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Field Excursion: Gooseberry Falls State Park 

 

 I arrived at Gooseberry Falls State Park at approximately 10:30 AM on Sunday, May 8
th

, 

2016. The park is located along Minnesota State Highway 61 on the North Shore of Lake 

Superior, approximately halfway between the towns of Two Harbors and Silver Bay in Lake 

County. I chose this location because it was already on my itinerary for a pre-planned trip, and I 

also knew that the lower reaches of all the major tributaries of Lake Superior – the Gooseberry 

River included – have impressive rock outcrops that allow clear observation of the underlying 

geology. As you can see below in Figure 1, the river flows over bedrock in many places, and 

thus a large amount of rock is exposed.  

 I started out my investigation at the “Middle” and “Lower Falls” region of the park, 

which is most heavily visited. At first glance, the rock here seemed relatively homogenous. I 

knew from previous knowledge that the geology of the North Shore was heavily influenced by 

ancient volcanism. The rock here was no different; it was clearly igneous in form. Specifically, it 

was aphanitic (fine-grained) and mafic (dark color, iron and magnesium-rich composition) in 

character.  

 From these observations, I gained a few pieces of information about the formation of this 

rock. First, since it is aphanitic, it must have cooled relatively rapidly and not allowed for 

extended crystal growth. This would occur if a magma flow was at or near the Earth’s surface 

upon cooling, rather than cooling deep inside the Earth. Further, its mafic origin gives 

information on its composition. We learned in class that mafic magma is relatively rich in 

magnesium and iron and relatively poor in silica and aluminum. Also, we learned that mafic 

magma is typical of oceanic plates. However, this region is directly in the center of a major 

continental plate. Upon further thought and research, the basaltic composition of this rock may 

be a better indicator of its age rather than location of origin. Mafic magma is primitive compared 

to the more evolved felsic magma. Thus, this rock may have in fact formed on a continental 

plate, but it formed a very long time ago when most of the magma on Earth was mafic in 

composition. 
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Figure 1. “Middle Falls” of the Gooseberry River at Gooseberry Falls State Park, Lake County, 

MN. My selected region of study is circled.  

 

 With this initial baseline information in mind, I scoured for any abnormalities or layers in 

the otherwise homogenous bedrock and outcrops. I noticed many fractures cutting through the 

rock, but these do not indicate layers. Rather, they occurred as a result of weathering long after 

the rock formed. 

 Eventually, I began to notice a slightly different variety of basalt. It was located in certain 

areas and had a different appearance than the predominant basalt I described above. It had a 

vesicular texture, more rounded erosional features, and many light areas embedded within it. In 

contrast, the other type of basalt lacked vesicles, was moderately darker in color, lacked a large 

number of light areas, and had sharp, fractured erosional features. The more I examined the two 

types of basalt, the more I began to realize that they constituted a distinct layer. I selected one 

area to the southwest of the Middle Falls to focus my study on (Figure 1). As you can see above, 

there is a fairly distinct fracture line denoting the different layers.  
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Figure 2. Two layers of volcanic basalt along the SW flank of Middle Falls. The top layer is fine-

grained and marked by more fracturing and sharper edges. The bottom layer is also fine-grained 

but is characterized by vesicles (hardened gas bubbles) and more rounded weathering patterns. 

The bottom layer had many “fills” of a lighter-colored rock type. These fills were in vesicles or 

fractures/cracks.  

 

 Figure 2 shows a close-up of the two basaltic layers. Based on my descriptions above, I 

could gain some basic information about the two different types. The top layer was aphanitic in 

texture, meaning it cooled rapidly, as described earlier. Furthermore, it had many small fractures 

and sharp edges in it. Compared to the smooth, rounded features of the lower layer, I could 

conclude that the top layer was a more erosion-resistant rock than the underlying layer. In fact, if 

you look at the right side of the bottom layer, you will see a rounded out hole in the rock that 

formed via erosion by water and entrained rock. Features like this were common in the bottom 

layer and not abundant in the top layer. 

 Regarding the bottom layer, I could reason that it cooled much more rapidly than the top 

layer. The top layer cooled fast, but the vesicles of the bottom layer meant that it was directly 

exposed to air or water at the Earth’s surface when it cooled. This would result in extremely 

rapid cooling that would solidify trapped air bubbles and leave behind the bumpy vesicle 

structures. It seemed to me that the bottom layer was redder and slightly lighter than the top, but 

this may have been a phenomenon unique to this particular spot. Throughout the outcrops and 

bedrock, the basalt appeared in a continuum of reddish-gray colors that varied randomly.  

Top Basalt Layer 

Bottom Basalt Layer 
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Figure 3. Secondary rock fill in a fracture in the bottom basalt layer. The fills in this layer were 

determined to be quartz based on examination of the mineral structure and on previous 

knowledge of mineral formation. 

 

 Figure 3 shows a close-up of the bottom basalt layer with vesicles and a quartz vein 

running through it. Initially, I was not certain that the vesicles were a product of igneous rock 

formation. Rather, I wondered if they were formed via weathering by water and entrained rock. I 

thought this because the bottom basalt layer was present at the same elevation as the river (it 

even composed the bedrock bottom of the river) and also at the bottom of the falls. The top layer 

was located on the flanks of the rivers, however, and appeared well above the water level. 

 However, this didn’t make sense when I thought about weathering in terms of base level. 

Water erosion will tend to flatten out the bedrock of the river and erode to the lowest point. Over 

time, it would become a flat plane. Thus, it had to be first bumpy in texture and later smoothed 

out. There would be no way for rocks and water together to erode out a previously flat section of 

rock and make it appear bumpy. There is no way that many well-directed and strong downward 

forces could be exerted by a river alone. 

 The quartz vein pictured above and below in Figure 4 was what drew my attention to this 

layer initially. I called it quartz because 1) the person with me (my brother) had knowledge of the 

geology of the region and admittedly told me so and 2) it was a white, somewhat translucent, 

common mineral that I had come across in previous geology courses. I also knew from previous 
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courses that quartz commonly forms from recrystallization out of very hot silicate-rich 

groundwater. In this instance, it is clear the story being told. The igneous rock formed first and 

then the fracture formed later, by either tectonic activity or weathering. Then, hydrothermal 

groundwater seeped into the fracture, cooled, and crystallized out the quartz.  

 

Figure 4. Close-up of the previously pictured quartz fill in the bottom basalt layer. Also apparent 

are the vesicles that cover the surface of this layer. 
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Figure 5. Vesicles in the bottom basalt layer. Many of these vesicles had been filled in by quartz. 

 

 As I began learning more about the story this rock had to tell, I came across another 

conundrum. From my amateur perspective, sections of the lower basalt looked like porphyritic 

rock (Figure 5). This type of rock, of course, contains at least two distinct minerals of different 

sizes (at least one is relatively fine-grained and at least one is relatively coarse-grained). 

However, I reasoned that it was not in fact porphyritic rock. One clue was that the light-colored 

minerals existed only in vesicles, and even then, they were not present in all vesicles. If it was in 

fact porphyritic rock, the light spots would be distributed somewhat evenly across the surface. If 

not porphyry, then what was it? The light-colored mineral resembled the quartz fill mentioned 

above, and indeed upon further examination it was quartz. So, I reasoned that the hot 

groundwater that caused the quartz deposit in the fracture also could have seeped through the 

porous basalt and crystallized in the open vesicles. The concepts of cross-cutting relationships 

would tell me that the basalt formed first, then the quartz came in later, and my observation that 

the quartz is only located within the confines of the vesicles is consistent with this. (If not quartz, 

then the light spots are well-placed bird poop!) Figures 6 and 7 below show additional close-ups 

of the vesicles and quartz fills.   



Nienhaus 7 

 

 
Figure 6. Another photograph of filled vesicles in the bottom basalt layer.  
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Figure 7. Close-up of filled and non-filled vesicles in the bottom quartz layer. Bright light 

reflected off of the quartz crystals makes them appear more white in this picture than they were 

in the field. In relatively, they were a somewhat clear milky white. 
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Figure 8. Eroded pit in the bottom basalt layer near the water’s edge. Submerged during high 

water, this feature was likely formed by the mechanical weathering of swirling water and 

entrained rock particles.  

 

 I included Figure 8 because it informed me even more about the bottom basalt layer. As 

described in the caption, it is the result of mechanical weathering of water and suspended 

particles in the water. Features like this were present elsewhere in this basalt layer. However, 

they were not present in the overlying layer. This indicates to me that the bottom layer was more 

erodible than the top layer. Because their abilities to be eroded are different, the layers must be 

different in more ways than just their texture. Their compositions as well as crystal structures 

might be different. However, I do not know enough about the composition of different basalts to 

place my finger on the answer. 
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Figure 9. Top layer of basalt.  

 

 Figures 9 and 10 (above and below) show the overlying layer of basalt. This layer is 

harder (less erodible) and has sharper features. Even though it was at the base of the waterfall, it 

did not exhibit well-pronounced water erosion features like the lower layer did. Figure 10 shows 

the fine-grained crystals typical of aphanitic basalt particularly well.  
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Figure 10. Close-up of a typical section of the top basalt layer. This layer lacks pronounced 

vesicles, although there are some and some are filled. This layer overall was less red in color 

than the underlying bottom layer. Further, there were sharper edges and fractures in this layer. 

The surface was generally smooth and characteristic of a typical fine-grained aphanitic texture.  
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Figure 11. Standing at the base of the Middle Falls. I am standing on the bottom layer and all of 

the rock in the foreground is also part of the bottom layer. The top layer is behind the 

photographer and not visible in the photograph.  

 

 To prove I was actually at this site and that this paper was not an elaborate hoax, I am 

pictured at my site in Figure 11. I left the site having gained a relatively decent understanding of 

each individual layer. However, my understanding of the layer as a whole was limited, but it 

increased immensely as I perused exhibits in the park’s visitor’s center. In the following, I will 

summarize some of the information taken from those exhibits (an example plaque is shown 

below in Figure 12). As I had speculated previously, this region was formed via volcanic 

activity. And, as I had suspected, the volcanic flows were old – over 1 billion years old. What I 

didn’t know, however, was that the basalt layers I examined were the result of different distinct 

lava flows occurring at different times. As Figure 12 shows, the falls region was the result of 

several flows being extruded on top of each other. The bottom region of each flow cooled 

slightly less rapidly than the surface of the flow because it was insulated by the magma above it 

and surrounding rock. Thus, the bottom of each flow had a more distinct albeit fine-grained 

crystalline structure while the bottom of each flow had a messy vesicular texture characteristic of 

rapid cooling and minimal crystal formation. My top layer, then, was the bottom of a less ancient 

lava flow. My bottom layer was the top of the more ancient flow that became overlain with 

additional layers of basalt. 
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 Finally, I learned more information about how the actual waterfalls formed. On this 

section of the Gooseberry River, there are five main falls within a short distance from the mouth 

of the river, indicating some type of stair-step landscape. The river formed after glaciers retreated 

during the most recent Ice Age. The concept of base level would tell us that the river would 

erode down to Lake Superior as quickly as possible. (On a side note, the Gooseberry is a 

relatively immature river, as evidenced by its steep, narrow river valley). The river flowed over 

the top vesicular sections of the layered basalt formations and easily eroded the rock. However, 

when the river met bottom portions of basalt (my top layer), it could not erode the rock easily. 

Thus, a series of undercuts formed as top portions of layers were eroded down and the overlying 

erosion-resistant basalt remained. This formed a series of steps that the river flowed over.  

 

 
Figure 12. An exhibit on the geology of Gooseberry Falls State Park at the visitor’s center. 


