Week 2 -January 14, 2014
The Environmental-archaeology approach:
- archaeology as human ecology:

- assumed different approach to the archaeological record:


- traditional view:



- arch. record = preserved anthropogenic impacts on physical 



world: e.g. artifacts, features, sites, regions



- situated in background context of natural environment:




- generally reconstructed only as a list of ecofactual remains




-largely seen as external/ancillary to archaeological record



- environmental- archaeology perspective:




- archaeological record - product of all past processes:





- includes effects of human behaviour





- also physical environmental processes





- animal/plant community processes





*** as well as interactions between them
Doing Environmental Archaeology
- 3 foci of investigation:

- human paleoecology: reconstruction of interactions between humans and 

their past environments


- core goal of environmental archaeology:



- e.g. reconstruction of past (paleo) human ecology



- in order to understand both: 




- culture/behaviour of past human populations




- reconstruct nature of past environments/human impact on 




them


- investigation not limited to ecological questions:



- given interactions between all elements of ecological system



- applicable - broad range fundamental archaeological questions:




- e.g. subsistence pattern, resource acquisition strategy, 




technology




- reaction to resource variability/change (e.g. domestication)




- nutrition, heath, sanitation (archaeoparisatology/





archaeoentomology)




- settlement patterns, exchange, development of social 




complexity

- paleoenvironmental reconstruction


- reconstructing the components of past ecosystems (components include 


biological and physical)



- the physical environment:




- geomorphological features/evolution of landscapes




- ocean levels (18k years ago - world was at its coldest, thus 




ocean levels were lower >> larger proportion of water 





becomes trapped in glaciers)




- climate 



- Biota (anima/plant populations):




- species present, morphological traits  (e.g. Pleistocene 




animals)




- distribution of populations, structure


- prerequisite for reconstructing human paleoecology:



- e.g. must understand components of past environments



- in order to reconstruct the interactions between them

- site ecology (taphonomy)


- analog of paleoecology:



- interaction between - archaeological deposit and environment




- e.g. experiences through time of archaeological deposit




- that have an impact on the nature of the record


- includes both formation/transformation processes:



- formation - mechanisms by which deposit was generated



- transformation (taphonomy) - events that alter deposit from 




formation to recovery


- partly question of data integrity:




- before deposits can be used to reconstruct past ecologies



- must understand nature of data set



- example:




- formation processes:





- problem is one of equfinality:






- e.g. deposit with given characteristics






- could be generated by many different 







sequences of processes






- each may have an impact on value of deposit 






for analysis





- e.g. transformation processes (taphonomy):






- many filters selectively delete components of 






deposit






- must understand this in order to analyze 






deposit


- also - product of environmental-archaeology approach:



- e.g. environmental archaeology views record as product:




- interaction: human activity/environmental processes



- these processes continue - during/after deposition:




- e.g. animal scavenging, human reuse, natural erosion/




reburial



- adequate understanding of archaeological deposit:




- means reconstructing ecological events follow human 




occupation
- Organizing the variables:

- ecologies are highly complex:


- large number of variables


- compounded by mutual interaction between variables

- variables must be organized to make sense of them

- Can organize variables By Type - Fundamentally two:


- external variables:



- change spontaneously - not influenced by other variables



- generally events - occur on a very large (planetary) scale



- may involve long time periods - sometimes cyclical



- impact many other systems - establish ecological parameters



- e.g. - plate tectonics (external variable):




- results in long-term change in latitude of environments




- may change oceanic currents/global climate




- may generate changes in topography




- alter rainfall/drainage patterns


- internal variables:



- system variables (part of the culture and environment)



- highly intertwined - other variables of ecological system




- e.g. influence other variables




- simultaneously influenced by them



- hard to understand in terms of cause/effect:




- best modelled using systems approach:





- e.g. complex set of interacting elements





- constantly changing through mutual influence




- vary wide in scale:





- may effect other variables regardless of scale



- identified as spheres of the Earth:




- e.g. Atmosphere:





- environmental processes involving gasses and 





aerosols





- include major mechanisms of climate






- e.g. average air temperature






- norms of barometric pressure






- patterns of atmospheric circulation (direction/






velocity)





- also involve variables determining atmospheric 





particulate matter






- e.g. water vapour, dust, volcanic ash, 







pollution





- notice - involve patterns of events (not individual 





instances):






- influenced by external variables - e.g. solar 






radiation (insulation), tectonics






- highly interconnected with other spheres 






(internal variables - e.g. water,plants, etc.)




- e.g. Lithosphere (geosphere):





- mechanisms surrounding rocks, sediments, soils





- certainly involves geological processes:






- geomorphological events - formation/







modification - landscape features






- sedimentary processes:








- e.g. erosion, transport, deposition, 







modification - of rocky crust





- heavily intertwined with other physical spheres:






- e.g. movement of wind, water, ice





- also depends on biological processes:






- e.g. modification of inorganic deposits by 






living organisms






- e.g. transformation of sediment into soil




- e.g. Hydrosphere





- participation of water in ecological systems





- highly intertwined with other internal variables:






- water has important impact on lithosphere:







- defines its limits - e.g. continental 







shorelines







- oceans, rivers, lakes - powerful 








determinants of geomorphology






- participates with atmosphere - determine 






climate:







- e.g. moisture (water vapour/rain); 







temperature (currents, cloud, albedo)






- interacts with living organisms:







- fundamental resource for all life - 







important constraint




- e.g. Cryosphere:





- ecological processes involving bodies of ice.






- influenced by external variables:







- e.g. tectonic processes (latitude), solar 






radiation






- important interactions with other internal 






spheres:







- major contributor to geomorphological 







alteration







- highly intertwined with hydrosphere (as 






temp. drops,hydrosphere turns into 







cryosphere and vice versa)







- important influence on climate:








- strong albedo effect (once ice 








begins to expand >> strong 








feedback effect)




- e.g.Biosphere:





- variables involving living populations






- highly intertwined with all other processes:







- external variables provide underlying 







conditions







- other spheres represent opportunity/







constraint - biological processes







- biological events -influence other 







mechanisms


- Organized based on scale analysis:



- Megascale perspective:




- processes which have impact at a global level




- change over immense periods 10^6 years (millions)




- involve major changes to climate ofEarth/evolution of life




- archaeologically:





- generally provide underlying conditions for human 





experience






- can have direct interaction with humans - during 





time of change






- e.g. Pleistocene/Holocene transition






- saw significant changes to global climate - 






warming/deglaciation






- may have precipitated changes to human 






subsistence/culture







- e.g. corresponds to transition Upper 







Palaeolithic/Mesolithic/Neolithic



- Macroscale perspective:




- processes which determine environments at continental 




level




- occur over 10^5 years (100k)




- driven by lithospheric processes - continental/oceanic 




formation




- determine context for archaeological events





- e.g. major geological/biotic zones



- Mesoscale perspective:




- study variables involved in regional environments 





(valley, city)




- vary over 10^2-10^3 years (hundreds-thousands)




- most obvious source - influences on human adaptive 




strategies




- largest scale - human impact on environment likely 





measurable



- Microscale perspective:




- investigation of environmental variables at local level:





- e.g. site, cave, house, activity area




- occur over decades - centuries




- represent traditional use of environmental reconstruction:





- e.g. as environmental setting for human activity

- organizing variables:


- scale chosen for analysis depends on:



- goals of the investigation



- analytic techniques



- nature of data sets


- e.g. in lithospheric analysis:



- given nature of data - most successful - micro/macroscale level



- e.g. microscale (reconstruction - site/local landforms):




- scale permits identification - all features of ancient 





landscape





- sampling strategy can be derived - to describe each




- character of features establishes climate (moisture, 





temperature)




- result - understanding - landscape before/during/after 




occupation



- at macroscale - manageable focus - only on very large features



- at mesoscale level (regions) - too many variables to control
- Numerous challenges - environmental arch.:

- Complexity:


- number of variables/interconnections - complex systems


- theoretical models must accommodate complexity



- unlikely to permit linear cause/effect explanations



- require general systems-theory approach (takes into consideration 


a series of variable each in which influential for each variable)


- complexity must be reflected in interpretative results:



- e.g. Archaeological interpretations likely to be oversimplified



- must be highly conservative:




- e.g. based on very high standards of rigor



- must be limited in scope:




- e.g. delimited in time/space - to avoid problem of 





generalization



- interpretations confirmed by independent lines of analysis


- Sampling:



- hard - design strategy representative of diverse contexts:




- e.g. samples must be numerous enough to compare 




contexts




- well designed to address variability in each context



- addressed in part by identifying scale of interest:




- cannot design a sampling strategy for all questions




- decide on resolution of data needed before designing a 




sample


- Chronology:



- good control over dates of archaeological deposit critical:




- high resolution required to reconstruct ecological 





interaction




- complicated by need to incorporate off-site data sets

- Multidisciplinary in nature:


- by necessity environmental archaeologists must specialize



- investigations involve collaboration - many specialists


- can result in competing models/assumptions


- requires careful coordination by project director
- Well developed theoretical toolkit: 

- the Uniformitarian Assumption:


- expectation is:



- natural laws of the present - functioned in the same way in past

- doesn't mean past was like present:


- given the number of variables involved


- extremely unlikely - any two points produce identical ecologies

- does mean same fundamental principles apply:


- e.g. if we understand how components of a system interact today


- reasonable to assume same interactions characterized past


- e.g. past climate modelling

- Analogy:


- extensions of uniformitarian assumption:



- e.g. if underlying natural laws haven't changed



- should be true - modern ecologies can be used - models of past


- Problems:



- equifinality -  same result - may be product diverse systems



- each ecology is unique:




- number/complexity - variables - constellations unlikely 




repeated




- even cyclical systems unlikely to align same way more than 



once


- Possible to use analogy to inform hypotheses



- e.g. pattern of modern system may imply past relationships





- these must be tested using data from archaeological record

- Correlation:


- covariation of phenomena time/space - suggests related:



- e.g. if one phenomenon predicts another



- significantly more regularly than can be explained by chance



- probably true - relationship between phenomena


- cautions:



- interference of coincidence:




- extraordinary co-occurrences may be unrelated



- confusion of correlations with causality (not the same thing):




- statistical identification of a correlation - does not identify 




cause




- to identify cause - must carefully investigate links between 




phenomena

- Correspondence:


- interconnected nature of ecologies means:



- often possible to reconstruct same component of environment



- using multiple approaches



- e.g. climate reconstruction through: sediment, pollen, fauna


- allows comparative control over results:



- e.g.Complementary results - suggest support for conclusion



- conflicting results - requires investigation of difference

- Proxy Data:


- use of indirect data to reconstruct aspects of past ecology



- e.g. many components of past ecologies - no direct evidence



- may still be reconstructed given impact on other spheres


- e.g. Climate



- temperature, rainfall, wind speed - of past - no longer observable



- still reconstruct these variables based on effect on other variables




- sediments, animal/plant remains
- Potential of Environmental Archaeology:

- Archaeological understanding of past is a goal by itself

- Comparative perspective is unique:


- provides access to questions about human experience:



- e.g. How do cultures interact with environment?



- Human strategies for variability/scarcity/change


- provides historical illustration of ecological interactions:



- e.g. illustrates interaction between natural variables



- how environments have changed in response to humans

- Provides lessons for present:


- Unlike most archaeological sub-disciplines,


- has application to modern questions - human relationship to environment
GEOARCHAEOLOGY: Archaeology and the Physical Environment
What is Geoarchaeology?
- application of the techniques of the Earth Sciences,
- to inform archaeological investigation
What are the Earth Sciences?
- Sciences related to Earth's physical spheres:

- e.g. Sciences of the Lithosphere:


- the sub-disciplines of Geology:



- Petrology: study of rocks and minerals>(building blocks of rocks)
 


- Geomorphology: study of landforms



- Sedimentology: study of sediments



- Stratigraphy: study of sedimentary layering


- Geochemistry - study of chemical traits of geological formations


- Geophysics - variable physical properties of subsurface features


- Soil Science (Pedology) - soil studied in natural environment

- e.g. Sciences of the Hydrosphere:


- Hydrology - study of movement of water

- Sciences of the Atmosphere:


- Climatology - study of patterns of atmospheric characteristics

- Sciences of the Cryosphere:


- Glaciology - glaciation and effects of landscape
Petrology
- a sub-discipline of geology
- study of rocks and minerals

- where - minerals (geological equivalent of elements):


- e.g. Geologically produced solids - unique in chemical composition


- homogeneous in nature - highly ordered construction (crystalline)


- exhibit distinct physical properties - crystal shape, colour hardness 


(quartz, feldspar, mica) 

- rocks - aggregates (combinations) - some number of minerals:


- may also combine other inclusions - organic material/mineraloids

- type of mineral/rock will depend on chemical components:


- given minerals only occur where ingredients are present

- also depends on formation process:


- igneous minerals/rocks - produced by volcanic activity


- sedimentary minerals/rocks - generated by depositional events


- metamorphic minerals/rocks - modified - temperature or pressure (e.g. 


marble, which is a product of limestone)
- goal of petrology 

- geological perspective - identify classify minerals/rocks

- geoarchaeology - limited to identification
- methods - same as geological petrology:

- e.g. Physical minerology (classic petrology):


- identification of minerals based on physical properties



- e.g. macroscopic/microscopic study - interaction with matter/



energy


- e.g. reflected-light microscopy study of crystal structure (shape)


- hardness (Mohs) - macroscopic study (interaction with matter)


- colour and reflectivity (interaction with light)


- cleavage - shape of breakage along natural crystal fault lines


- fracture - characteristic of traumatic breaks across natural faults

- e.g. Petrography:


- thin-section analysis of rocks/minerals



- cut/polished samples examined-transmitted-light microscopy



- mineral components identified by shape, colour, cleavage



- by fluorescence - under ultraviolet light



- minerals identified by pleochroism




- many minerals - exhibit unique sequence colour changes





- when rotated through polarized light

- e.g Chemical analysis:


- characterization of rocks/minerals by chemical composition



- e.g. my chemical assay - reaction with known agents (e.g. acids)



- more recently - diffraction crystallography




- i.e. 'imaging' the atomic structure of crystals




- mineral bombarded - short-wavelength electromagnetic 




radiation




- atomic structure interpreted from pattern of radioactive 




backscatter

- e.g. Lithology


- field study of the distribution of rock types; William Strata Smith - 



invented study of rocks



- e.g. by identification of exposed outcrops



- analysis of drilled geological core samples



- geophysical techniques - e.g. resistivity, GPR (ground penetrating 



radar)
- articulation with archaeology:

- identifies origins of lithic/ceramic artifacts (e.g. stone tools)


- unique structure/composition - illustrates raw material source


- used in provenance studies 

- explains foundations of Earth's geomorphology


- surface features affected by underlying bedrock


- bedrock patterns - help reconstruct past landscape

- lithosphere (bedrock) is origin of the 'regolith'


- regolith - disaggregated material covering bedrock



-i.e. unconsolidated rock, sediment, soil


- regolith is required for life on earth:



- provides: anchors for plant roots/shelter for animals



- character determines nature of occupation by biota


- provides context for archaeological deposits:



- covers/preserves archaeological deposit



- establishes spatial relationship between objects

- petrology (study lithosphere) - explains source of regolith


- character of regolith - partly product of lithic parent material
