
Sedimentology and StratigraphyPRIVATE 


Sample Questions
SECTION I 

1) A sandstone has the following characteristics.


Composition
40% quartz; 30% K-spar; 27% rock fragments (fragments include:  rhyolite(20%); quartz arenite(6%), and limestone(1%)); 2% accessory minerals (biotite, magnetite, and hornblende); 1% illite as matrix; 22% calcite as cement


Fabric

Rhombohedral packing; quartz grains have sutured boundaries


Texture

The mean grain-size is .75 mm with a standard deviation of 2.38 mm (1.25 
phi) and a slight negative skew; quartz-grain roundness values have a 
bimodal distribution, with 50% of all quartz grains having an average 
roundness of 5.5 and the other 50% having an average roundness of 2.5; K-
spar grains and rock fragments have an average roundness between 1 and 3


Other features

K-spar, rock fragments, and accessory minerals are highly degraded 
(chemically broken down); the entire rock is stained a dark red color   

A) Classify this rock according to the McBride (1963) classification scheme.  What is the mineralogic maturity of this sample?  What is the textural maturity of this sample?  

B) Offer a possible historical interpretation for this rock.  Be sure that your answer includes:  discussion of rock types in the source area and geologic/tectonic setting of the source area (provenance), dominate modes of weathering in the source area, transport distance/processes, and diagenesis.  Your discussion should offer a logical explanation for all of the descriptive features listed above, and all such explanations should be consistent with your overall historical interpretation.  For each interpretive point, cite the features which support your argument.  A point that is not supported is pointless! 

2) Bedrock with the following composition undergoes weathering in southeast Missouri (Note:  This is a modestly warm modestly humid temperate environment).


10% Basalt (20% olivine, 40% pyroxene, 30% Ca-feldspar, 10% amphibole);


70% Granite (30% quartz, 40% K-spar, 20% albite, 10% biotite);


20% Arkose (35% quartz, 35% K-spar, 10% albite, 10% basaltic rock 
fragments, 10% calcite cement)

A) Identify the weathering processes which will act upon such bedrock in an environmental setting like that found in southeast Missouri.  Indicate the processes which will be most important.  Support your answer.

B) List the above three rock types in order of increasing stability under Missouri weathering conditions.  Support you answer.

C) Identify the weathering products, and their relative proportions generated by weathering of the above rock sequence in the southern Missouri climate.  Indicate general composition and relative proportions of specific residual/secondary minerals and detrital grains produced.  Indicate the solutes produced by weathering.

3) A floodplain mud deposit 4 m thick in a dry region is composed of clay minerals (smectites) and minor silt, and has abundant iron oxide, carbonate, and gypsum nodules.  Climate change results in establishment of a well-developed and long-standing swamp above the floodplain deposits.  Discuss the likely changes in the floodplain deposit resulting from permanent flooding, and why you would expect them to occur.  How will these muds likely be altered if buried to intermediate depth? (Good one to answer with a flow chart or table).    

4) Estuaries, or flooded river mouths, mark the location where rivers meet the sea.  Local influx of nutrients from the river to marine systems makes estuaries possibly the most biologically productive environment on earth.  When initially unearthed, ancient estuarine deposits tend to be black.  With passing time, however, these deposits commonly develop red streaks and blotches.  Offer a chemically based explain for both the initial black and latter red coloration.  Be thorough, being sure to include discussion of Eh/pH, important minerals/materials, why important minerals/material are there, etc.    

5) A siliciclastic rock has the following characteristics.

65% quartz; 20% albite feldspar; 12% illite (partially chloritized); and 3% pumpellyite.  10% of the rock is pore space filled with 3% silica (as overgrowths) and 7% calcite cement.  Determine as much as you can about the diagenetic history of this sample, paying special attention to sources and causes for each diagenetically added component.  Classify this rock according to McBride.  Classification should be based on the composition of the rock before diagenesis.  Support your classification choice.    

6) A silisiclastic rock has the following characteristics.

20% quartz; 20% albite feldspar; 20% illite, 40% zeolites.  Quartz grains have sutured contacts and overgrowths.  The rock is well cemented with calcite, and stained red.  Determine as much as you can about the diagenetic history of this sample, paying special attention to sources and causes for each diagenetically added component.  Classify according to McBride.  Classification should be based on the composition of the rock before diagenesis.  Support your classification choice.  

7) The provided cumulative curve was produced from sieve analysis of a randomly selected sediment sample.  From observation of the curve alone, comment thoroughly on:  energy of the associated depositional environment and travel distance/reworking of the sample.  Offer evidence supporting each comment.  

8) A thick layer of soil (30m) is accumulating over a basaltic terrain as the mafic bedrock is being weathered in a humid (rain fall >200cm) tropical environment.  The composition of the basaltic bedrock is 50% plagioclase, 20% Fe-olivine, 20% Fe-pyroxene, and 10% amphibole.  Draw a diagram which depicts the likely composition of the soil at various depths in the soil profile.  Be sure that your diagram depicts both the likely minerals and their relative abundance at each depth.  Remember that weathering intensity will decrease with depth.  For each mineral in the basalt, indicate both the solid weathering products resulting from weathering of that mineral and the weathering process facilitating mineral breakdown.

9) Explain why calcite is a more common cementing agent in sandstones than either silica or iron oxide. 

10) A siliciclastic rock has the following characteristics.

65% quartz; 20% albite feldspar; 10% illite (partially chloritized); 3% pumpellyite; and 2% silica cement.  Determine as much as you can about the diagenetic history of this sample, paying special attention to sources and causes for each diagenetically added component.  Classify this rock according to McBride.  Classification should be based on the composition of the rock before diagenesis.  Support your classification choice.  

11) A siliciclastic rock has the following characteristics.

65% quartz; 20% albite feldspar; 12% illite: and 3% olivine.  What hypotheses can you reasonably make regarding the rocks and/or weathering conditions within the source area for the sediments comprising this rock?  Support you hypotheses by stating your reasoning.  (Two or three good and distinct hypotheses would be better than many similar or weak hypotheses.)    

12) Water is forced from a water-logged soil environment to an open marine environment.  The water from the water-logged soil contains the following species:  H2CO3, (SO4)-2, S-2, minor O2, Ca+2, Fe+2.  Identify at least three minerals which could potentially precipitate from the soil water in the new environment in response to the change in environmental conditions.  Explain.  Identify at least two minerals which could have precipitated from in the water-logged soil prior to expulsion, provided evaporative conditions prevailed at that time. 

13) Replacement of hematite with silica is a very rare occurrence.  Under what chemical conditions could such a replacement event proceed.  Indicate a natural or man-made environment which could produce pore waters with 
this/these characteristic(s).

14) Offer a realistic geologic scenario whereby siderite (FeCO3) nodules in a rock could be replaced by Mn Oxides.  It would probably be best to answer this question by stating the change in chemical conditions need to cause this replacement, then stating a geologic scenario which could bring about this chemical change.

15) Offer a geologic scenario that explains how unconsolidated surficial sediment in an active depositional environment could contain both actively growing Mn Oxides and highly corroded (partly dissolved) siderite (FeCO3) nodules.  It would probably be best to answer this question by stating the present and/or past chemical conditions needed for this co-occurrence of minerals, and then demonstrating how these conditions could occur within a realistic geologic setting.

SECTION II

1) You have discovered a small deposit of Fe(OH)3 at a river mouth, within estuarine sediments.  Although altered now, the particles appear to have been in the size range between 10-3mm and 10-6mm at the time of deposition.  Offer an interpretation for the origin of this deposit.  In other words, what events do you think led to deposition of this unit?

2) Coal deposits are often high in sulfur, especially where precursory peat has come in contact with marine waters.  Offer a chemistry-based explanation for this occurrence.  Be complete.

3) A very steep terrain is weathered in a moderately wet temperate environment.  The composition of this terrain is predominantly andesitic [10% Pyroxene (FeMg(SiO3)2); 30% Ca Plagioclase (CaAl2Si2O8); 20% Na Plagioclase (NaAlSi3O8); 30% Amphibole (Fe2Mg5(Si4O11)2(OH)2); and 10% Quartz (SiO2)].  Identify the components of the solute sediment load (by formula) that would appear in the water column of a stream which originates and lies within this terrain.  For each component, indicate:  the important parent source(s) for the component; the weathering processes producing the sedimentary component; the mode of solute transport, and the relative proportions (e.g. lots, a little, etc.) of the component within the stream load.  Be complete.  Be specific.  State which cations/anions/radicals, and which minerals are present (e.g., don't just put cations and anions).  Prepare a short explanation supporting your choices in load type and proportions.  This one would be a good one to answer with a table.  

4) A limestone sample has the following characteristics.


Composition

94% calcite; 5% dolomite; 1% silica; allochems consist of:  20% intraclasts, 
20% ooids, 40% skeletal fragments, and 20% pelloids; microspar does not replace


grains but occupies 80% of the space between the grains.  True spar cement fills 


20% of the pore space of the rock.

Fabric
Intraclasts are all approximately 5mm in diameter, but all other allochems are in the sand size range; sample is grain supported; grain-to-grain contacts are sutured; 


Other features

Vugs developed throughout; vug walls are covered with pendent and meniscus cement, but vug interior is filled with equant cement; some 
isopachous cement directly on surface of some allochem grains; all isopachous cement is highly fractured, and commonly is detached from the framework grains; Local silica replacement of calcite shells

A) Classify this rock according to the Folk (1962) and Dunham (1962) classification schemes.  

B) Offer a possible historical interpretation for this rock.  Be sure that your answer includes discussion of energy conditions during deposition, general biological and physical processes in the depositional environment (e.g. energy conditions, abundance and behavior of organisms, etc.), and diagenesis.  Your discussion should offer a logical explanation for all of the descriptive features listed above, and all such explanations should be consistent with your overall historical interpretation.  For each interpretive point, cite the features which support your argument.  

5) Identify three compositionally distinct non-siliciclastic sedimentary rocks (namely, a precipitated sedimentary mineral given by mineral or rock name as appropriate) which could result from weathering products derived entirely from a dioritic terrain (8% quartz, 40% labradorite, 22%, biotite, 20% hornblende, and 10% augite).  For each identify:  the important parent source(s) for each mineral component in the sedimentary rock; the weathering, or other processes, producing each sedimentary component in the sedimentary rock; and the conditions which must have been in place in both the source area and in the depositional basin for these sedimentary components to form (temperature/moisture in source area, a marine depocenter, etc.).  In other words, thoroughly support each of your three answers.  You may alter environmental conditions (e.g. rainfall, atmosphere, biological activity, depocenter salinity, etc.) as much as you like, as long as you keep it realistic.  You can even call upon a separate set of environmental conditions for production of each of your three rocks if you choose.  You cannot, however, call upon any other source rock than the indicated diorite.  You however may call upon biotic interaction and/or chemical species that are introduced through atmospheric gasses.  (You can go a little over the word limit here if you must, but no more that 400 words.  I’d actually answer as much of this question as I could in table form.)

6) A carbonate rock has the following characteristics.  

50% ooids, 40% skeletal fragments (algae, echinoderms, bivalves, and gastropods), and 10% intraclasts.  About 20% of intraclasts and ooids are altered to microspar, and about 50% of all grains are altered to dolomite.  Average grain size is 2 and standard deviation is .5 .  Most grains have a coating of isopachous aragonite-needle cement that radiates about 20% of the distance into adjacent pore spaces.  The remaining pore space is filled with pendent, equant, and unitaxial cement.  Classify this rock according to Folk.  Determine as much as you can about the depositional environment and diagenetic history of this rock.     

7) A carbonate rock has the following characteristics.  

20% ooids, 80% skeletal fragments (mostly coral fragments, and a few echinoderms, bivalves, and gastropods).  Skeletal fragments are angular to abraded, are poorly sorted, and up to 20 % are over 10cm diameter. Ooids are altered to microspar and pseudospar.  Most grains have a coating of isopachous aragonite-needle cement that radiates about 20% of the distance into adjacent pore spaces.  The remaining pore space is filled with pendent, equant, and unitaxial cement.  Classify this rock according to Folk.  Determine as much as you can about the depositional environment and diagenetic history of this rock.     

8) A vertical core of rocks and unconsolidated sediment from the deep ocean floor (in this case meaning well away from either a continent or higher topography at a mid-ocean ridge) will typically consist of volcanic rocks, overlain by carbonate-rich sediment, and all capped by silicate rich sediment.  Offer an explanation for such a distinct vertical column.

9) Wood is often replaced by silica virtually one cell at a time.  The result is petrified wood that is so well replaced that the original wood grain is often preserved.  Why is wood so susceptible to silica replacement?  Your answer should be chemistry based and complete.  Why is such faithful replacement of wood by calcite rare?

10) A coarse-grained Paleozoic carbonate rock with abundant ooids and coral fragments, no evidence of intensive compaction or pressure solution, no evidence for presence of evaporative minerals at any time, and no cements or dissolution indicative of exposure to fresh waters is found to be about 60% calcite and 40% dolomite.  How could something like this happen?  Offer a realistic scenario for deposition and diagenesis of this rock.

11) The feldspar mineral microcline [K(AlSi3O8)] is chemically weathered in a tropical rain forest.  All weathering products resulting from microcline destruction are incorporated into some form of solution, and none of the weathering products are transported as simple suspended, saltation, or traction load or left behind as residuum.  What is the chemical formula for each of the products in solution (Hint, I count three total.)?  Explain why these are the solutes observed.  Include discussion of the weathering processes acting to produce each component, the mode by which each solute is being transported (e.g., true solution, etc.), and why you think that particular transport mode is being evoked.      

12) A carbonate rock has the following characteristics.  

5% skeletal fragments (algae, gastropods, and forams), 30% pellets; and 65% microspar.  The sample is clotted and is about 10% dolomite.  Classify this rock according to Folk.  Determine as much as you can about the depositional environment and diagenetic history of this rock.   

13) Explain why chert is common in the rock record, yet rarely if ever precipitated directly from sea water.

14) Why is chert replacement of carbonate grains common in the rock record?  Your answer should address both the chemical conditions needed for replacement of calcite with chert, and the conditions required for generation of chert.

15) Phosphorites are typically associated with rocks rich in petroleum.  Why?  Your answer should address both the origins of petroleum and the origins of Phosphorites, and should explain why these conditions could coincide.

16) Many basins (e.g., the Ft. Worth Basin, the Black Warrior Basin, etc.) are prolific gas producers, but may not all produce much oil.  Offer two separate scenarios whereby a sedimentary basin might become a good gas producer while yielding only minor amounts of oil.    

17) Cannel coal burns much faster and hotter than coal of the regular coal series, and has been known to melt a coal stove or two into a puddle on the floor.  Which of the three main coal macerals (vitrinite, inertinite, and liptinite) would you expect to dominate the composition of cannel coals?  Why?

18) Offer an explanation why rocks with 50% or more dolomite are extremely common in ancient carbonate rocks, yet dolomite is rarely observed in modern deposits.

19) A carbonate rock has the following characteristics.  

20% ooids, 30% skeletal fragments (echinoderms, bivalves, and gastropods), and 50% intraclasts.  Skeletal fragments are broken, sorted, and abraded.  20% of the allochems are between 3 and 5 mm in diameter.  Pore spaces between the grains are completely filled by equant and unitaxial cement.  Scattered vugs are formed in the rock that cross cut the equant cement which formed in the pore spaces between the grains.  These vugs are partly filled with equant cement around the vug boundaries, but the remaining void space within the center of the vugs was filled with botryoidal cement.  Classify this rock according to Folk.  Determine as much as you can about the depositional environment and diagenetic history of this rock.     

20) Polyhalite (K2Ca2Mg(SO4) + 2H2O) is an evaporate mineral that often occurs in playa lakes.  Assume that polyhalite is chemically weathered by the process of simple solution.  1) List the solutes that will be produced directly by solution of polyhalite.  2) By what process or processes will each of the solutes tend to be transported (i.e., Frank-Wen cluster, electric double layer, ion exchange, chelation) and in what ionic form (i.e., free ion, hydroxide, complex anion)?  3) Assume that the dissolved constituents of the polyhalite are transported to a nearby playa lake where the water is then evaporated.  Identify five non-siliciclastic minerals that could be theoretically produced in this setting exclusively from the solutes derived from polyhalite and gas components introduced from the atmosphere.  

SECTION III 

1) A broad sheet of water (sheet flow) flows down an alluvial fan.  The flow is 3 cm deep and is moving at a velocity of 33.33 cm/sec.  Determine whether the flow of water in the sheet is laminar or turbulent?  Show your work.  Kinematic viscosity of the water is 0.01 cm2/sec.  (Kinematic viscosity = /; where  = dynamic viscosity, and  = density of the water.)  If the flow is turbulent, determine the slope of the fan at the location of the flow?  Assume that C = 500 cm1/2/sec for the fan surface.  If the flow is laminar, determine whether the flow is in the subcritical or supercritical energy state.  (Acceleration due to gravity (g) = 9.8 m/sec2.)  Show your work in either case.

2) A bed of sandstone is traced laterally across the length of a north/south-oriented outcrop of fluvial in-channel deposits.  The sandstone is planar cross bedded at the south end of the outcrop, trough cross bedded in the middle, and planar laminated with current lineations at the north end.  Grain size averages 0.6 mm throughout the length of the outcrop with insignificant deviation, and the entire bed appears to have been deposited simultaneously.  Offer an explanation for this distribution of sedimentary structures that addresses lateral variability in the parent fluid flow.

3) Identify at least three distinct sedimentary structures which can serve as paleocurrent indicators (i.e., don't just give me three different types of cross bedding).  Explain how each is formed.  What information, regarding flow direction, can be derived form each structure, and how is this information derived?    

4) Look at the Shield's diagram, which is empirically derived and expresses grain entrainment as a function of grain Reynolds number (Reg) vs. shear stress.  Why is more shear stress required on the bed surface to entrain grains at both high Reg and low Reg, and less at intermediate Reg?  Recall that it can be shown that U*=12d/δ; where d = grain diameter, and δ = thickness of the viscus sublayer.       

5) The figure below approximates a channel cross section.  At a maximum flow depth (A) of 2 meters, the average velocity of water in the channel is measured to be 1 m/sec.  What will be the average velocity of water in the channel at a flow depth of 4 meters?  Assume that both the slope and the Chevy's coefficient remain constant in the cross section.  Given that the bedload of this river is dominated by well-sorted sand with an average diameter of .5mm, determine the bedform which will tend to be most stable in the deepest part of the channel at the 2m flow depth.  Similarly, determine which bedform is most stable at the 4m flow depth.  Explain how you derived your answer.

6) A sheet flow .5 meters deep passes down a 0.1 slope(i) on an alluvial fan.  The bed surface on the fan is made up of well-sorted, well-rounded grains with an average diameter of 5 mm.  Will the flow be strong enough to entrain these grains?  Show your work.

Useful information
-Kinematic viscosity() of the water is 0.01 cm2/sec.  (Kinematic viscosity = μ/ρ; where μ = dynamic viscosity, and ρ = density of the water.)  

-Acceleration due to gravity (g) = 9.8 m/sec2.

-Thickness of the laminar sublayer (ξ) = 12μ/(ρ(gRi)1/2)--where R is hydraulic radius

-Reg=12d/ξ--where d is average grain diameter

-Bed shear stress (τ0) = γfRi--where γf is the specific gravity of the fluid 

-Specific gravity (γ) = ρg 

-Density water (ρf) = 1000 kilograms/meter3 

-Density sediment (ρs) = 2600 kilograms/meter3
-Dimensionless viscosity (S*)=((ρs/ρf-1)gD503).5/
7) Water flows down a channel which has a semi-circular cross section and a radius of 2m.  The channel is full (flow depth at channel center is 2m), and the channel has a Chevy's coefficient of C=40m1/2/sec.  What is the minimum slope this channel must have in order for flow in this channel to be considered fully turbulent?  What is the minimum slope this channel must have in order for flow in this channel to be considered supercritical?  Show your work.  Kinematic viscosity of the water is 0.01 cm2/sec.  (Kinematic viscosity = u/ρ; where u = dynamic viscosity, and ρ = density of the water.)  Acceleration due to gravity is g = 9.8 m/sec2.

8) Identify at least three distinct sedimentary structures which can serve as up/down indicators (Distinct means don't just give me three different types of cross bedding.).  Explain how each is formed.  For each, explain why and how that structure reveals which of the two bounding surfaces on a bed is the original top surface. (Why pertains to why does this structure reveal the top or bottom of the bed uniquely, and how pertains to how you would use this structure in the field to determine bed top.)

9) A quartz silt grain (ρ=2.6 g/cm3; diameter=.031 mm) is being transported in suspension by wind.  The wind dies down, allowing the grain to fall a short distance vertically into the center of a flowing stream.  The stream is 2 m wide, 1 m deep, and has a rectangular cross section.  The stream has a slope of .002, and a Chevy's coefficient of C=50 m1/2/sec.  The water has a temperature of 00C, but is not frozen.  Estimate the length of time required for the grain to hit bottom after entering the stream.  Estimate the downstream distance the grain will likely travel from the point of entry before hitting bottom.  Assume that the time need for the grain to reach terminal settling velocity, and the net effect of stream turbulence on settling velocity are both negligible.  Show your work. 

10) Most siliciclastic sandstones that are composed of very coarse sand grains are trough and/or planar cross bedded.  Explain this phenomenon as thoroughly as possible.

11) Although it is sometimes very difficult to discern the primary sedimentary structures in a sedimentary rock, a sedimentary rock that is completely devoid of primary structures (or a massive unit as it is usually called) is very rare.  Offer at least three distinct scenarios through which a sedimentary deposit devoid of primary structures may be formed.  

12) A section of fine-grained siliciclastic sandstone within a channel fill passes upward from planner lamination with current lineations (1m), to trough cross bedding (1m), back to planner lamination with current lineations (1m), and ending with current ripples.  Offer as much information as you can on the hydraulic conditions present in the parent channel based on this information. (Use no more than 250 words.)

13) A dark gray to black shale with minor siderite concretions is characterized by trace fossils of the Nereites Ichnofacies.  Various other lines of evidence, however, confirm that this deposit was actually deposited in a shallow-water marine environment.  Offer an explaination that would reconcile why an otherwise deep-water ichnofacies would occur in these shallow-water deposits.

14) A calcite-cemented, trough-cross-bedded, medium-grain, well-sorted sandstone contains assorted marine body fossils.  Name at least five trace fossil genera you would expect to be likely in this sandstone.  Explain.  
 15) Water flows as a sheet down an alluvial fan.  The fan has a slope of .007, and the flow is .2 meters deep.  A previous flow on the fan was measured at 3.0 m/sec, and was one meter in depth.  The average diameter of sediment grains on the part of the fan over which the flow is traveling is .1 mm.  What bedform is most likely being produced in these sediments by this flow.  Defend your interpretation thoroughly.  (There are a couple of different ways of arriving at the correct answer.  All of them involve some flow equation(s).) 

SECTION IV

1) Describe the lithologic characteristics (e.g. sandstone, shale, etc., with there relative proportions and spatial arrangement, etc.), sedimentary structures (e.g. bed thickness, bed internal structures, bed surface structures, etc.), and trace fauna that are typical of deposits produced in a prodelta environment.  For the biota, thorough means indicate the general characteristics of the trace fossils expected (i.e. dwelling, detrital, grazing, resting) as well as the ichnofacies and key genera. (Use no more than 250 words.  Note that a narrative is not necessary for offering a description.) 

[General note for question 1.  Be able to do the same for any depositional environment.]

2) A fresh, warm-water river carrying a substantial bed load pours into a normal marine ocean basin.  The tide range in the basin is mesotidal, and the wave energy is medium to weak. The basin has a low offshore gradient, and the shoreline was long and straight before the river began to empty at this location.  Draw a map-view sketch of the delta you would expect to see developed as this river continues to empty sediments along this shoreline.  Be sure to label and sketch all pertinent features.  Briefly support your interpretation by explaining why the conditions above will promote development of the features you drew.  You will be graded on both accuracy and completeness.

3) Consider the following shoreline conditions.  A moderately large eastward-flowing mud-dominated river delivers a significant sediment load to the apex of a narrow funnel-shaped bay.  The tidal range for the bay is about 7 m.  Weak prevailing winds blow from the northeast, producing low to moderate waves which strike against the delta in a southwestern direction.  The shelf has a low offshore slope, relative sea level is static, and basin subsidence is minimal.  

A) Draw a sketch depicting, in map view, the most probable configuration of the delta described above.  Draw and clearly label all major depositional features (i.e. be complete) which would typically be associated with a delta shaped by the relative wave, tide, etc. conditions discussed above (Include all major features down to about the level of crevasse splay, including things like delta front, prodelta, etc.).  Be sure to draw delta configurations which are consistent with these wave, tide, fluvial, etc. conditions.  Briefly discuss effects of coastal fluvial, wave- and/or tide-generated currents, water density, and sediment accommodation space on formation of each depositional feature in the delta as it relates to the described setting.  (The best way to answer this question is to annotate your labels with a short (three sentences at most) discussion of effects.  Not all these environments will be particularly different in this or any other delta, and thus will require little discussion (e.g. splays, levees, etc.).  Most depositional features will, however, have differences which will require explanation.)   

B) Draw a graphic vertical section which accurately depicts the vertical stratigraphic section which would be produced by progradation of this delta.  Include lithology, structures, and principle biota within your section.  Sections should be accompanied by a description or a detailed ledgend of features depicted in the graphic section.       

4) A very large braided stream carrying mostly medium sand, as bed load, pours onto the Atlantic continental shelf.  The resultant delta initially fills a narrow funnel-shaped bay, but progrades out onto an open shelf with a very low slope after only a short time.  The tide vs. wave influence on surrounding linear clastic shorelines can best be described as mesotidal.  Draw two annotated sketches, one depicting the delta formed early in the bay, and one depicting the delta formed later on the open shelf.  In your sketches, identify:  distributary channels, major sand bar forms and/or other sand concentrations in the delta region, delta plain, prodelta, bays/lagoons (if any), delta geometry, and delta avulsion characteristics.  Be sure that the nature of each feature sketched in your delta is consistent with the associated setting.  Briefly annotate each feature in both settings, explaining why the feature looks the way you drew it in that particular setting.  Annotations should concentrate on explaining the differences in these features between the two deltas.

5) A rock unit has the following characteristics:  dark-gray to reddish-gray sandy shale; thickly bedded; thinly laminated; local symmetrical ripples; molds of gypsum and halite crystals; rare mudcracks; ichnofossils Thalassinoides and Diplocraterion; local stromatolites; pyrite nodules.  Offer an environmental interpretation for this unit.  Support your interpretation by explaining how each of the characteristics listed above is explained by your interpretation.  You may take about 250 words to answer this question.       

6) Draw two sketches of a prograding alluvial fan, one sketch of the fan in plain view, and one sketch representing a cross section extending from the fan apex to the distal fan end.  Your sketches should highlight and label:  scale and geometry of the fan, major depositional processes and the location where they occur, deposits resultant from these processes and their lateral and vertical arrangement, and grain-size distribution and sedimentary structures in these major deposits.  For each feature you include in this fan, explain why you think that feature would be produced in this fan.  The best way to answer this question is to draw the fan the way you think it would look, then label all the important depositional environments.  Below each label of depositional environment, you can then write a brief annotation which includes description of grain size distribution and sedimentary structures followed by an explanation of why that environment is present on this fan and the processes which produced these structures and grain-size characteristics.  Also, give a reason for the fan geometry observed and labeled.

7) A small, tectonically active uplift rises across the path of a meandering stream.  The meandering stream maintains its course and flows perpendicularly across the axis of the uplift.  What effect(s) will topographic relief developed on this uplift have on sinuosity of the stream on the up-stream side of the uplift axis?  What effect(s) will such topography have on the sinuosity of the stream on the down-stream side of the uplift axis?  Justify your answer.  Include explanation of influences, be they direct of indirect, on flow characteristics of the stream by the active uplift.

8) Describe the lithologic characteristics (e.g. sandstone, shale, etc., and there relative proportion and arrangement), sedimentary structures, and trace fossils) which are typical of deposits produced in a prograding, terrigenus, storm-dominated shelf environment.  You don't need to include the shoreface, but get everything below this level that falls in the shelf environmental setting.  Only general characteristics of trace fossils (e.g. dwelling, etc.) are necessary.  Integrate your description with a sketch which depicts a typical vertical section through such a shelf deposit.

9) A moderately large low-sinuosity meandering river on a high plateau encounters an area with a modest increase in slope which continues for 50 km.  The river then encounters a tributary with a high bed load which increases the amount of gravel load in the stream beyond that which the meandering stream can carry.  50km downstream from the tributary, the river drops for 10km off the plateau over a steep slope where it thereafter encounters a relatively flat basin bottom.  Draw a sketch which depicts and labels the plain-view pattern of the river over each segment of the river.  Annotate this sketch with short statements explaining the river response to each change and why the river made the response you noted.
10) Compare and contrast the sedimentary deposits you would expect from a braided, meandering, and anastomosing river system that are each experiencing relatively rapid aggradation rate compared to sediment supply.
11) Identify up to five distinct features typical of an eolian dune deposit which you could use to distinguish these strata from a typical alluvial fan deposit.  For each, explain briefly why this characteristic would be useful as a distinguisher.  Place emphasis in your explanations on the contrasts in processes between the two depositional units and how these will result in contrasting characteristics. 

12) Prepare a cross section of a typical reef-dominated continental shelf.  Illustrate the primary depositional environments and identify the three features that you feel best distinguish this environment from the other environments on the reef.  How would this deposit differ from a non-rimmed carbonate ramp deposit?  Identify the main reasons why a carbonate ramp may be preferred over a carbonate reef deposit on a particular continental shelf.

13) Over twenty separate glacial ice sheets are known to have covered the northern areas of the U.S. and Canada over the last two million years according to oxygen isotope records.  Yet, only four till sheets from four of these glacial events are preserved in this area.  Offer an explanation for this occurrence.

14) Identify three depositional characteristics that will help you distinguish the deposits of an alpine glacier from the terrestrial deposits of a continental glacier.  Explain why each could prove useful in making such a distinction.

15) Compare and contrast the deposits of a submarine and an alluvial fan.  How are they similar?  How are they different?  

16) Note the diagram below (Figure 10.21 from Boggs 2006).  Explain the current distribution of sediments on the abyssal plain.

17) A north/south-oriented shoreline 100km long and with the open ocean to the east side has the following characteristics.

-Mesotidal conditions

-Relatively straight but with an even distribution of embayments in the continental shoreline that are about 3km deep and about 10km long and constituting about 50% of the coastal length.

-Moderately strong waves with northwest/southeast-oriented crests and a 30m wavelength strike the coast. 

-A meandering river with a mixed mud and sand load began pouring into the shoreline 2000 years ago about 30km from the northern end of the shoreline and has now formed a delta which has a width of about 1/3 of the shoreline length.  This delta has yet to avulse.

-The shoreline north of the delta receives minimal sediment and is largely in a state of erosion.

-The shelf has an offshore gradient of about .001 

A) Draw a sketch depicting, in map view, the most probable configuration of the shoreline described above.  Draw and clearly label all major depositional features (i.e. be complete) which would typically be associated with a shoreline shaped by the relative wave, tide, etc. conditions discussed above (Include all major features down to about the level of crevasse splay, including things like delta front, flood-tidal delta, base of shoreface, etc.).  Be sure to draw a shoreline configuration which is consistent with these wave, tide, fluvial, etc. conditions.  Briefly discuss effects of 1) coastal fluvial, wave- and/or tide-generated currents, 2) water density contrasts, 3) sediment supply, and 4) sediment accommodation space on formation of each depositional feature on the shoreline as it relates to the described setting.  

18) A rock unit has the following characteristics:  a wide 20m thick lens; dark-gray to reddish-gray sandstone; thickly bedded; trough and planar cross laminated with local reactivation surfaces; a few thin beds with symmetrical ripple laminations with common mud drapes on ripple surfaces throughout, and these thin wavy-bedded intervals comprise 10% of the unit; Cruziana ichnofacies; encased in pelagic shale.  Offer an environmental interpretation for this unit.  Support your interpretation by explaining how each of the characteristics listed above is explained by your interpretation.  You may take about 250 words to answer this question.  A table or outline is a legitimate approach to answering this question.   

19) Identify five physical features which submarine and alluvial fans both have in common.  Identify five physical characteristics which can be used to distinguish alluvial and submarine fan deposits.  Plan on offering only a single or two-sentence answer for each of these 10.

