
Climate, Geography, and Geology 



Southeast Alaska 
¥!Southeast Alaska encompasses the mainland and thousands of islands of the 
Alaska Panhandle, bounded by Dixon Entrance in the south and Yakutat Bay in the 
north 
¥!73,000 people spread throughout  33 communities in 22 million acres of land (about 
the size of Indiana) 
¥!Juneau (31,000), Sitka (9,000), and Ketchikan (8,000) are the primary population 
centers 
¥!Southeast Alaska is part of the coastal temperate rainforest and the region is 
characterized by high annual rainfall and, at lower elevations, lush forests 
¥!20 million of Southeast Alaska's 22 million acres are publicly owned; 43% of the land 
is designated as wilderness 

¥! Nowhere else in the US do the most biologically productive areas 
remain in public ownership 

¥!Only Skagway, Haines, and Hyder have road connections out of town 
¥!The state-run Alaska Marine Highway ferries are the primary means of inter-city 
transportation 
¥!Tourism and commercial fishing are the primary industries 
¥!Logging and mining are also historically large industries 

¥! Logging has been declining since the early 90Õs, but may increase in 
the future. 

¥! Mining both in SE Alaska and in nearby Canada using SkagwayÕs port 
are increasing 

¥! Government is major employer: about 1/3rd of Alaskans earn their living from the 
federal, state, or local government 
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Tongass National Forest 

¥!At nearly 17million acres, the Tongass National Forest is 
larger than West Virginia and  accounts for 80% of 
Southeast Alaska 
¥!It is the largest temperate rainforest remaining in the 
world 

¥! Contains about 1/3rd of the worldÕs remaining 
old-growth temperate rainforest 

¥!40% of the Tongass is non-forest: rock, ice, snow, brush, 
alpine tundra, muskeg, wetlands, etc. 
¥!Only 4% of the Tongass is high-volume old-growth; over 
! has already been logged 
¥!96% of old-growth woodlands in southern Canada and 
the Lower 48 have been logged 
¥!Southeast Alaska is 85% intact, as opposed to the 
Central Valley of CA, which is 0% intact 
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Old-Growth Rainforest 

¥!Old-growth forests are multi-aged forests (old and young 
trees) that have obtained a unique set of ecological 
characteristics and are at least 250 years old in 
Southeast Alaska 

¥!Old-growth forest serves as a ÒprotectorÓ of 
biomass and biodiversity, providing critical year-
round habitat and ecosystem services 
¥!Known for huge amounts of biomass (mass of 
living organisms in a given area)  

¥!Two primary types of old-growth rain-forest 
¥!Upland: grows on hillsides of bedrock or till 
¥!Bottomland: grows on alluvium 
¥!Alder regrows in clear-cuts 
¥!ÒA gigantic spruce that used to sell as a raw log for the 
price of a cheeseburger is now worth tens of thousands 
of dollars if hand-milled into 'music wood'Ó Ð OÕClair, et al 
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Geology of Alaska 



Tectonic Plates 

Reference:  
¥! Connor, Cathy & Daniel OÕHare.  Roadside Geology of Alaska. 1988 

Alaska is at the northern receiving end of a conveyor belt of ready-made blocks of crust.  Southeast Alaska has become an 
active zone of plate collision. It is a place where the continent is growing by the addition of seaboard terranes (a fragment of 
crustal material), resulting in the continuing rise of the St. Elias Mountains, earthquakes along the coast, and the rerouting of 
many rivers in the Yukon, to name some of the effects of this newly arrived block merging into southern Alaska.   
 
42 million years ago there was a major change in the motion of the Pacific Plate. The shift is documented by a trail of well-
known ocean floor volcanoes which includes the Emperor Seamount-Hawaiian Island chain. Presently the Pacific Plate slides 
northwestward past the west coast of N. America and is consumed by subduction (one tectonic plate sliding under another) 
along the Aleutian Trench. 



Reference:  
¥!Geology, Glaciers & Gold by Klondike Gold Rush NatÕl Historic Park Skagway, AK 
¥!Montgomery, Carla.  Environmental Geology 9th Ed. 2010 

Geologic Landforms of Plate Collisions 
The collision of the North American and Pacific plates have resulted in 3 major 
geologic land-forming events: 
 
1.! Uplift: crumpling of N. American plate where the Pacific plate pushes against or 

hits the otherwise smooth surface, causing the land to buckle and rise, forming 
mountains.  
¥! Here in SE Alaska, the Coast Mountain range is a result of this process. 

2.! Faulting: due to the pressure of oceanic-continental convergence, the earthÕs 
solid-crust will fracture, shift or dislodge rock formations.  Fractures along which 
movement or slippage takes place are called faults; faults are great cracks of 
lines of weakness in what is usually solid bedrock.  
¥! Earthquakes are caused by sudden movements of the faults 
¥! In SE Alaska, the Pacific plate is also rotating counterclockwise.  This extra 

movement causes many faults to radiate out in different directions as the 
plates smear and shatter in passing. 

¥! Skagway often experiences small earthquakes 
¥! Major and minor faults in/around Skagway: Taiya River, Skagway 

River, Taiya Inlet, etc. 

3.! Magma Injection: when fractures beneath the earthÕs surface are commonly 
filled and expanded by intruding lava-like molten magma.  Trapped within solid 
crust, these magma chambers cool slowly until hard, becoming huge bodies of 
granite called plutons (it is uplift that drives these plutons upwards). 

1. 
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Southeast Alaska Terrane Geology 

Reference:  
¥!Connor, Cathy L.  Geology of SE ALASK: with Special Emphasis on the Last 30,000 Years 
¥!Connor, Cathy & Daniel OÕHare.  Roadside Geology of Alaska. 1988 

The Stikine terrane docked itself with the North American Plate by the early Jurassic 
period (around 200mya) and makes up today what is the interior of British Columbia.  
It probably began as a volcanic island chain similar to Indonesia today, as its 
geologic makeup is comprised of: andesite, basalt and rhyolitic volcanic flow rocks 
and sedimentary rocks of late Paleozoic age, interbred with marine sandstone and 
limestone. 
 
Both the Alexander and Wrangellia terranes joined together off the North American 
Coast by the Middle Jurassic time and before they accreted on North America during 
the early Cretaceous period.  The fossil evidence tells us that Wrangellia was within 
15 degrees latitude of the equator and later moved via sea-floor spreading and 
ocean plate movement beginning about 200 million years ago(mya).  Moreover, the 
folding and faulting of Early Cretaceous rock mark the initial collision of Wrangellia 
with North America. 
 
The Alexander terrane includes lower and middle Paleozoic deep ocean trench 
deposits, volcanic rocks, shallow water limestone and late Paleozoic limestone, 
chert and volcanic rocks. 
 
The Wrangellia terrane to our West tell a complex story.  The rocks record a volcanic 
island arc that was capped by shallow-water marine shale.  Limestone imbedded 
with the shale contain distinct marine fossils from the Permian era (240-280mya).  
Volcanism ended by about 200mya and was followed by a period of carbonate 
deposition. 



Here in Skagway we can see geology and geologic formation all around us.  The uplift of our land and the building of our 
mountains have yet to finish.  Here is some helpful information about Skagway and neighboring region: 
 
¥!Dyea Road Ð outcrops of Diorite show bedrock that is grayish white, massive, jointed, and polished by ice. Some boulders of 
diorite show a very weathered envelope and are disintegrating to form sand as their iron minerals oxidize to rust leaving piles 
of feldspar behind. 

¥!Chilkoot Trail Ð on the trail you will find Cretaceous Diorite and Cretaceous to early Tertiary Granodiorite intruding with older 
Mesozoic rocks 

¥!Taiya River Valley - is fringed by many 6000ft peaks of Cretaceous to early Tertiary Granodiorite that culminates in the 
infamous scree slopes of Òthe ScalesÓ (on the Chilkoot Trail) Ð here the piles of loose Granodiorite talus provide the only 
footing over the Chilkoot Pass 
 
¥!Isostatic rebound Ð the uplift that is currently going on is due to subcrustal, plastically-behaving rocks flowing back in 
response to the removal of ice at the surface. 

¥! Skagway Ð the fossils near Skagway are from middle Triassic time (about 200 to 220mya).  Granite rock crops are abundant 
in and around Skagway. 

¥!White Pass Ð between Skagway and the summit are exposures of Cretaceous Diorite.  At the Summit outcrops of pale 
Tertiary Granite reveal a younger intrusion into the older Diorite 

Geology Around Skagway 

Reference: 
¥! Connor, Cathy & Daniel OÕHare.  Roadside Geology of Alaska. 1988 



¥! NO GOLD WAS NEVER FOUND IN SKAGWAY! 
¥! Skagway was merely the ÒGatewayÓ to the Klondike gold fields 
¥! Gold Rush StampederÕs used the Skagway area for the same 

reason rivers and glaciers did Ð it is a point of geologic 
weakness. 

¥! Faults allowed the glaciers to carve more deeply here 
than elsewhere 

¥! Gold veins sometimes form when magma intrudes into solid rock.  As the 
magma cools and solidifies, water and other substances separate out from 
the magma under high pressure, becoming superheated hydrothermal 
solutions. 

¥! High pressure of hot water and steam causes fissures to open 
in the surrounding solid rock, through which hydrothermal 
solutions travel.  When they cool, deposition of material occurs, 
especially quartz in the form of quartz veins.  Any gold present 
solidifies inside the quartz veins.  

Gold 

Reference:  
¥! Geology, Glaciers & Gold by Klondike Gold Rush NatÕl Historic Park Skagway, AK 



¥! Basalt Ð dark colored, fine-grained extrusive (meaning it forms outside of the earthÕs surface) igneous rock (igneous meaning formed by cooling of magma/lava) Ð 
makeup is: less than 20% granite & more than 65% feldspar. EarthÕs most abundant type of rock. 

¥! Diorite Ð coarse-grained intrusive (meaning it forms within the earthÕs surface) igneous rock (igneous meaning formed by cooling of magma/lava) Ð intermediate in 
composition between granite and gabbro Ð a salt & peppery blend of: feldspar, biotite, hornblende & pyroxene with small amounts of quartz, microcline and olivine.  

¥! EarthÕs interior:  
! ! Core Ð solid inside, liquid outside 
! ! Mantle Ð surrounds core in a thick, semi-solid layer of magma 
! ! Crust Ð our solid land and ocean floor Ð eggshell thin 
¥! Fault Ð a fracture in the Earth where one side has moved relative to the other  

! ! their sudden movements cause earthquakes. We have constant, small earthquakes due to active faults in the area. See the Earthquake links below.  
¥! Geology Ð the study of the Earth, its processes, its materials, its history, and its effect on humans and life in general 

¥! Granodiorite Ð an intrusive (meaning it forms within the earthÕs surface) igneous rock (igneous meaning formed by cooling of magma/lava) similar to granite Ð made 
up of: more than 20% quartz and at least 65% feldspar Ð not a true granite because of the amount of biotite mica and hornblende, that gives it the darker appearance.  
Cretaceous Granodiorite because it was formed during the Cretaceous period. 

¥! Granite Ð an intrusive (meaning it forms within the earthÕs surface) igneous rock (meaning formed by cooling of magma/lava) Ð makeup is: at least 20% quartz, 
feldspar and mica Ð because it cools at such a slow rate close to the earthÕs core granite is composed of large crystal forms.  The most common type of intrusive 
igneous rock. 

¥! Plutons Ð a body or distinctive mass of intrusive igneous rocks  - usually several kilometers in dimension. 
¥! Tectonic Plates Ð solid masses that float over the semi-solid mantle 

! ! 15 major tectonic plates worldwide 
! ! SE Alaska sits at juncture of the Pacific Plate (oceanic - West) and the North American Plate (continental Ð East) 

" ! These are Oceanic-Continental convergent plates, colliding into each other due to flow of magma below forcing them together 
¥! Terranes Ð a rock formation, or assemblage of rock formations, that share a common geologic history 

! ! Terranes are separated by faults 
! ! a geologic terrane is distinguished from neighboring terranes by its different history 

Glossary of Geological Terms 

Reference: 
¥! Geology, Glaciers & Gold (a pamphlet) by Klondike Gold Rush NatÕl Historic Park  
¥! Montgomery, Carla.  Environmental Geology 9th Ed. 2010 
¥! Alaska Earthquake Center – real-time quake info- https://earthquake.alaska.edu/earthquakes/ 
¥! USGS Earthquakes Southeast Alaska https://www.usgs.gov/centers/pcmsc/science/earthquake-hazards-southeastern-alaska 



In this section, you will find a brief overview of glacier morphology and resulting landforms. 
 
 
 
 
 

GLACIERS 



Glacier Basics 
¥! A glacier is a flowing mass of ice 

¥! Glaciers consist of ice crystals, air, water, and rock debris, with ice crystals being the fundamental component 
¥! Note: glaciers must be formed over land; this is why Arctic sea ice is not considered a glacier 

¥! Glaciers are formed when the accumulation of snow and ice exceeds ablation (melting, evaporation, wind deflation, or calving) over a 
long period of time 

¥! As snow accumulates, compressive forces from new layers of snow cause lower layers of snow to recrystallize into larger grains 
known as firn. As the grains continue to increase in size, air is forced out and the firn becomes glacial ice. 

 
 
 

Collier, Sculpted by Ice: Glaciers and the Alaska Landscape 
Sugden and John, Glaciers and Landscape 
National Park Service, Intro to Glaciers (link) 
National Snow and Ice Data Center (link) 
Gamesby, Cool Geography (link) 
 



Glacial Morphology 

The following are examples of common constrained glacier types: 
 
¥!Alpine glacier: also called a cirque glacier, occupies a bowl-like 
hollow high in mountains; tend to be wide rather than long 

¥!Hanging glacier: glacier located on a shelf above a valley or 
another glacier; tends to be wide rather than long 

Ð! Ex: Harding Glacier (link) 
¥!Valley glacier: glacier spilling out of mountains into a valley; often 
long and resemble a tongue 

Ð! Ex: Mendenhall Glacier (link) 
¥!Tidewater glacier: glacier that terminates in the sea 

Ð! Ex: Hubbard Glacier (link) 
¥!Piedmont glacier: valley glacier that has flowed onto relatively 
flat plains, resulting in a spread-out, bulb-like appearance 

Ð! Ex: Malaspina Glacier (link) 
¥!Icefield: extensive area of land ice covering a mountain region; 
relatively flat, with flow determined by underlying topography 

Ð! Ex: Juneau Icefield (link) 
 
 
 

Sugden and John, Glaciers and Landscape 
National Park Service, Intro to Glaciers (link) 
National Snow and Ice Data Center (link) 



Glacial Movement and Landforms 

Collier, Sculpted by Ice: Glaciers and the Alaska Landscape 
Sugden and John, Glaciers and Landscape 
National Park Service, Intro to Glaciers (link) 
National Snow and Ice Data Center (link 

Ð! The University of Wisconsin Ð Stevens Point has a good glossary of common glacier features (link) 

¥!Advance: accumulation exceeds ablation: the terminus of the glacier is moving down-valley 
¥!Retreat: melting faster than accumulating; the terminus of the glacier is moving up-valley (though the ice is still flowing down-valley) 
¥!Calving: when icebergs break away from the terminus of tidewater glaciers 
¥!Glacier trough: glacially-eroded U-shaped valley; ex: Laughton Valley; valleys formed by fluvial (river) erosion are V-shaped 
¥!Fjord: submarine glacier trough; the Lynn Canal is is an excellent example of a fjord 
¥!Arete: steep, sharp-edged bedrock ridge formed by glaciers eroding opposite sides of the ridge 
¥!Horn: pyramidal point with extremely steep faces; typically formed by several aretes meeting 
¥!Nunatak: mountain summit projecting above an ice sheet; ÒnunatakÓ comes from Greenland Inuit 
¥!Cirque: semi-circular or amphitheater-shaped bedrock feature created in the accumulation zone as glaciers erode back into a mountain 
¥!Tarn: lake formed in a cirque once a glacier has melted; Goat Lake is an example 



More Glacial Terminology 

¥!Till: unsorted glacier sediment; clay, silt, sand, gravel, 
cobbles, and boulders deposited by a glacier; often well-
drained due to its mixture of coarse and fine materials 
and will, in time, support forest communities 
¥!Moraine: an accumulation of glacial till 
¥!Rock flour: ubiquitous product of glaciers, made of 
fresh mineral fragments typically smaller than 100 
microns; produced by the glacier's grinding action on 
bedrock; credited with contributing the blue-green color to 
glacier meltwater streams 
¥!Isostatic rebound: rise of landmasses formerly 
depressed by ice sheets; controls succession in coastal 
Southeast Alaska; Skagway rises about 0.76Ó/year; Dyea 
rises about 0.92Ó/year 
 
 
 

Sugden and John, Glaciers and Landscape 
O'Clair, Armstrong, Carstensen, The Nature of Southeast Alaska: A Guide to Plants, Animals, and Habitats 
University of Wisconsin Ð Stevens Point, Illustrated Glossary of Alpine Glacier Landforms (link) 
 



Glaciers & Alaska 

¥!Alaska is home to approximately 100,000 glaciers, covering 29,000 sq. miles (or 5% of the state) 
¥!Alaska has five major regions of glaciers, and all are close to the coast in Southeast and South Central Alaska, with the exception 
of the Brooks Range 
-The Juneau Icefield stretches from the Mendenhall Glacier to the Denver Glacier 
-The Wisconsin Glaciation (about 20,000 years ago) completely reshaped Southeast Alaska's topography; glacial landforms now 
determine the distribution of upland, wetland, and aquatic habitat 
-SE Alaska glaciers near the mainland were between 4,000 and 5,000 feet thick during the Wisconsin Glaciation 
-SE Alaska's glaciers are classified as ÒwarmÓ and ÒmaritimeÓ as opposed to the ÒcoldÓ and typically ÒcontinentalÓ glaciers of 
Antarctica or Greenland; SE AK's temperate climate means most of our glaciers are within a few tenths of a degree of their melting 
point, due to direct solar radiation, rainfall, friction, and, occasionally, geothermal sources 
¥!The majority of glaciers are retreating; ablation exceeds accumulation and the glacier has a negative net balance 

¥! This means that glaciers are decreasing in area and volume, losing around 50 gigatons* of ice per year, which causes 
0.14 mm/year sea level rise, contributing 5.5% of the total sea level rise. Five-and-a-half percent of total sea level rise 
doesn't sound like a whole lot, but it is impressive when you consider that Alaska's glaciers are about one half of one 
percent of all the glacier/icesheet cover on the planet, but are contributing about 9% of the total icemelt globally. In 
other words they are melting and contributing to sea level rise relatively faster than most other glaciers and ice sheets 
on the planet. (fromNPS Alaska Nature and Science) 

¥! *a gigaton is equivalent to a billion metric tons. A male African elephant might weigh, at most, 6.8 metric tons 
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