Structural Geology








Folding and complex mesoscopic fabrics:

Geologic Map Problem #3

(E.T.H. Whitten Field Map #3, Sept. 1966)
Introduction

Again you will be using patterns you observe on an outcrop geologic map and stereoplots to study the structures in this real, deformed and metamorphosed belt in the United Kingdom. There are at lest two, and perhaps three episodes of folding recorded on this map.  You will learn how to systematically analyze polyphase folds and complex mesoscopic fabrics by dividing the complexly folded region into simple fabrics domains.  You will also learn how to extract information and piece together the geologic history of a region (with emphasis on its history of deformation).


Perhaps trusting that you’d be able to unravel the history of the region from your careful map and steroplot analysis (you will!), in mapping the area, Tim Whitten has not distinguished different generations of mesofolds in the field.  In general this is not advisable; you should always try to come back from the field with as much information as possible, at least some hypotheses!      


Four different rock units are shown on the map (see the map’s explanation).  Two are highly deformed metasedimentary units: a psammitic schist, which is a British field term for a rock that before deformation and metamorphism was a sandstone, and a pelitic schist, a similar field term for a rock with a “muddy” protolith.  Again, note that these rock bodies are called units, rather than formations, to stress that they probably represent metamorphic, rather than sedimentary, layers.  (Once you color them on the map, you’ll notice how individual layers “pinch and swell” along strike in the boudinaged limbs of the early (FA) folds.)  Other rock units shown on the map are some dikes and an unmetamorphosed sandstone unit.  In contrast to the two schist units, this sandstone is made up of true stratigraphic “layers”.

Exercise
1.  Using colored pencils, color in the different units on the map and on the map’s legend.  As you do so, notice the contacts between these units at individual outcrops.  Keep an eye out for:  the angular discordance present between some of the units, and any map evidence that can help you decipher the geometry and timing of the macrofolds (e.g., look for macrofold closures or noses, straight axial traces of late folds, bent (folded) axial traces of early folds, etc.).  You have more that just the contacts between units to use to identify the folds: also use the strikes and dips of compositional layering.

2.  Interpolate the position of the contacts between the two metasedimentary units on your map.  Also sketch in and label: the bent (folded) axial traces of early FA folds, and straight axial traces of late FB folds (see below).  You may wish to decide to call these F1, F2, F3, etc. later.

Macrofold axial traces:  Find and draw on your map, the points of maximum curvature (hinge points) along the contacts between the metasedimentary units.  Decide which are FA hinges and which are FB hinges.  (The earlier axial traces will be bent, the late ones straight.)  Connecting these dots you will draw the axial traces for the individual FA and FB macrofolds.  Using a protractor, measure and record the trends of these lines, or the straight parts of the bent ones.  Assume that the map’s surface is relatively flat (horizontal). 

3.  Divide the folded metasedimentary rocks on your map up into simple fabric domains (I choose 9, but a few less would probably do) and analyze data from each domain using a stereonet.  (Also treat the sandstone unit separately, and plot the data from it on a separate stereonet.  You’ll see why later.)  Your domains should be small enough so that you have chosen the cylindrical parts of the complex, polyphase folds.  Even if the different generations of S-surfaces have been carefully mapped across an area, this usually means choosing individual limbs and noses of the youngest (FB) macrofolds as your domains.  This way you can study the early folds within the late fold limbs as if the late folds weren’t there, and also the geometry of the late folds themselves (from the “fold nose domains”). Each time you choose a domain ask yourself this questions:  Am I choosing a domain in which I can study a simple fabric?  Have I isolated a fold of just one single generation (FA or FB alone)?  If not, you're not getting it.  Keep trying.  Show and label your domains.  (See the handout entitled: Fold/cleavage mesoscopic fabrics given to you in lecture, and Marshak and Mitra (1988) Chapter 16, for some additional guidelines and rationale.)

4.  On your stereonets, plot all fabric sub-elements domain by domain.  In each domain : (1) plot poles to compositional layering planes and determine -axes, and (2) plot all of the other fabric subelements (i.e., mesofold axes, poles to mesofold axial planes, poles to macrofold axial planes-see below, poles to dikes, etc.).  Use the same “standard” symbols that you used on your stereoplots last week.  Because the orientation of the axes, mesofold axes, will differ from domain to domain, and from fold generation to fold generation, you must identify and keep track of all of this information.  I suggest using an “ij-type” subscript “coding system” to do this, where i=fold phase (e.g., i=A=FA fold phase, i=B=FB fold phase, etc.) and j=domain number, like: ij, apij, etc.

Macrofold axial surfaces (aps):  Using the FA and FB axial traces and statistical fold axes () you determined, domain by domain, determine the orientation (strike/dip/dip direction) of all of the FA and FB macrofold axial surfaces you can.  Plot the poles to these axial surfaces on your steroplots.  

5.  Plot a summary, or synoptic, stereoplot showing all  (except poles to compositional layering) fabric subelements for the entire region (i.e., axes mesofold hingelinespoles to macrofold axial planes, poles to joint surfaces and dikes).  On your summary plot show the regional “average” FA and FB axial surfaces (apA, apB).  There may be two for apA. Label the line of intersection between them as (apA x apB).  

6.  Interpret the geometry and sequence of mesofolding and macrofolding.  Pay particular attention to the “patterns” that the various fold subelements make on your summary stereoplot.  Answer the following questions to guide you.  


•  The oldest hingelines and fold axes (Ax and FA mesofold hingelines) are 
distributed in a partial small circle distribution pattern (cone) about apA x apB.  
Sketch this cone (with apA x apB as its axis) on your stereonet.  Interpret this 
pattern.  



•  The newer macrofold axes and mesofold hingelines (Bx and FB) should be 
distributed in two point clusters.  Why (see Marshak and Mitra, Fig. 16-13)?  What 
does this tell us about the geometry (i.e., interlimb angle) of the earlier FA 
macrofolds?  Is there anywhere you can observe this directly on the map.  If so, 
measure it using your stereonet and compare your results with your interpretation of 
the clusters stereoplot.  


• Observe and state the pattern/relation most of the plotted mesofold axial plane 
(aps) poles have to FB axial plane poles.  Thus what generation are most of these 
mesofolds?


•  You should also observe a distinct “group” of mesofold axes that plot along a 
great circle (-girdle).  Does this great circle coincide with either of the two apA  or 
the apB orientations?  If so, explain why (see Marshak and Mitra, Fig. 16-13).  If 
not, explain how this tells you that a third (FC) phase of folding also likely affected 
the area.  

7.  Outline the geologic history of the region, emphasizing the sequence and geometry of the macrofolds and mesofolds, but also include explanations for the relative timing for “emplacement” of the dikes and sandstone unit.  Give two possible explanations for the contact at the base of the sandstone.  

