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Abstract

Preliminary research on a glacial till in the Spring Mountains, Nevada suggests scanning electron microscopy (SEM) of large striated clasts entrained in diamictons may prove useful in defining a glacial origin.  Evaluating whether SEM analysis of clasts from surficial landforms is indeed an applicable technique to define a glacial origin requires a more thorough understanding of the micromorphology of glacial clasts with varying lithologies.

This project proposes to sample and describe a broad range of rock types that have been affected by glaciation to establish the micromorphological characteristics of different lithologies (i.e.- limestone, basalt, quartzite, dolostone, and granite).  Scanning electron microscopy will be employed to investigate the various textures and surface features exhibited by each lithology. The resulting data will be used to evaluate whether a correlation does indeed exist between the micromorphology of clasts and the effects of glaciation.
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BACKGROUND:

Glacial geologists are frequently faced with the task of differentiating between deposits that may or may not have a glacial origin.  These deposits, called diamictons, are composed of non-sorted or poorly sorted unconsolidated sediment that contain clasts of varying particle size.  These deposits can form from a variety of geologic processes such as landslides, mud flows, debris flows, solifluction and turbidity currents. It can often be readily determined if such deposits have a glacial origin, but there are cases when a deposit is poorly preserved, poorly exposed or located in an exotic location and needs further investigation to define its origin.

Geologists employ a variety of methods to define the genesis of diamictons.  These include observing the overall surface morphology of the deposits, studying the sediment associated with the deposit, looking for a fabric, or preferred orientation, associated with the clasts entrained in the sediment and studying the surface of these clasts for clues of glacial activity.  One relatively new technique proposed to infer a glacial origin for certain diamictons focuses on the micromorphology of quartz grains sampled from diamictons.

Literature Summary:
Initial research concerning the micromorphology of tills has primarily focused on individual quartz grains (Mahaney and Kalm, 2000, Mahaney, et al., 1996, Mahaney, 1995, Mahaney and Kalm, 1995, Campbell and Thompson, 1991, Mahaney et al., 1991, Mazullo and Ritter, 1991, and Mahaney et al., 1988).  Surface textures from these quartz grains are used to determine local ice transport vectors, ice thickness, and depositional environment.  Previous research has established that sediment affected by glacial transport and deposition exhibits distinct microtextural characteristics.  However, these microtextures are not isolated to glacially derived quartz grains. While previous research has established the merits of SEM analysis of quartz grains in glacial research, preliminary research suggests SEM analysis of larger clasts entrained in diamictons may prove useful in defining a glacial origin.  Limestone clasts from an ice-contact deposit located in the Spring Mountains, Nevada display microtopographic surface features similar to those seen on quartz grains (Van Hoesen and Orndorff, 2000a and Van Hoesen and Orndorff, 2000b). Further investigation of these clasts with a stereomicroscope and a SEM (scanning electron microscope) has shown they exhibit a surface micromorphology similar to that of glacially derived quartz grains.

Many clasts exhibit surfaces that are strongly polished and contain chatter marks cresentic gouges, and some exhibit small-scale flute topography.  The chatter marks occur individually on the surface of the clast, within the striations, and commonly occur in small lenses of micrite in the limestone.  A variety of distinctive micro-scale features have been identified that are attributed to the effects of glaciation such as: straight grooves, cresentic gouges, arc-shaped steps, curved grooves, conchoidal fractures, and linear steps.

Scope of Study


Samples will be collected throughout the southwestern United States to compare the micromorphology of different clasts exhibiting the effects of glaciation.  Limestone clasts have been sampled and investigated from the Spring Mountains, NV, quartzite clasts have been sampled from Great Basin National Park, striated columnar basalt has been sampled from Devils Postpile National Monument, and this portion of the study hopes to sample granitic cobbles from Yosemite National Park, and dolostone clasts will be collected from the Schell Creek Range, NV.  This study focuses on the southwest because of the excellent preservation of surface textures resulting from the decreased amount physical and chemical weathering in arid climates.

Intended Use of Results

The resulting data and SEM photomicrographs will be submitted to the scientific journal Palaeogeography, Palaeoclimatology, and Palaeoecology.  After acceptance of the submitted manuscript, a web site will be developed that will allow public access to the library of SEM photomicrographs produced by this investigation.
OBJECTIVES/HYPOTHESIS:

Hypothesis

SEM analysis of clasts sampled from diamictons can be used to define a glacial origin based on the surface micromorphology.

Objectives


The goals of this project are to: (1) document the various micro-scale textures and surface features exhibited by glacially affected clasts of differing lithologies, (2) compare and contrast the observed textures and features for each lithology, and (3) establish whether SEM analysis of glacially affected clasts sampled from enigmatic diamictons is an applicable tool to infer a glacial origin.

METHODS:


Fieldwork will involve sampling glaciated clasts of granite from talus collecting below striated bedrock.  Samples will be collected from talus to minimize impact on the National Park. Samples will be preferentially chosen that exhibit: (1) fresh surfaces, (2) a lower percentage of surface of pitting, and (3) preservation of polish and/or striations.  

Laboratory analysis will require:  (1) cutting the collected samples into small 4x4 cm billets with a rock saw, (2) cleaning the samples with petroleum ether to remove oils and impurities, (3) coating the sample with a small layer of gold (for SEM analysis), and (4) characterization of the texture and surface features of the sample using scanning electron microscopy.  

Finally, the micromorphology of each sample will be described, photographed and compared with clasts of different lithologies.

Collections


Approximately five to ten small (3-6 cm) glacially scoured pieces of granite will need to be sampled.  The necessary samples could be collected from one talus slope or from a variety of slopes to minimize the overall impact.  I have sampled glaciated limestone clasts from the Spring Mountains, NV, glaciated clasts of quartzite from Great Basin National Park, and striated basalt from Devils Postpile National Monument.  Additional collecting is required to investigate the effects of glaciation on basaltic clasts and evaluate the merits of using clast micromorphology to define a glacial origin for surficial deposits.

Analysis


SEM photomicrographs will be collected from five distinct rock lithologies (limestone, quartzite, basalt, granite, and dolostone) and the textures and surficial features (i.e. – chatter marks, striations, crushing features, etc) will be described.  The occurrence frequency of each feature will be noted for each lithology and compared with each of the other 4 lithologies.  Finally, statistical histograms will be plotted to visually represent the occurrence frequency for each feature from each of the five lithologies.

 Budget


The only expense involved with this project will be related to the SEM analysis.  Samples will be characterized on site at the University of Nevada, Las Vegas in the Electron Microanalysis and Imaging Laboratory - http:// www.unlv.edu/Colleges/Sciences/Geoscience/EMIL.htm.  Cost is evaluated at approximately $9.00/hour and the expected time necessary to thoroughly investigate each rock type is 20 hours.  Therefore approximately 100 hours of SEM time will be required to complete this project that will cost $900.00.  The analysis will be funded using an existing EPSCOR research grant.

PRODUCTS:

Publications and Reports


The results of this study will be presented at a Geological Society of America Meeting during the spring 2002 and submitted to the journal of Palaeoecology, Palaeoclimatology, and Palaeoecology at the terminus of the spring semester 2002.  Copies of both submissions will be submitted to the National Park Service.

Collections


We ask that the collected specimens be allowed to remain at the University of Nevada, Las Vegas because they will be cut into very small pieces, attached to glass slides, and coated with a thin film of gold.  In essence they will be destroyed and having the prepared samples in situ at UNLV will facilitate returning to samples in question during the review process after submission of the scientific journal manuscript.

Data


In addition to submission of a journal manuscript, a web site will be designed to display the compiled SEM photomicrographs of the various textures and features from each rock lithology.  In both cases any collaborating National Park area will be acknowledged.
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