'. 

-

+,. . 

... ,IIA' 
~ .,~,;; '" ...,....."'d 
II . / "Oi, '" \I 4. 

,,' ....~?A, " . "'_" •. ,A,.", ......" 
'-9>:>).;i ' 

Qn
 

.t 1,; f 
'0'
 

.- fJ
(J'",;:: " 

.JI// ~.'.~/i 
'-Yc ' - " ,$" ~iQ1 J:/ 

~ ',f'1<,"',//'" t;) .' e .i/ co ~..
~'/ " .>ff. /,. 

, ~',

't~"):/ '~""'"\ .,.. +f~j i~'&,.'.'\, t. &', . 
>,,,_ ""<-0•. i/ __ ~ ~_/ ,,:

" '9,/ _Q 0 // 

....liF· ...r '. .... ,':­o "'...­
/' ~,/ ,..~fII/. ',f'.-,;, """ t 4:"" 

~f.i {'!;ti,f,·'.· '."~~" • !D~'on..'. .' .'. "i. ;''. + . ,.'J<'" .... , 
! ',;:? ~... ~ ,'" 

...i(/;":/ ..~;;!!:>!i// 
} }~»~> 

rf.tZtXl! NNTEQ 

Directions from the Student Union 
1. Start out going EAST on SPEEDWAY BLVD 
2. Turn LEFT onto N. CAMPBELL AVE 
3. Turn RIGHT onto E. RIVER RD (see map above) 
4. Turn LEFT onto N. CAMINO REAL; go 0.8 mi. 
5. Turn LEFT onto N. CALLE ANGOSTA 
6. End on LEFT at 4925 N. Camino Real 

Approximately 6.5 miles, about 15 mintues 
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